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Actual Instances of Dual Personalities—I* 

Cases in Real Life That Rival the Wildest Fiction 

By Edward Tyson Ueicbert, M.I)., Sc.D., Professor Physiology in the University of Pennsylvania 


Thk' iiotxcl KnRlinh uiithnr, Mr. IT. (I WMlii, wan ru\oniion(ircurH to tbe primary rMo hu mrondar; iilate dMiRhtar of mi unannipuloua, Itlnenmt hypnntlat. Sbo 
asked, “What u the fln.t ttep toward literary ptudiifl- may, m it wora, be eomplotriy blotted out, lo that mental waa made by him a hypnotio lubjeet, and grew up amid 
tion7" and he u aeereditod with the reply “It ii im- exiitonoe la naumod whero it maand when the aeeondaiy aurroundlnga auuh an wrould naturally tend to develop 
porativo, if you wiab to write with any power nr fmh- atato appeared, the aubjeot having no knowledge of In a very aeaaitive girl abnofmal mental atatea. She 
nnw at all, that vou muat utterly rain your digevtlon." hia life in tlui Interim. In aome inatanecH there veeun m lime M In temt from her degemmte and eouaeleiioe- 
Perhapa in aurh a light the originality of the atunea repeated altornatum of the two pononalities, and m luaa atopfather, to be found after aome yean in a nni* 
of "Dr. Jekyll and Mr. Hyde” and "The Caae of aueh eaaea one peiaonaUty may at ouee, or In the eontM lanum, when we an made tamlUar with her dual Uvee. 
Beeky” may auggeat to aome of you the outpouringi of tune, reoogmae the exiatonoe of the othm, the anbject Aa Dorothy, the waa a highly lenaitive, eharmhig and 
of ahnormaJ mlndi, but we find in the biitoriea of the benomliig oonsoloiia of a dual mental exiatepce, eventn- lovaUa young woman; fweot tempered, food of reeding, 
livoH of aome who have lived before or with ua abund- ally blending tbe two, or adopting one or the other end with oxemplary haUu of mind and body. At timn 
ant inapiration for auch fletion. permanently, and not tnfrpqaently the looondary, or upon awaking tirom a dtort elaep aho would exhibit a 

When we ipeok of an indiMdual'e prraonality «e auppoeed secondary, atate. Bnmetimea then appear penonality wfaloh waa the vtgy antithesia (rf the normal, 
have referenre to the aum or totality of hia mental multiple penunalitles, that la. as many as ten or mote In this atate ibe waa known as Beeky. She waa quannU 
trula, which traits aro expnwaioiis of ram-latioiia of peno^itiea may be developed, one toeoeedlng another, tome, diaagreeaUe. used ooane language, waa pro- 
tho past with the present, and not only of hia mdi* eaoh differing from the othen, each being aa eharaoterla* fane, tore her olothlng, and took great detight in an- 
vidual ]Huit, but alao of the hvea of anneatral geaem- tie as though the Individuat bad been as many tfauM re> noying thoee about her, and pbyed idl eorts of dis- 
tiuna which have left thuir impreeaion on hia mental born. And ao one might go on indexing theoe varied agreeable trioka upon her prtmiity self, wUeh appeared 
prooenea. PeTaonal'ty la a manifeatation of an ax- and uneaany manifeatatlona of mental life which seem to her as the petaon of another indlvidnal, Udlng and 
tnimely complex aggregate of interaaaociatod and In- more bke freaks and monaboaltlea of the hnegination daatroying things which aha imagined bdonged to this 
tencting mental atatee- a combination that ia so plaatie than aotualltlea of life. Parhape as many ai forty Bases hated penon 

that one or more of the nompoiients may boeome aup- of dual and multiple personaUty have been lepmrted. Mr. Delaseo, in the atagmg of "The Case of Beeky,” 
prmiod or exiggmwtad, and thus treoalently or per- aome of wfaieh have bm republished time and agab, abowsd romarkable skill Dinothy waa a very Imp^ 
maaently impart to the individual mental nbaraoters yot they aro almost unknown oven to the madieal sionable girl who, beeauae of abusive tnatment and 
that are more or Icm at variance with his recogniJMid profeaakm. Undoubtedly a very large number have ex- repeated aubjeothm to hyimoals by her ateptather, bad 
identity. leted, and many of tbe unfortunate inb]eeU found lodg- hw mind lo peoulUiiy affected aa to beoome a victim 

All are aware of the tranaitlonal character of our mmt in iatane asylums and priaoni. of sulf-hypnosli and to land to tbe development of a 

pononalities in our every-day livm, aa u expressed Turning our attention now tor a few minutes to second personality entirely dlllvent from her normal, 
especially by our variable moods; by the duplicity of fiotkm, and llrst to Hobert Louis Stevenson’s story of After the appoaranoe of the second posonaUty an alters 
personality of the habituel one-day saint and six-day Dr. Jekyll and Mr. Hyde, Dr. Jehyll is detenbed as nation of the primary and seoondary statea look plaee 
amner; by the ease with whleh the actor assumes dif- a Urge, wdLmade, amooth and haadaome-fseed man tor yoara, until finally, under the care of an expert neurol- 
ferent penonalltloa, associating with each such traits of fifty, wirii partiapa something of a ilyiah oast, but ogiat, she was, through hypnosU rSstond to bar normal 
aa obarieterisa the aubjeel; and by the ohangea brougiit with every mark of oapaelty and Idndneas, and who sdf. Such oauae, effect and oine ate whcdly in aooord 
abont by latoxleaDla - the qu'ct, k^, loving, moral, out- eheriahed ainoete and warm affections. Ha waa a eon- with the faots of soieaae, although perhaps exceedingly 
lured man, liocoming quaneUoine. brutal, lewd, profane, noUseur, inolinsd by nature to Industry, and fond of few of the aadienoe, and very tow oritics, looked upon 
and utterly lacking In tho high Ideals that characterUe the respeot of the wise and good. Tbs worst of his them as bring otherwise than entirely imaginatlvs. 
his normal hfe. We know too that In aamnamhuUam, faulU was a certain ImpatUnt gayety of diapomtian. What seemed to be the moat vulnerabU feature of 
dcllnino and certain hyatcncal statM tho individual may such as has made the happiness of many, but such as the pneantatkm was Dorothy’s oonacioasiuss of the 
oxlilbil nunUI traits which in many reepenta are markedly he could not reconcile with hia impenoua deaiie to carry preaenao of her ateptather in some way other than by 
or wholly dlffwnnt from those wluch typify hia nunnal hU head high and wear a more than commonly grave her ordinary aenaea—in some ccoult manner, auch aa 
life; that hasheesh and certain other dro^ may pro- oountenance briute the public. Hence, whilo he in- by telepathy, that U, by aa influence of one mind ova 
duce m the subject a delusion of an existenoe of a double dulged be concealed his pteaaures, biding them with an another at a distance by other than the normal obaiv- 
personality, that is, a sense of having two mental lives almost morbid sense of shame, and standing committed nris of oommunioation. But this very point, seem- 
whicli may hold oommunloatuin; that m certain forma hi a profound duplicity of life. Be saw that two natures Ingly amall and nnimportant to the lay mind, vraa not 
of Insarnty the individual has the belief of a dual mental oontended m the field of oonsclousneM and he ooncolved overiooked by so sklUfnl a stage eraftanum. Those 
and physloal existenoe, even becoming obsessed with the of the scpsratlon of these natures by taldng a drug, who followed the play with diseernment will reoaU that 
delusion that ha is not himself but bis double; end that and of rooombiniiig them by on antidota. at a moment briore Dorothy appeared ou the stage 

the mental life of normal, hypnotii- and narootio sleep Upon taking tbe potion, agomee were caused whioh hi a aelf-hypnotle state bar stepfather, who vras unseen 
Is usually quite different from that of the waidng state, swiftly aubrided, and oa if oat of a great siokneas he at the time, hod wwghed loadly and in a striluagly 
But none of thane Instanoea Is to be tnoluded in the came to himaelf in the form of Mr Hyde, a man ten- peculiar way—a cough which we are auppoaed to uader- 
catsgwy of dual personality because in each there ia fold more wicked than hto primary self and sold a stand vrse beard throughout the snaitariuin. It was 
merely a single personality that has beeome modified aUve to his origliul evfl. As Mr. Hyde he waa dwarfish this cough whioh was intimately related to tbe homes 
In aormal or abncimal ways, whereas in oosas of dual end gave the imprearion of deformity without namable of her girlhood, though not oonadotialy reeogiilaed by 
psrsemaUty there an two mental ladividuoli belouglDi malfonnation. Ha had a displeasing smile and bon Donriby, that so sfleeted her peoubarly sensitlv* and 
to OM body, both tane, each having aelf-ooiiieiousiieat, hlmsalf with a aon of murderous mlxtnn of timidity abnormal mind as to throw her into hypnoala. In this 
and aaeh having ita own charanterlstio mental life. and boldncai. Ho spoke In a husky, whispering, snd eonditian she vraa an npport vrlth her stepfather, ex- 

Then nan be no question of a close relationahlp somewhat broken voice, and his maoncr aroused disgust, trem^-nnahlve to bu pieseme, and almost wholly 
between the piychic states of sumnambuliBin, byslena, loathing, and fear. He seemed baldly human and waa snba£rive ta'Us wiD. Even in the hypnotia state she 
({ebrinm and insanity with Ihose of dual pcrso^tlcB, inherently malign and malldous, taldng pleasure in tbe has some eosin^ouaneia of her wril-ni^ belidenmesa and 
and It may not always 1» possible to dcflmtriy dif- mfliotlon of every degree of tartare. He hod the name the perils that enoompaaaed her In tho ptesenee of her 
ferentiate them. Where inianity begum and sanity of Satan written on hia face. Mr. Hyde, drinking the atepfatber. To diiaiiiate the tendency to aelf-hypnoals 
ends no one knows- who can tall whether or not cor- antidota, cried, reeled, ataggered, olutohed at the table, and prevent the reeutrenoe of the leeondary state by 
tain people sro sane or insane^ Slmilsrly, where modi- euring with hijertad eyec and gaa|dng with open mouth, hypnotio snggeetion, in aoeordanoe with tbe play, may 
fleatiims of a suiglu pmonolily end and dual pononall- pale and shaken and half fainting, WM taaootofiiied to sesm to be vlthmaiy, yet it b entirely oonsbtent with the 
ties begin no one eon say, yot in Isith Instances tiiere Dr. JekylL The two naturee bad mernney in oommon, faeto of scloiioe. The pieeentation of the dual obaraeter 
ore woU-defIncid typea that aro so definitely aharaotsr- but oU other fooultiaa were meet unequally dialed be- was remarkably time to life. 

latlc that we ran declare positively that there la one or tween them. Jta Turning now from fiction to atrange storloa fnim Hfs, 

the other. It is ouch types that must be studied at tbe Trsndtiona from one state to the other were frequent, we find that the essential featune of “The Cose of 
ouUtart if we ore to have dear oonoeptions of oloes and m time Dr. Jekyll. like tboae of us in evsiydv Beeky” have their eountsipart In the Ustccy of the 
disUne^ns and undentand the peyoholngy of tbMe life who baUtuelly give way to evd inoUnatioae, loot ease of.Mlm Beouebamp, wUdi was pubUahed by Dr. 
extraordinarily interiMting casot of two different minds bold, oa it were, of hit origii^ and better self, and be- MortoaPrince (“TheDtaroeiatktaof PeteoBality,*' IWB). 
belongliig to one body. soma dowty iBoorporatad with his leooBdary or worse The snbjeot was a penon In whom three pmninlltiw 

Typioal oasea of dual tierhunality are ohaiactenaiid sell in the form cf Mr. Hyde. He men eame to a re- tpoataMimdy devdoped, eaoh bring distinotly dHterant 
by the existenoe of two dlstlmit, aone, srif-oonaflious alixation that he hod to ehooee betwesa the two, and from tiie olhera in trains of tbcmi^ vtawa, Idaals, 
mental lives bdonging to one body. The ohange from ohoodng the better, ha tor two mentha was Dr. JehyU. tanipenineDt,aequldtions, tastes, ha))itt,ei9<tleaoaB and 
one personality to anotltar ia usually abrupt, without Than, In on hour iff moni weakneaa, he egdn swaiiowed memoriei. Outy one of the dma had any inheceiit 
obvioua cause, and oommonly folluwing a period of loM the tranaformiag potion, and instantly tte spirit of beQ Ipmwlfdgaof theotheraiandthaiAhHrlwohedMknawi- 
of eonsciousoess, usually sle^, whkh oommvnly ta long awoke and raged in him, and again waa be the moral edge of aaob otha or of the first enept lueh m had in 
and profouiuL Upon tho return of eonsaiouinais thers monater, Mr. Hyde. tblita bean obtained by Infscenoa or by intotmation from 

eodata a partial or complete loss of memory of the knowV- “The Caaa of Beeky,” whDa presenting certain fqn- othfi^peopb, flnddB^wafindiaapaioiiaiilr TwldM 
adga that parUeularUed the individual’s llf^ this toss tmes ia itnmmm with those of Dr. Jahyfl and Mr. and inotte m>PMn in kalnidosnniitn aneesMion, each 

bMng aasoriatod with a change of dianctec, so that Hyde, la in its maailmtationi of tita aacondary state bring ignorant of what was laid «c dnw or when ibe 

the subject is to all intent and pmpoaas another mental and In certain other r mpeota quite dttteent. The rtoty was while in the immedlatriy preecdlng pmenality, 

ladirldual, havmg a different memary, will, dlspodtion, of Dr. Jriqrll and Mr. Hyda briongi to the eategery l^» six yean than thnb peno^tin playad a marir- 

InUOfi^fnal powen and haUts of mind and body. Tha of dn« flenda we nad of tiom ttau to time In the daily able end otanoet unbrilcvaUa comedy of Mota, nridng 

^oqnbed perwiudiiy or secondary itato may have no preee; bnt “The Ooie of Beeky” ia one of dual pstaOn- thab sutnuess and exita In a moat jnsdpMsrtla way, 
rMOgnltkm of the nxiatonoe of tha prinaiy or Bonnal aUty, and the eoneaptloBl of tha adthor an wefl toudad aaah fare tima staying h* part, aadkbalngwindlttdQal- 


stata, or stas »mm; ita mental and physloal lives may be 
so sntlroly different from thaee of' normal Ufe that it 
• A diUvarta It tbs Uaivsiuty sf Fsaasylvsala, 


la Ustoriss of oasss in UTi wUsh an even man wsM 
and interestimr, and aeemtngly tmprobable. 

In normal life tha psrseo «f Baeky waa known aa 
Dorothy. Dorothy, it wtB ha nnW a d . waa tka ategi- 


MMteOy and phyriha^ ihMrib tbdm tm tbna 

MlmBnaaltaSb daearibadatS^Sr^hairiri^ 
I myniriti M aa ahad. gim te dyrinmafag, to 
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^ fantcfautiloit, nndidy Influannod by h« imaciafttmi, 
Uvinc in »laiid of idaaliam, nad Miliic people not m they 
an but M eho Tmegmect them to be, nod laefcuig in true 
eoneqitiooi of her eavnonniuito She ww mteUeottuOly 
ken ud toad of booki, Htd ihe idbUied her motlur, who, 
however, wh devoid of effeotton tor her, the effeot of 
whi(di wee to make her morbidly retieaat aad hve withm 
hereelf and her hnagmatum. When eMdtteea yean of 
age a nervone ehoek played the pniudpal role in the 
davelopiiMat of the lamarfcabla penonalitiae that for 
eoniA yean enoompaaaad bar Ufa At twenty-three ihe 
waa a ooUage atodent, ambiUooa, over-oonieientiona, 
mantaily and moraliy itubbom, very nervooa, a neataa- 
thenia of an eitteme type, and a oontinual aulferer 
mantaily aad phyawally, beooming vrone, aad ultimately 
unAttug lur tor work 

In the ooutae of tuna two poceonalitMa developed 
whioh oame to be dutuigulahed aa Sally aad the Idiot 
The three poaonahtiea (Mua Beauehamp, Sally aad the 
Idiot) wwa lo different aa to anggeat the deugnationi 
The Saint, The Woman and The Deni 

Inaimuoh •• Miae Beenehamp waa a phyiteal wreck, 
it might naturally be aaaumed that her bodily ailmente 
would be earned into her other atatee, ao that notwith- 
atanding great ohaagea in mental traita her bodily traite 
would oontuuie the aame But thin did not oocur, thui 
nbowing m aa extraordinarily unpmaiive way the potent 
influenoea of the mind over the body While Mua 
Beauehamp waa alwayi ill, alwaya euflenng, alwayt 
phyeioally weak and moapable of more than very httle 
phyewal and meutal exirtiou, the Idiot ahowed a mark¬ 
edly leanened neuraathenia aad waa o^iable at phynoal 
and mental exertion muoh beyond the powen of Mine 
Beauohamp, yet vnth dubnotly leai oapaoity than Bally 
Aa Sally, the Deni, ihe wee a ttraoger to lUneea and had 
remarkable phynoal endnianee knovnng neitha fatigue 
nor pain While m tho etute of Bally vhe would take 
long walka, far beyond the i^pioal etrength of Mue 
Beauehamp, and then euddenly Sally would vanuh and 
the body be returned to Mui Beauehamp, who would 
oome to lunaolf in a itato of utter exhauation notwith- 
atanding that only a few momenta before, aa Bally, there 
waa jhyaeal vigor 

Muf beauohamp and the Devil m their phyoologiael 
and moral taatea, moral ohanoterutiaa and aequiai- 
tioni were almoit wludly antipodal The kinda of food 
and dnnk liked by one were diahked by the other Mue 
Beauohamp'a appetite waa poor, ehe oared httle (or the 
pleeauna of the table never uaed vinegar or oil, and waa 
very fond a loe eroam and brotha, ete The Devil had 
a good appatite, enjoyed tho table, uaed freely vinegar 
and oil, never ate ice oream or brotbe, ate Mtm Beau- 
obamp wore her hair low and her olotbing loom and wae 
fond of iduireh and devotional hookt The Deni wore 
her hair high and her elothuig tight, and never volun- 
tority entered ohureb or read devotional hooka Miae 


Odesaa, the Grain Port of Ruaeda 
OpruDA la oue of tho moxl liu|Kii(ant viaiiorU of 
Kuntlu rinklog, b) mivoii of Iti impiilHlIiin uikI »v foi 
Ugn trade, afUr I'ltiuRiatl MukCuw uiid Wan-aw 
Mine It WBa foniiikHl 111 17VW imhi lUe luliis of a Tnrl, 
lah foiC that Ml Into Uuwlau hiiiiilH lii IT^U it Iioh rap 
Idly brcoHie the lutellecloal anil luuinuiLlal Lupltel of 
Mhat la lallod New Uuaida It l-i the pilndiail ecpoit 
town tor the ixteuelve graingiuniuK dIsiikiM of South 
ItuBata, the See of an ArihlilHhop of the (.reek Oitho 
diAX Church the cinter of u fine iinlvenilty and the 
beadquurtora of the Beveuth Army ( mpe 
The port Uoa on the ahore of the Ulack Sea about 
midway between the ealnarlea at the I)nl«Ntcr and the 
Dnlapa', 06T mllea from Uoacow and dbl from Kleff 
The dty la built raring the sea, on low cUffa seamed 
with deep MVlnee and hollowed out by gallerteii In the 
soft iMk, In which tbotmanda of the poomt lubabltanta 
live But above Ihla am fine broad tree lined atieeta 
and aquarea boidared with bandnuine public bulldlnga 
and manalans In the Italian style, and good ahopa Be 
fiMeg the cathedral, there are doiena of other ehnwhea, 
a One opera hooae, and the Falala Iloyal, which, wltli 
Ita gnrdene end park, la a favorite place of retort A 
mamdAoent Alidit of gnolte atepe leada from the Blch 
eUati mAnum evt to the barbon, and the ebore la lined 
with gianaTtaa, aonie of which look like peUoea 
frbe bay of Odema. which hie an area of fourteen 
nguare mQea ww a dangerona nnehornge, on account of 
itt expoanre to easterly winds, nntU the harbors wltbln 
U, am III Bomber, protected by molm end breakwatera 
wen oonetmetsd Baatdw these, tlura are the harbor 
ot the Bnaalaa Company for Navigation and Commoci, 
aad the psbmtaiito 'haiMr Thase harbors are froami 
fbr a lew daya 0«]y in winter, but navlgatlao Is rarely 
laterirqptid for sbom than sixteen daya at ths moat 
Xhe jpepalatlon hag itsadlly Inoteaesd from 8.UK> in 
tns to abOtit 4SIVOOO at ths premait dty The total 
extisrto wan valaad soma tlma ego at aboiit iBOiOOIkOOO 
uaeaHy ami tha tapma at abrnt VOfiBOfiOO, abeat 


Beauehamp waa patient ooiuiderato of oihem, amiable, 
baled towuig, and waa \eiy food of nhtldnu The Devil 
waa meat impatient, roost tnoiinudvrato, unamlahbi, 
given to ragw of violent temper, bked tawing and looked 
Upon ohildren aa a groat nuuanoe Aoquiutinns of Mua 
Beauehamp wore often not posaoaied by the Devil and 
those of tho latter not often by Miai Boauoliamp And 
to m v«y many waya one peraonahly waa tho anUtbeeu 
of tho other 

Sally n deaenbod aa having a oharacter traiea of 
thought, memornsi, iwn eptioaa, aiquintiona and mental 
tomita generally whioh wore quite different from those 
of Mua Beawhamp Solly olauned that sbo knows 
what Mist Beauohamp tbinka, aaya, wntoa and does, 
tees what ahe sem at tho time, and not aa knowledge 
aftorwarda aequired Curloualy enough, while Mua 
Beanobamp oould bide afaaotut^ aotimig from Sally 
ahe waa absolutely without knowledge of tho exutoneo 
of Sally, and Sally, while rooognixiiig tho exuteuoo, 
thought! and ao on Mua Beauchamp, did not aasociate 
Miff Beauehamp with betwdf or her body, but unagined 
her to be aaother indlvldo^ Sally had a jealoua hatred 
of Miae Besuiobamp, and remarkable and almost m- 
credible were the pranks, torments and terror to which 
Mui Beauohamp waa aubientod The pmonalitus of 
Miss Beauohamp and Sally frequently alternated A 
favonto form of Sally's amuaement waa to suddenly 
vanish and ratore tiui body to Mua Beauehamji under 
eondiUont that would give nee to gnat mental and phjra- 
ical luffunug bally would wnta meet annoying letten 
to Mua Beauchamp aad she had a most sublle way of 
slalmg just enough to eauM Mue Beauohamp s imagina- 
Uon to run not and to fancy all aorta ot things, and gener- 
oUy to mate a slate of mind full dt apprebeniinn or 
evffli terror Sally would make engagemonta which she 
knew Mlaa Bcanehamp could not koep and often Mua 
Beauchamp would avrake to And that she had unknow¬ 
ingly done Bomethiiig entirelv different hom that which 
ahe had contemplated Miss Boauihamps promisee 
were broken and engagements wen made which wen 
objectionable, or even of su(h a oharseter aa ahe oould 
not in honor keep Sally would write letters exjiusing 
tho pnvate sffairs of Mua Beawhamp, and by dia- 
torting exaggerating and dehbsratidy lymg she caused 
tho koeneat aeuse of mortlAcatlon and inorcaaed the lU- 
lUMs of Mias lioauohamp by the mtenae anxiety 

Sally took advantage of Mua Beauchamps (atoleaa- 
neas about tlie oaro ot money and many wore the 
torments to which the latter were subjooted One day 
Misa Beauohamp waa sorely womed over the inystenuus 
duappeatwwe ot some money Bally had hidden it 
and written a note to Miss Bouuoluunp, wbiih was 
roooived a day later, telling Mua Beauehamp that she 
was too negligont and incapable of taking proper oaro of 
money, and that abo would accordingly be pul on au 
allowanoo of ten cents a day with whiofa to amuse beneU 


<<% l<r (Int of all the Imports fnlo ItusslQ flratii nnrt 
isirlliiilaih ivlital Ih llii ililit iiilliK ifixpur liliu 
Uuiii U also an Iidih rtiiiil (X|stt il Ihi piiMiit tliiw 
Ihi principal InitMirts au ruw i ittisi Iron nciUiiltmiil 
mucbliicu cool ilnnikiiN Jiiu ropri and Ituil Well 
owr I JIIO kshIh of-eiim 1 711)MX) luunugi iiilti Iho 
puit tverv jtur and •( tlusi olxinl 7UO with n t iiiiiigi 
oriJltoUUIl nil Rrltl-h - 1 Inllp Iihffiupli 

Translncenl Glivs Britha 

ti n IIS I III uKriiiia of tin Jlluiuhiitini, Tnglncini 
Vslity ow Ilf Ibi siH-akirs ninli ii iioiil liit mil 
nciith piactkul miggiMtloii In rct,Hid to tin Intirlur 
lighting ot bulldlngH Hie rimurks nirc un f IIowh 
Not lung sluco a realdcnt owuti called nil attention to 
Thi fail tbit Ihe front rooms ot Ms homi wire In itaj 
time the darkest ones lu tho boune luitwlthnlandlng the 
fiict that these rooms wore the munt uw d and the inout 
luiporlaut The darluicH was caused thire-uud in 
fket will be cuused in any average rosldnire by tin 
shkldlng effect of a large tioiih nnd u\{rliniicliiu 
caves Tbls la a very common condition and It ms ms 
puculwr to me that use hsu not been madi of iirkun 
plate glass, or ribbed shcctu In the form ot Hkyllghls 
set In the veranda root to direct the daylight ogalnht 
the face of the building and Into the winOowu 1,1am 
with a ameoth upper side and with prisms on Its lower 
fkce parallel to the building would direct eotuddeniblt 
more light Into these front rooms than is found at 
present Oolng a little further It seems xeatonable to 
me that naa could be made ot tnnxlucent glaw brick or 
glam blocka lii the actual conatnicUuu of a buUdlog 
Sneb blocka could readllj be made of a glass ot pkas 
big uolw tints, Impertlous to weather and it Is rouceh 
abis bow many beantlAil offecto could ba worked Into 
spaces betwesu pUasten, around domes, frleics, etc 
Many archIteetB do not want to bave the sxtertor of a 
buUdliig mads cfaaraetsrlera by the uu ot many win 
down. Olaas brick, tlntad ths eelor of stiuM, would offer 
a Mlotlon ot tiMh a pceUsK” 


For some time thianaftor Rallv doksl out minis of two 
flvn or ten iiwIm and thuu winild vanish giving bad 
llu bmly to Misa Bewuebamp 

Fur two years thu extraordinary and almost in 
erediblfl play ot (iimedv fane and drama of dlffcnn 
pcrsnaolitioa in onu liodv went on iii alti nmtiim 

Misa Beauohamp was raiaatcdly h\pnoti/id by Dr 
I*nnii! and in tlio courw of time llnrr ilnvclopiil l 
hott-hypnotio state in which thuru oix iirrud a porsuii 
ality dilfnront from the otlur three Bbe in this stati 
boil a full knowledgn of the evimts of the past six years 
She now teemed to bo wnthimt the morbid idealism and 
impnasionabilitv ao strongly marked in tin pursonality 
of Mlaa Beauchamp, and waa aim without the milaii 
oholy sadness and weaniiess and was Iivm nirvous and 
humble bho was light-hearted natural and physically 
strong and posaessed greater hpontaneily and intoUeo- 
tual grasp This personality appeared to be the fnsod 
penunalities of Misa Beauehamp and tin Uovd a |ier 
Bonaiity that had lost the morbid tmolninal idoolum 
of the former and the impishness, tom|ier and willfulnias 
of tho latter 

Naturally tho quoitian ansea as to which, if any, 
of these penonabties m to bi regard si as the real Mwa 
Beauibauip Dr Prince anssrereil thu question by 
showing tho real Miss Beauohamp Is not the Mlm 
Deaui hamp we met at the beginning of our neital, but 
the fused personalities of Miss Beaiichsmp and the Idiot 
he brought about aad rendorod permaaeat by hypnosii 
The personality ot Misa Beauohamp aa we Ant knw her 
was hko the penonabties of Aotly and the Idiot, a dis- 
aooiated or detached mental state, the other mental 
statin being fur the time latent or submerged BTbat 
becamn of Sallyf The mental state represented by Bally 
soems to bavo boon a snfacontoloua state that beeame 
dominant booouse ot the spUtbng of the primary self 
mto two parts one part beoommg lupp r smad The 
umnn of the personalities ot Mias Beauehamp and the 
Idiot gave rue to a peraonahty ot such potentiahty that 
the personality ropreaented by Bally waa submerged m 
suboonsoiouimess The personahty ot tho real Miaa 
Beauehamp after a ponod of vasoillabon had contumous 
exutenoe, and Mua Beauehamp wm thereafter a mentally 
and phyatrally strong individuBl 

Id the ease of Mua Beauchamp, it will be recalled that 
wliile Hally bad full knowledge of Miss Bosuebsmp 
and tho Idiot, tho Idiot had only a scrappy knowledge 
of Mih Beauehamp and no knowledge whataoevet of 
the onsteiufl of iitbor bally or thi Idiot In tha ease 
about to be referred to, the secondary ptrsonahty, un- 
bke Bally, had no knowledge of tho primary itate, nor 
had the primary state any knowledge of the secondary 
The Boeondary parsonality cunously inough, jilayed 
pranks similar to those of Bally, but not upon bor own 
person 

(7o to canlinued) 


Preventing Soil Eroeion 

boil ciufl 111 IK iluliig luiiiiiiiM ditiiiKgp conKtniilly and 
fiw laopk liiow how (u applv picMiitlve measures In 
llie aiiuuiil n iwrl ot the Ikiraao of ''uIIk of the Depart 
nil lit of \t,rlcullure a simple tnethnd of handling one 
Ilusii of iiohIuim Ih dcsciihcd Ibhi Ih tin case whirc 
till soil is lalug washed awav lu gulllcK and the remedv 
Is to build a duui Biriisa the Incipient guilts through 
«hkh a Kcwii plix. w iniskikI loniicilliignlth an upiiglit 
pipe sltuatiil at the upper Hide ot the dam Jbe hollow 
liiimcd hy the iliiui will All with water In food coiidl 
lluDK Dutll the lop ot the upright pipe lx reached whin 
Ihc cMcss of viMiLr runx off qultlly into the next Held 
nr into another luiiiouiiiUiig siuce below The cnttlng 
Lurnnt of the draining watir Ik atoppnl and the aedl 
uieul carried bj It settles nboie the dam thus teudlni 
to reixtlr the damage previously done A suitable tile 
drain located under thi dam wUI dlapose ot tho wafir 
Impounded Im low ttae oiiciilng of Ihe upright pipe 

A Vninnble Snb-Troplcnl Uny Grun 

At the third InUniatiniuJ Congress of Tropmal Agn- 
cultura attention was called to a valuable speoies of 
grass that bos been introduced into South Afnea with 
remarkable suocesa This Is known ag Tell (ffragsMtii 
oboMintea) and la an annual hay gra.«, partmilarlv 
■uitable os a aununir eatob-ciop aad a smothersetop for 
weeds, owing to Ita rapid growth when weather i uudi- 
tums ore at all favorable It gives a heavy yudd of 
hay of flno quality and high nutritive value mnn noarlv 
roaembimg k ngliih meadow hay than any other gnaa 
grown m BnitUi Afrua It sown with the early spring 
rains it has been possible to eut three orops of hay In the 
season, giving to J tone per oire, and to obtain 
autumn graiing from the aftermath 1 he Introduetion 
of Teff gnaa into Routh Afnea haa raised many amall 
farmers strugghng for a bvug to posibona of oompan- 
tive oomfort and mdependsnoe They are unanimously 
agreed that this mtroduction alona haa repaid over and 
over agau the whole oost of tha Division of Botanv of 
the Deportmaat cf Agnonltiira hom Its inespboB to date 





The Pearl Fisheries of Ceylon 

How the Pearl Bearing Oysters are Gathered by Naked Divers 


Tbi flndlof of Urge tud valuable prarla baa been 
a natter of deep Interest to mankind f r centuries 
Tbs Certoneae flaberlee whlib lad leen lerated at 
Intervals since long before tbe Christian era are prob 
abljr the moat ancient of these flstaerlis The moet 
perfset pearl aver discovered In that region waa booght 
in 1688 by the 8hah of PeraU for about |81000 from 
an Arab who brought It from Oatifa a nahety op¬ 
posite Bbareen in the Persian Gulf Another magnld 
lent pearl—a black speOmen—waa sold to a New Tork 
Urn not many years ago for abont 126 000 
Tbs true pearl oyster known scienUflcally as Ifeico 
grias margamti/era and bstonglng to the family Avi 
enlidsi dlflSra from tbe edible oyster In having a small 
Toot and anterior ad lector muscle a well-developed 
hyssus gland which secretee a bunch of llberi by wbtoh 
the animal Is attacbed to rock or stone and a thick 
*nMther of pearl Uyer to the shell 
Tbs Ceylon Oiberlee are operated on lanke covering 
an ntanalve area off the north coast of the island 
Tradition haa It that King Boiomoa obtained aome of 
hia wonderful pearia from the Ceylon banka and even 
the pearls wbkb Cleopatra dlaaolvsd and drank are 
ondltad wltb a Ceylonese origin 
The banks most fsmoos In past tlmos lie cloee to 
the ebore In tbe Gulf of Ilaniiar near a place called 
Uarlchchukkaddl 

At one time when Ceylon waa under the Tamil pow 
ar tbe pearl Oaherlea wore conducted freiuently and 
snooMsfully They were watched over by a Tamil 
prlnoeae wbo was rarried to tbe end of the KaraltUva 
Point, and tbare enthroned nntll tbe flabery was over 
to prevent robbery on tbs pert of tbe divers 
One of the eerllest mentions of pearl ffaherlea In 
Ceylon oocnrs in the Bajevall duonlde (806 BO) 
where they ere spoken of as being located near Oolom 
bo but they were unfortunately destroyed I y an Inon 
dettoo from the eea 

During tbe Portuguese control of the Island of Oey 
Ion there le no record of any pearl dshing but during 


By R I Geare 

the 140 yean It was occupied by the Dntcb there were 
et least four Important daherlea between 1782 and 1740 
iu the coarse of which probably not lass than a mllll i 
dollan worth ot peazU wwt teenred 
During the British ocenpaney of Ceylon which still 
oxlsta tbe pearl banka bava been under the Inspertur 
■hip of tbe Master Attendant of the port of Colombo 
while the government agent ef the Northern ProvUui 
acta as Odldal Superlntendeut 
Tbs oyster beds are formed by an amalgam of coarse 
(.ranlte sand and old oyater ibetU cemented together 
with coni Urns Ben there Is but Uttle moiement of 
the eand so that the oysten remain easily accessible 
but away troni the beds tbe sand wbicb la loose le 
fonned into huge wn\as which have tbe effect of cov 
ering up end deetroylng the oftm InunedUtaly 
Tbs life of a Otylon penri oyster la not mon than 
eliht yean and from about Itn third year it seems 
to be most productive both la tbe number and aiae of 
pearls Aa a matter of tact very few 8 year oyeten 
contain valuable pearls but whm a bed of oyetm Is 
debed just as an dying off with old age tba 
pearia obtained en liable to be many and Urge 
True pearia which are In fact the rasnlt of a dia 
ease eometimee brought about by tbe IntrodncUoD into 
the abell of soom foreign body niefa aa a grain ci aaad 
an nndeveloped ew a parasite, etc en fonned la tbe 
tissue of tbe oyster and when they reach racb a elie 
as to caiue great dlicom f ort to the oyster the latter 
rither dlae or forces tbs peari toward tbe opening be 
twemi tbe velvee wbm It le retained by an absolnMy 
transparent snbetance or akin and here it Increoiee in 
growth. 

Owing to the monsoons pearl dihliic can be carried 
on oolj In April During tbo prooiding fail 

or winter (genomllj In Nortmbtr) the injector 
causes acme 20000 oysters to be Uttod end If the 
average la satiafaetory tba Oabery la ordered POitn 
the proper time artlvei tba boats each «nn«si"<"y 
dl>ers wh) work Ova et a time ate rowed or aollad to 


tbe banks Facb pair of dlven baa an attendant known 
as a maadnek The boat alai contains a tlndal or 
ropneentatlve of the owner of the I oat and a peot 
sbo repreaenta the laf^rests of the gmemment 

The divers are allowed for payment one third of 
tho oyetors takin while tbe government auctlous off 
tho remainder on tbe beech tbe same evening they arc 
cBught Tbe oysters are then placed by tbe purchasera 
In kottuk or Inelosnrca and are allowed to rot for 
light or tei lays in s me receptacle—often a woodei 
anoe—wbicb la coiercd over t shade the dyateni from 
the BUD but permits flics to obtain free access as they 
Hwdst In the process ot rotting T star tbe whole mess 
Ih washed wltb ciaan water tbe shells stones end bvs 
SOB (or green etrbig like snbstanoe by wUcb tbe oyater 
ittacbea Itself to tbs rock) ere picked out end tbe 
renldna placed on long etrlpa of black calico to dry 
Daring tbe drying proeeai tbe whole mass Is pi ked 
over and over again and carefnlly actotinlaed for the 
Hmolleat pearia 

In daaalfylnff tbe pearls a eerlsa of brass cnlladats 
r boakats Is used They are about tbs else of an 
ash tray and are provided with holea which are ef 
even ebw In each basket. Tbe me with tbe largeai 
slaed boles has twenty et them while otben have as 
many aa several hundred bolee eaob By this method 
ot sifting tbe larger pearia ore readily preserved bat 
tba tiny seed pearie are often aecldeutaUy left In large 
numbeii near tbe oyster waablng place aud for a I nc 
time tftorward mon and wouni search tbe sands fur 
these minute treasures 

Seed pearls It may be esplolned are chiefly need 
by Indian prinoee being pounded into powder to form 
chonam for betd-chewing and they are also ex 
traslvaly employed In KnbrolderieB end olaster neU 

laesA 

The actual openUon at diving for pearl oysten Is in 
thli wise Wbm the divera are reedy they climb over 
tbe side ot the vaoed plana ana font on a large stone 
which la bdd dsar of the boat by two poles feitened 
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at rlfU aiiglaa «rar tlia boara ildat and b; a tUcd tbe dlrm lata go of the itooe, which ta then healed op. of the aeo, with back* arched and beeU above tbelr 

pda wUdi Ilea paraUd to the laogth of tbe veaaal and no oe to be rood; for the next deeoeot, and, ewlmmlng heedi, while their long balr warn In e gracefnl wy- 

la laabed to aach aod o< tha othar tira on the botton, groape all tbe oyden within hie reach, ucr and U upheld by the ncUtm of Uie water. A Tanfl 

OHoptot the Npe whleb In atta iib ad to thla atone When Ua bteatti la nearly exhanated, the diver elgnahi diver remaloa below from CO to 60 aecoada. bat on 

•nd hltobtof over hla urn the rope attadied to the to be palled op with hla baikot and liaea pertly b> Arab can atay down from 80 to 60 aecomla. 

bookat la whhdi Om diver plaoca hla catch, ha takea a hla own InltUtlve. Occoalcnolly the dlvera are aeverely Dlrlug bella were Imported Into Ceylon by Sir Bd- 
deep braath, doelng bla nootrUa with hla free hand, and atong by JoUyflaheM, and aometimea they atay dowu werde Ramei In 1826, but they nor Kuropeana In a dlv- 

allabtly lalalng hlmaolf—to add tmpetoa to hla deacMt too long and, aetuatod by avarice or o\eTeetIniBtlii.t ina rirom can compote with the naked dtver. 

-givea the tlgnal to the "mandate' to reteaae the rope tbelr own atrength, are brooght np dead. When col Tbe catcb of one boat for a anw-wuiful week’a flab- 
to which the atone la fhatened. On reaching the bottom lectlng tbo oyatera they aeem to float on Ihe bottom Iiik xIuhiIiI total about 180,000 oyatera. 


X-Rays and Crystalline Structure* 

Discoveries That Assist in the Understanding of Theories of X-Rays and Light 


Two yean have gone by tlnre Dr, Laiue made hla 
■nrprlatng dlacovery of the Interference effeeta accom- 
lauiytng the pawwge of X-rnys through cryatalo. The 
Idoneer experiment haa opened tbe way for many 
othen, and a very large amount of work, theoretlcul 
and praotlcBl, hoa now been done. Aa the preliminary 
expltwarion of the new country boa proceeded, oar flrst 
eatlmato of ito reaoorcea boa grown contlnooualy; wo 
have teamed many thlnga which help oa to a better 
understanding of phenomena already famUlar, and we 
hare aeeu avriinpa of Inquiry otien oat before na which 
ae yet then baa been little time to follow. Tha work 
la fall of opportonltlM for evact qoaotltaUve meaaure- 
meata, where preclilaa la sore to bring Ita due reirard 
There la enoo^ work In eight to absorb tbe eoerglaa of 
many experlmeuten, and there la anre to be far more 
Uion we can aeo. When we cmulder the wldenen of 
the new fleld, the quality and quantity of the work to 
be done In It, and the Importance of the taaueo, we are 
acurcaly gnllty of over-atateoeut If we oay that lane'a 
exporlmont haa led to tbe development of a new sdenoe. 

The exporlmcnt Itaclf, to put it very briefly, nmatl- 
tutea a proof that X-mya oonalat of extremely abort, 
ether wavea. In order to appreciate the value of thla 
demonatratlun, we moat bear In mind the preaent con- 
dirloni of our knowledge of the laws of radlathm In 
general. Let ua conalder very shortly how the whole 
matter stood when the new work waa begun. 

When X-rays were first dlacoveted righteen yearn 
ago It woB auou pointed out that they might oonalat of 
electro-magnetic dlaturbanoe of the ether analogoua to 
thooe auppoord to conatltnte UghL It waa trua that the 
new rays seemed to be Incapable of reflection, refrac- 
tlOQf dlffrtctloa tnd Intorforoncoy wblch woro 
«8)tlcal phenomena. But It waa pointed out by Bchua- 
ter* that theae defocta could be uxplolued oa natural 
conaeqaencee of an extremely small wave-length. Tbe 
pooltlve evUence oooatsted mainly In the knowledp 
that tha Impact of tbe electrons on the antl-cathnde of 
the X-ray bulb ouia>t to he the occasion of electro- 
magnetlo waves of some sort, and In the discovery by 
Rarkla that tho X-riys could be intartaed, which lost 
li a preqiarty also of light 

As experimental evidence oi-cumulated, a number of 
reonlta were found which Ihe elcctro-mignctlc theory waa 
unable to explain, at least in a direct and simple man¬ 
ner. They were mainly concerned with the transference 
of mergy from place to pluce. Tn some way or other 
the swiftly moving electron of the X-ray bolb tranafem 
Ita energy to tbe X-ray, and the X-ray In Ita turn com- 
mnnlcsates approximately tbe same quantity of energy 
to the dactron which originates from matter lying In 
the track of the X-ray. and which Is apparently the 
direct oauae of oU X-ray effects. Experiment seemed to 
Indicate that X-roy energy traveled os a stream of 
BiVarate entltlea or quanto, the energy of tbe quontom 
differing according to the quality of tbe X-roy. It 
looked at ooe Unie os If It ml<ht be tbe olmplest plan 
to dtny the Identity In natnro of X-raya and Uflht, to 
deaolbe (he fonnw os a corpnocnlar radiation and the 
tatter os a wove morion. Otherwiae, It seemed that the 
etadtKMUgiisde bypothesfa would be ton to ptacee In 
the sffUrt to hold all the foots together. 

But it ippeond on a olooe axomlnarion of light 
phmtaini ataOk thangh In much tan obvlons fhshlon, 
that tha vary gams effects ooenned whleb In the ease 
of X-royg wtn so driflcnlt to soeptato from an orthodox 
poliitotttow. in tho end U boeuH tarn dUBodt to deny 
rim ooaptatoMM of the orthodox tboory than tho Iden- 
rity to Botoro et right and X-raya Modera work on tbo 
dlBti^kvttai 9t tnttgf 1% tho tpoetnmi, and the depen- 
dsBos of offoeUe hqit npoo toaporatate, has also tad 
Inds psnd to tty to tbs guss petot of vtow. it hu boon 
ngld «ltfc gitnt totes by Ftan^ Btnstoln. and others 

•«ad wldMil^tooal taritoM of atsat BrUsla, Jobs 
Kh^ttoto 

tjUnra^^ttsoyr tM. tme. 


By Prof. William H. Bragg 

that radiated energy ta actually transferred In doflulte 
units or quanta, and not continnousiy; os If we bad tu 
mucrive of atoms of energy oa well as of stoms of mat¬ 
ter. Let It bo admitted at once that tbe quantum theory 
iiud tbe orthodox theory appear to stand In Irreconcil¬ 
able oppoolrion. Bach by Itself eorrotateo greet series 
(if tacts i but they do not eorrolate the ssme sorlea In 
sumo way or other tbe greater theory mnst bo fonnd, of 
which ooch ta a partial expression. 

The new discovery does not solve our dUBeuIty st 
mice, but It does two very Important thlnga In the flrst 
place, It shows that tho X-rays and light ore Identical 
III Mtura; In tact, it removes every difference except In 
lespeet to wave-length. Tbe question as to tbe exact 
place where the dlfllculty lies ta decided for us, we aro 
set the took of discovering how a contlnuons wave mo- 
lion. In a conUnnous medium, can bo reconciled with 
(llaconricuons tranatarencoi of radiation energy Hume 
Holntlon there mnst be to this problem. The srcood 
Important thing Is that tbo now methods will sorely 
help ns on tbo way to find that solution. We can now 
examine tbs X-rays as critically aa wo have been able 
to otndy right, by means of the apectromelsr. The wave¬ 
length of tho X-ray haa emerged ao a measurable qiuii- 
tlty. Tho complete range of electro-magnetic radiations 
now lies botore na At one end aro the long wavea of 
wlrrieaa telegraphy, In tbe middle are flrat tbe wavao 
of the Infra-red detected by their hearing effects, then 
the light waves, and then the short waves of the nltra- 
vlolet At the other end are tho extremely abort waves 
that belong to X-radtatlon. In the competarive slnd> of 
the properUea of radtariou over thla very wide rniigc we 
mnst surely find the answer to the grenlest queillon Af 
modern physlca 

Ro mnch for the general question. I,et na now con¬ 
sider the procedure of the now Invcsttaattons, and 
aftorwards one or two applications to special lines of 
Inquiry. 

Tho experiment doe to lame and hla collaborators 
Friedrich and Snipping has already boon described In 
this lecture room and to now well known. A lino pencil 
of X-raya passea through a thin crystal slip and Im¬ 
presses Itself on a photographic plate. Itonnd tbe ceti 
Irol spot ore found a targe number of other spotn, 
arranged In a aymmetrlcal taablon, their arrangement 
clearly depending on the crystal atructura Lsne bnd 
anticipated eome aoch effect as tho result of dlffracilon 
by the atoms of the crystal. Ilia mathematical analyslH 
Is too complicated to be deocrlbed now, and indeod It Is 
not In any drenmatancea eaay to handle It will be 
bettor to paai on at once to a very simple metbnd of 
apprehending the effect which was pot forward soon 
after the pablktUon of Lane's flrat reonlta I must run 
tbs risk of seeming to be partial If I point out Ibe Im¬ 
portance of thla advanea wbicb was made by my son 
W. Lawrence Bragg. All the recent investigations of 
X-ray opectra and tbe examination of cryitol structure 
and of molecutar moHnns which have been carried out 
slnoe then have been rendered paaalble by the easy grasp 
of tho inbieet which nsnlted from the simpler con¬ 
ception. 

Lot ns Imagine that a snccsralon of waveo constitut¬ 
ing X-radtatlon talta upon a plana containing atoms, 
and (hat each atom Is tbs causa of a secondary wevelet 
In a wall known manner, the secondary wavelets link 
themaelvos tegeth» and tom a nflerted wava Just so 
a sound wave may be rdleeted by a row of paltnga and 
very short aomid waves by tho flben of a sheet of 
muoUn. 

Hupposo a oactaid plan# of atoms to lie behind tho flrst 
end to bs panllol to it Tbo primary wave, weakened 
somewhat by pasolng through the flrst plane, ta again 
porttally rofloetod by the sacond. Whan tho two re¬ 
flected psncllk join It wril bo of groat tmportaiioe 
whether they lit craet to ereet and hollaw to hollow, or 
wtaotiiar tlisx tend, to dsgtroy each other'a offlect. If 
mon nlloettiig idoiMe ora ouppooed, tho tasportonoo of 
t food ft beoDM grsntor and r«tar. It tha number 


Is very targe, (hen, as bappena In many paraltal cusa In 
optica the reflected wavra practically annul eodi oriiar 
nnlen tbo fit la pertacl 

It Is easily seen that Ihe quentlon of lit depends on 
liuw mnch distance a ware reflected at one plana loasa 
In compartaon with Ihe wave which was raflactad it 
the preceding plane ■ the fit will be perfect If the liNi 
amoouta to one, two, (hrea or more wavo-tangths ex¬ 
actly. In Its turn tbe dtatance lost depends on tho 
■pacing of the planes, that is to say, tbo dtatanea from 
plane to plane, on (he wave-length, and on tbe onglo at 
which the rays meet the set of planes. 

Tbe qnoatlon Is formally not a new one Bfaiiy yaan 
ago Lord Rayleigh dlacusaed It tn this room, lUostcat- 
Ing hta point by aid of a set of muslin ahoeta a trote b ad 
nu porallal framea The ahort sound wavea of a high 
pitched bird call were reflected from tbo set of tnmoa 
and affected a sensitive flame; and ho showed bow tha 
■pacing of tho planes must be carefully adjusted to tha 
proper value In relation to tho length of wave and tho 
angle of Inddenca Rayleigh nsod tho Ulaatratton to 
explain the boantlful color of efalorale of potoah cryo- 
tata. Ho BBOlbed them to the reflection of light hy n 
series of parallol and regularly qwoed twinning jdanoa 
within tho crystal, tho dlstaneo between sneeoMtvo 
ptanen bearing; roughly, tho mune proportion to the 
length of tho reflected were at light at tha dtatoneo 
between the mnalln sheets to tha length of the wave of 
Bound. 

Our present phenomenon ta exactly the mimo tUng on 
a mlnnto aeale; tbonaanda of times amallof than In tbo 
case of light; and many millions of Umee amaller than 
In tbe case of sonnd, 

By the klndnses of Prof. R. W. Wood I am able to 
show you some flue exsmplea of the chlorate of potodi 
crystata. If while light ta allowed to tall upon one of 
them, tbo whole of It Is not reflected. Only tbit port 
ta refleetod which has a doBnIta wave-length or oomo- 
thing very nsnr to It, and the reflected ray ta tbecefora 
highly colored. Tbe wave length ta defined by the r«ta- 
llon already rofeired to. If the angle of Inctdenee ta 
altered, the wave length which caa be reflected Is 
altered, and so the color ebaugea 

It ta not dlRIcult to see the aimlngv betweoi these 
cases and the reflection of X-rays li> a crystaL Bnp- 
IKwa for example, that a pencil of bomogeneoua X-rays 
meets the cube taco of xnch a crystal as rocksalt Tbs 
atoms of the cr>stal can bs taken to he arranged in 
planes parallel to that taco, and rcgnlarly spaced. If 
tbo rayi meet tbe taco at the proper angle, and only at 
tbe proper angle, there ta a reflected pencil. It ta to be 
remembered that the reflection ta ransed by tbe joint 
action of a series of planes, which. In this case, are 
parallel to tbe face. It Is not a reflection by tbe taco 
Itself. The tece need not even be cut truly; It may be 
aupoltabed or delllioratel) roughened. The redeetlon 
takea place In tbe body of tbe crystal, and tbe condltton 
of the surteee ta of little account 

Tbe allotment of (he atonu to a aeries of ptanei 
parallel to tbe surface ta not, of course, tbe only me 
poaalble. For example. In the case of a entile cryotal, 
paralld planes containing all the atoms of the crystal 
may also bs drawn perimidlcatar to a taco diagonal of 
tha cnbe, or to a cnbe diagonal, or In many other wayo. 
We may ent tho crystal so oa to show a taco paraltal to 
any sorlea, and then place the crystal so that reflacrion 
ooenrs, but the angle of Incidence will bo dlfforaiit In 
each ease otnee the spaclngs are different It ta not 
necessary to ent tbe cryetal except for convenience. If 
wave-length, spadug, and angle between ray and ptane 
are rightly adjosted to each other, refloetloa wlU take 
place In the crystal independently of any surfoco ay- 
rangoment 

This Is tho “reflection" mothod of explaining llic Ij<m< 
Ifliotograph. W. L. Bragg shnwcil in the first iUncc that 
tt waa taglriinata; and In the second, (lull It was able to 
exptaln la the position n( all tbe spots which I^no 
fonnd upon hla photognphi. Tbo dlfloront qnta ore 
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nflictlOM In dlfferrnt Nrl«B of planei wblcb may Iw 
IrnikB to i. >DUln tbe aloma uf Uio rrystal The dinpler 
concpptl n led at once to a diupler procadpre It led 
lo the ccnstrnctlon of the Xiay opectrometar which 
rwH-mbln an ordinary apcctrometer In penetal form 
except that tbe grating of prIam la replaced by a cryital 
and the telcecope by an lonliatlon chamber and on 
electroecoiie In use a One penrti of X raye la directed 
up>n the cryaUL which la ate* Illy tamed nntll a reflec 
lion leapa oat and the angle of reflectloa la then meaa 
ured If wo nae different cryatala or different facaa of 
the aame cryatal bnt keep tbe raye the aame we can 
tompare the geometrical apadnga of the vartona aeta of 
plane* If we nae tbe HAUe cryatala alwaya but vary the 
aourre of X raya we ran aualyM the latter meoanrlng 
the telatlTo waxelengtha of the rarlona eonatltncnta of 
the radiation 

We bare Oiua acquired a double power (1) We can 
compare the Intervala of npadng uf tbe atenna uf a ctya 
tal or of different cryatala along rarlana dlraetlona 
within the cryatal In thla way we can arrive at tbe 
atructnre of the cryatal (J) We can onalyie the radla 
tlon of an X ray bnlb In fact we are in the aame pool 
tlon aa we abuuld have been li reapect to light If our 
only meana of analvilng light bad been the nee of 
colored hlaaaee and wc had then been preoented with a 
apectrometer or oome other meana of meaaorlng wave¬ 
length exactly 

We now conw to a critical point It ae knew tbe 
exact apadnga of tbe planea of aome one cryatal we 
c aid now by comparlaon find lha apadng of all other 
cryatala and nienaure the wave-length of all X radla 
Ilona or If we knew the exact value of xomt one wave 
length wo conid And by compartacn the valuca of all 
other wave-leigtha and dotennlne the apadnga of all 
cryatala But on yet we have no al aolnte value either 
of wave length or of apadnga 

The dlfflcully appeam to have been overcome by W 
I Bragg a comperlar o of the reflecting effect In the cone 
of roekoalt or aodlura chloride and avlvlne c r potoaolnm 
chloride Theeo two cryatala are known to be loo 
moridicma they muat poaaeaa almllar arrangementa of 
alonu. Tct they diaplay a otrlklng difference both In 
tbe I ane photograph and on the apectrometer The 
refledlona from the carton* aerie* of pUinea of the let 
ter cryatal ohow apadnga ouim nnnt with an arrange 
ment In the olmplcat cubical arrav of which the email 
eat element la a cube at each on or of which la placed 
the name group a olnglo at >m nr molecule or group of 
ntoma or mole ulee In the cnae of rockaolt the Indt 
cntlouB are that the cryatal paaaeaae* a otructure Inter 
mediate between the very olmiile arraageinent Juat de 
acrlbed and one In which tbe omallest element li a cnbo 
having a almllar group of aloma or mclecnlea at every 
c imer and at the middle point of each face Ibe ar 
rangemeut la called by cryatallographera the face cen 
lered cubo The anhatltoUcn of the aodinm for the 
lotaaidnm atom mnat tranaform one arrangement Into 
the other Thla can be dc ne in the following way If we 
accept varloua liidlcatione that aloma of eqnal weight 
are to be treated aa eqalvalent Imagine an elementary 
culie of the cryatal pattern to have an atvm of chlorine 
at every comer and In the middle uf eich face and an 
atom of eodlum or potaadnm aa the caaa mav be at tbe 
middle point of each edge and at the center of the cnbe 
We heve now an arrangement which dte tbe Cadi ex 
■ctly Tbe weighta of the potaaetnm and chlorine etome 
arc lo nearly the eame ea to be pnctirallv equivalent 
01 d when they are r maldered to be eo the arrangement 
bocomM the aimple cube of eylvlne Bnt when the 
lighter oodlnm replacea the potaeolnm oi In roekoalt 
the arrangement In on Ite way to be that of the Cice 
centered cube and wonld adually become eo were the 
weight of the eodlnm atoms negligible In comparlicm 
wltb thoae of chlorine Of oonne tbe aame reenlt would 
follow were two or three or any number of atami at 
each sort to take tbe place of the single atom provided 
the same Inereaoe were made In the number of atoms of 
both sorts We might even Imagine two sorts of gronps 
of chlorine and metal atomo, one containing a prepon 
deranoe of the tonner the other of the latter bnt no 
that two gronps one of eseh kind contain bstwom 
them the onme pr cportlon of chlorine and metal as the 
cTvatal does We must merely have two gronpa which 
differ In weight In the cnee of rodcaolt and on appmxl 
matilv equal In tba ease of svlvlne But It wo* best to 
take the elmpleot foppoaitlon at the emtaet and now the 
evidence that the rl^t arrangeinent has been chosen Is 
growing ns freoh cryatala are meaaiirsd For It turns 
out that In an cyystala so fir Invedlgatad the number 
of atoms at eatfl polnr must alwava be the Mme Why 
then should It be more than onsT Or In otter 
words If atom* are always fbnnd In grempt of a eartaln 
nninber ought n t that group to be called the atomf 

As sooB as the Mmctnre of a crystal has bean foimd 
nr ran at once And by alm]de nrllhmeOe the scale on 
Mliich U^bnlir Fctr we know from otter aonreen the 

right of twUvidnal atoms, and we know tts total 


weight of tbe atoms In a <nWe emtlmetsr at tha eryatoL 
In this way we And that tha aaaiwt dlotaaea h a twao u 
two stoma In lockaalt la 281 X JO ■ oontlmaters which 
distance Is also tha apadng of tha idaiiaa parallel to a 
cnbe fhoe From a knowledge of this quantity the length 
of nny X ray wave can be oelcnlstad at once as soon as 
iho angle of tts reAecticm by tbe onbe face baa been 
meaanred In other words tbe meetrometer has now 
become a maena of meaxnring the length of waves of 
nny X radiation and tbe actual opoeinci of the etome 
it any ciystal 

From thla point the work branchea ont In eeveral 
dlreetioBS It vrtU not be poealble to give awre then one 
or two lUuatratlona of the progress along eoeh biancb 

I et oa drat take up the most Intercetlng end Impor 
taut qneellon of tho characteristic Xrays It 1* 
known that averv eubatance wium bomboidod by elec 
trona of aolBdently high veiodt} smlti X rays of a 
inallty characterlotlc of the anbetance The Interest of 
thla comparison lies in the fact that It displaya tts most 
fundamental propertlea of the atom Ihe raye whldt 
oach atom emita an cboraetcrlatle of Its very Innarmoet 
atructnre Tbe physical conditions of the atoms of a 
hubatonco and their diemlcal aiooclatlons are largely 
matters of the exterior bnt the X raye come from the 
Inhrlor of tho atomi and give ua Information of on 
Intimate kind What we And la marked by all the aim 
plldty we should export to be eaaodated with something 
so fondsmental 

All tha anlwtancea of atomic weight between about SO 
and give two otrongly dedned Ilnea that la to 
sav there ere found among the Mneril heterogeneone 
radiation two Inleiieo almost homogcnooui seta f waves 
I or Instance rhodinm gives two pindls of wave lengtha 
approximately eqoal to 061X MI' conHmetera and 
00-1 X 10-* (.enttnttera respectively Here exacUv tbe 
f rmer of those la a dose doublet having wnve-lent.tha 
0610 XIO-' and 0614 XMH The wavelengths of 
palladium are neoiiy 0 08 X MH and 0 fl x 10' nickel 
100 X 10 * end 1 00 X 10^ Lately Moeeley has made a 
com] erallve study of the apeciia of the gr at maj rltv 
of the knran elementa and has shown that IIh two line 
apectrnm la cheraeterlatlc of all tbe ealNitencc* wboec 
atomic weights range from that of alnmlnlum 2T to 
that < f diver 108 These \ rays coastllute there la i o 
doubt whatever the charaderUUc rays which Barkln 
I iig ago showed to be emitted by thla aeries of aiil 
Hiancva 

Now come* a verv IntMeeting point When Mosclev 
Hds tbe lucreedag atomic weights ngalnat the corre 
a| n ding decreasing wave lengtha Ihe changes do n t 
ruu exactly parallel with each other Bnt If tbe wave 
length* arc compiled with a series of natural numbers 
everything ruua amootbly In ikct it Is dvlona tlmt 
the steady decrease In the wave length va we para from 
ntom to atom of the eerlea In the periodic table implies 
(hot aome fondHraental elemont of atomic stmdnn Is 
altering by eiual steps There is excellent reason t 
Iwlleve that tbe change conalita in inCccaslve advllllnna 
t Ihe unit clcctiic charge to tbe nnclena of the atom 
Me an led to think of the mognitude of the nuclena of 
any element aa beliig dmply pnqmrtloaal to the num 
her Indicating the place of the element In the periodic 
table hydrogen having a nndear change of (ue unit 
helium two and so on The atomic weights of the one 
cesdve elements do n t Increase In an ordarly wav 
ihev mount by atepe of about two bnt not very regu 
larly and eometlmea they raon absolutely to get Into 
the wring order kor example nickel baa an atomic 
weight of BR7 whereas certain ebemleal propertlea and 
altll more Its behavior in ezperlmenta on radio activity 
Indicate that It ahonld Ue between cobalt (BO) and cop 
per (Od 0) Bnt tba wave lengtha, which ere now our 
meana of oomparlson dlmlnlob vrith abeolote etaadlneas 
In tho order cobalt nickel copper nalnly tbe atomic 
number is a more fundamental Index of quality than 
the atomic weight 

It la very Intereatlng to And In the aerial arranged 
la thla war four and only fmir gapa which ranoln to 
be Ailed by elemenu yot andlscovered. 

Let ns DOW glance at another and moat Important ride 
of the recent work the determination of eryataUlne 
■tmetnre We have already referred to tha case of the 
rnckaaH aeries bnt we may loA at It a little more 
cloacly In order to show tbs proesdare of cryatal 
analysis 

rhe redeetloa of a peaell o< bomofaieoas vya by a 
wt of eryataUlne ptaMe ocenra aa abeedy aold at a 
eerlea of angles regnlarly Increaring giving as wa aiy 
spectra of the Arst, laeoDd third orders and so oa 
When the trianee are aQ exactly aUke and equally 
spaced the IntBriUea at tte spectra daereasa rmpldlr oa 
we prooaad to blgtiar ordeiw aeeardliii to a law not yat 
fully exidalnad. nda Is, for exampla tta ease wltt the 
three most Impcriaat eats of planes of wivlw ttosa 
perpendicular to tbe cube edge the ttce dtafOMl and 
the cube diagmial roapeetlvely An oxamlaatloa of tte 
arrangement of tk« atooM In tte staple «Ala01 anay 


of iylvlna ahowa that foe oJl ttaaa asti tlia ploaas aza 
evenly qMuad and rimUar to Mdh otter It to to bs 
raatambarod ttat tte potaarinm atom and tte tiUorine 
atoat ate ao naezly egnal In walflit that they nay ba 
oonaldared affaettvely equal In the caoa of rednolt 
tbe same may ba said of the Arat two aeto of tfonaib bnt 
not of the ttltd The planea perpandlontor to the cnbe 
diagonal are all aqnaUy qiaeed bnt they are not aU of 
eqnal effect They contain altotnatoly dUoelaa atoms 
(atonlo Wright 806) only and sodtnm atoms (mtomlo 
weight 28) only Tbe effect of this InegiilatUy on tte 
Intensities of tte qieetra of different ordera Is to an 
hence tba aecond fernrth end so on In eompartoon with 
the Arst third, and Aftb The analogons ritoot In the 
case of the light to given by a grattog In wUrii tbe Hdm 
are alternately light end heavy A grating apeolally 
ruled for na at the Natlimal inq^eal Inbontoty shows 
this effect very well Thla dlflOrenoe batsreen tockmilt 
and lylvlne and It* explanation In tbto way oonatltnted 
an Important Unk In W Lawrence Bragg'a argnment as 
to their strnctnre 

When therefore we are observing tte leOeetloii* In 
Ihe different faces of a crystal In order to obtain data 
for the determination uf It* stiuctore we have more 
than the valnea of the angles of n Aectlon to help oa 
we have also varlaUone of the lolatlve Intonritta of 
tho apectn In tbe eaoe Jnat described we have on ex 
ample of the effect prodneod by wrant of oiniUarlty 
between the i lanes, which ore however nnlfermly 
apaced 

In the diamond on the other hand we have an exam 
I le < f an effect dne to a peculiar amagement of planes 
which are otlurwlaa similar rhe diamond ciystaUisee 
In the f m fa tetrahodron When any of the four 
faces of such a Agnre la need to redact X raya It Is 
fnnnd that the second older apectrnm la mlaalng The 
analogons it Ural eflhet can be obtained by rnUng a 
^rating ao that as compared with a regular grating of 
Ihe uanal kind the drat end second Afth and sixth 
ninth and tenth aloie are diawn To put It another 
way two arc drawn two left ont two drawn two left 

lit and 80 on The National Pbyaliml Labontoiy baa 
I lied a aitcdal kratlng of this kind also tor na and tte 
I tract is obi Iona Tbe c rrcapondlng Infi^micc la the 
I ISC of tho diamond la that tha pience parallel to any 
t Irahednl face are apoced In Ihe same way aa the lines 
•r Ihe grating Fvory plane la three time* oa tar from 
Its neighbor on one aide as from Its neighbor on the 
ilher There Is only one wav lo anango the carbon 
at ma f the cnatal ao that thla may be true Bverj 
Ht m la at Ihe center of a regnlor ttinbedron composed 

t its four nearest ndghbora an arrangement best reel 
Ired by the aid >t a model It la a boadflfnllv simple 

nd nnifonn arrungiment and It la no matter of siir 
I rise that the airometry of the diamond la of ao high 
in ordci Perhaps we mai aee alao in the perfect sym 
melrv and conacnaeiit rffirtlvcuiu of tbe forces which 
I lad each atom li lla pjacc an cxplanatlnn of the bard 
I s8 of Ihe crystal 

Hi n tbea wo have an ixan i le of the way In wblih 
lecullarltica of spacing oai U detectod There are 
other oryetala In which want of nnlformlty both In the 
spactnga and In Iho effective lalne of the planea com 
I Ine to give caaca still more rompllealed Of these are 
Iron pyrites calclte qoartr and many otters It would 
take too long to explain In detail the method by which 
tbe strnetuns of a large number of cryetals have al 
rondv been determined Tet the work done already Is 
only a fragment of the whole and It wlU take no denbt 
many icnra even though onr methodi Improve aa we go 
on before the stmetnrae of the most complloatod erys 
lala are laUafactorily determined. 

On this ride then we see tte beginning of a now 
crvaUIlognpby wUch tbongh It draws freely on tte 
knowledge of tbe old yet bnlldi on ■ draier fonndatloii 
since it concerns Itself with the actual arrangement of 
the atom! rather than the cjtward form of tte eryetol 
Itself We ran compare with the Intwnal arrangHBCBta 
we have now dlseovered tha external fonas ittMi crys 
tala aeanme In growth and the modes In which they 
tend to coma apart nnder the action of erivanti and 
other agente By riwsrlnf Bow atoma arraiifc and dto- 
arrange tbamarivia under tonnmemble vartoUena of 
ctrcumatancee sre must gain knowladga at tba natnre 
and play of the toroea that bind the atoms toffuthar 

Tb^ is yet a third dlreetlon In whtdi Inqulfy may 
ba made thowtt as yat we ate only at tte beglnnlnff ril 
It In tte leotlon ]nst eoBridarsd w* have ttoagbt of 
tte atoma ae at rest But ttv ore aetoaUy In SHtteo 
and tta poritioa of an atom to wliltt wo have ratmed 
so traqnantly nmat be an average poatttoo aboot srhtoh 
It to In ootMtaut movemeBt Sfaioe tte atoma ate aever 
osaeUy to ttrir ptaoea, the pnetoloh at tba jotat aeooa 
on whidt the teOeotion riteet dependi gnQan matoitoUr 
The eSeet to greater tte higher the erder of the epee- 
trnm Whes the ciyatal under exemlnettoti to een 
tehtod wlthlo a enltakto etoetrlo famaoe aad tte etoen 
Tthcato men Ttotogdr ammdh the rtoi eff totopeeetue. 
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tbe IntendtlH ot all ortai rttwInW i, bnt tbOM of pantnre tbo (pv-liig between tbc plauee Inemwee end ■« to Htomlc and molecular foroee and aa to the 
lilgber order aneli nun than tlioM of bnrar Tba effMt tbe anilee of redottun dlmltdab au effect rendlly ob diKree to which thermal enerky la lo(lie<l up In the 
waa fbnaeea by tha Dntdi phyilelat DabUe and tba -Nsirtd la practice at mu motluna 

a aotin t of It waa actually oalcnlatad by Mm on certain Ihls part of the work clvea Information rcNitecIliiK Ihla hrkf aketeb i f tin puhxm of the new adenct 
aiMimptionn I bare found aperlnwntal reaulta In gem the mnvemenU of the ntoma from their Plata, tha pio- In certain dlrcctlniM b. all that th poaslble In the abort 
eral accord with tbU fonn ula In pnaalng It may be ccdlnR reapectlnK their average posltlona It la aurt lime of a alnale Icrtuu lul It uih\ Ker\t to gt»e aome 
fflcntianMl that aa the cryatal aspanda with rlae of tern like the other to he ot much aaalatBncc In the Inqnlr} Idea of 11m faadnatlun and poealbimiwi 


The Geology of the Yellowstone National Park 

A Sinking Topographical Structure and a Complete Geological Problem 

Uy Carl Hawo Bultuaii 

In the year 1872 ( ongrenaetamdeatnu-toriand mthe there are evidenma of plant lift boned undtr iUX) feet minntea for s |<ruHl f ali ut 1 miuuloa ahmiting ibi 

the narthwMtoonier of Wyoming for th( ben^tof man- jf tolcantc matonal water column aid! fir 12'i or men feet and haa kept 

kmd and tbo proaervalion of the natural wondus of th» In Tcrtiarv tmiee lh<n ik auppoetd to bate existed a to ite achedulemiut ita diiHnvir> m 1N70 OoeRtolugikt 

oountry Ttua ber ame known oa tht Yc Uoaatone Na Iutri volcano named tho Shennan and of which Mount haa oetimated its flow at d DUO barrels per enipuon 

doDoI Park and waa the flwt tract thus ai t aside for thu Washburn is a mom noont oratir the burstuig forth of Although the park s soli an les are cxtim t the steam 
purpose It tnoludot sonu 1340 square miles but in which oaueed the dastmetion of the ongmal aratu of fountama which still exist are dopmdent upon the heated 
relation to the whole of Wyoming it appears on the map the older volcano Recent eruptions and eroaioiu have km Icm and gases far belew the surface which raise the 
as a muiplaoed postage stamp whu h like many stamps so destroyed the early voloMiu flosrs that it is difficult temperaturo of the pen olating surfsr e waters under great 
overlaps the letter by extending a little way Into both to identify the ancient andesitic lava whioh waa after prmsuN and cause them to return to the mirfarn with 
Montana and Idaho Following the prueedont thus os- wards submeigcd by immenae quantities of rhyolite ti> tramondous energy ofUn bunling out in fountains of 
taUished 40 years ago Congress has ouce estahlishod a thickness of nearly 8 600 feet In tact nothing else hoUwater and steam Other theories aa to the origin 
eleven smaller parks in vsnoui plates where the public remains to be seen but rhyolitie rock exetpt the minoml of iioysora have been advanced that they are uaused by 
might find recreation and where tho wonders ut nalur* sjinTiii dupouta and the remains of the early crater nm chimicsl action or burning coal bnt of late suontists 
therein might ho preserved from dnaecratiun on Mount Washburn Another source of tho rhyebto have shown that geysers and hot-water springs arc onlv 

From the point of view of tlu goologist Yillowstono fl iws m supposed to have been Mount Slundan in the found in ngions where voliamc rook abounds and the 
Pwk Is in a way unique Its central plateau with tUi southirn part of tlie rraervatioo whuh towers to a ginenl lonriiision points out that the steam source is 
adjacent mountains presents a sharply dellned regiim height of Ifl 1S6 feet and oflera a rinmrkahle vuw of the still hot lava dorp within the earth 
eontnsting with the remamdi r of the n irthcm Rocky the \ ibanic ngion strutching aerass the |uirk from east The amending steam and hot-water havi caused great 
Mountains a stnkiiig pioi< of topograiihiial stnuturo ti west the <btp gorges of the Ycliowslonn Gibbon gnologiial thangos in tho surfatn rooks through which 
and a eomplete geologioal problem 1 hi central portion and Madison Riven have not wtrn through this tnnieii they have passed ss may I» seen at many points in 
oonsuti of a broad elevated irregular plateau uf volcanit dous thickness i f rock and only in tho Grand t anyon I hi pork espo uUlv m tht (irand Canyon of the Yellow 
ongln aome 40 milee square (xtcndiug letwitu 7000 of the Yellowstone are the anoioDt andHkilic brcceias st>nc when the walls aro i ilortd for throe miles below 
and M 600 feet above sea lectl and surrounded on th« exposed henoath the rhyohUs whih nowlcro are the the Lower Fallii by this wtion Fully 1 000 feet of the 

north northwest south oast and northeast by mountain sedimentary bods levealod Ihe central plateau in wall from tlie brink to the wattr below is dcoompostd 

tangos die peaks and highi st points of whu h extend up cludra the flnist oxaoiphs of struotural forms orystal rhyolite varying in hue through orange red pur|d( and 
word hke a gigantic wall tr r 2 000 to 4 000 feet men liration and mode of ongin of omdu lavas varying from yellow Hero too tlie ancient steam vents may be 

lost aouth of tho pmk. the Ictons thi highest and a neartv hotoorystallme rook to pure volcanic glass that lUkcned while at tho bottim of tho nanyon there are 

grandest peaks Ui the nortbom Rocky Mountains stand can lie found in the world steam vents h it springs and fumarolib which an. still 

out iwaminently but imlv the outlying spurs omc within tallowing the rhyobte eniption there came a period active 

tbe liimts of the puk proper Fhesu mountains an f faulting and displacement succeeded hy eruptions Besides enahlmg the scientist to study the old vents 
oomposod mostly of onarsi crystalluiegmisaesatul shists ofliasalt which however depoMted but a thin layer over and the disnolmtion uf the walls the Grand (an von 
prolNvbly of Archcan ago abnttc d on the uortbern spurs tho rbvohte and did prat lically nothing 11 cliange the iffers a tine example of etoiuon ■ • nductod on an immense 
by uptonied Ihdeosuio strata physv daspoctcftlH csiuntry The glacial actma which sale within recent gisilciginal tunm and its course was 

On the eastewn edge of the jiark the Absaroka Range soon ooeumd neverthelisu carved out the early drain ehviimsly detormimd by tb* easily eroded decomposed 
stretehe s from tbs north to the siutb wlareit cemnevti ogochanoels out geiigos into the rhyohto lava ancisbaped ro ks caused by tho asmmling steam and hot-water 
with the northern ond uf tho 'Wind River Range Fur tin taovolCBneMsietothoirprosiatfonn Tracosof the mentioned abivc Tbc two falls uf the Yelluwktone 
moro than 80 miles this rango prest nts a bold unbroki n ancient gla< lore an to be found marly every white ispe- offur another feature of intercet 11 tho student smeothoy 
bamir aloug the oastern side of the park its highest cially m the so\ eral mountam ranges while in the 1 ctons present a graphie example of the w i atmg effee t of water 
peaks toweniiK 10000 iir II 000 fiet idoft there exist to-day gbuiers eharaotcruilii eif tho aneiint upon the rocky walls and bed Ihe Iinwer Falls are 

At the northeastern eonicr of the park an irrciular moss grand system which extended over the entire platiau the larger being 308 foot in shwr drop 
of mouatoins joins the Absarokos with tbc Snowy Rmuch Fnsoon oontinued the work of the glocic re in reraodelmi. The Mammoth Hot Spnngs are IneaUd 4 miles south 
whii h forms the northom boundary of th* tesorvatiou the park surface and thui ooti >n has earved sinco that of the northern pork entrantt at Oardmor and hire also 
with ita rough snow-oovered elevations The reeks time the deep gorges, of tlu* Madison (libhun and Yellow is situated tho hotel uf that name together with the army 
of the southern alopos of the Snowy Range whiohexUnd siine iiveni ventohls oanyuns rut to a depth c f nearl} post Southwest of the hotd is lime ■< M luiitain an 
into the pork are oomposed mainly of granite gnenss i wo feet and sevirol mika in length outlying ndgi ot the rhvolite plateau whi h is eovered 

and ahist, while their sodfanentary beds belong to the Mue h ovideiice of tho great glacial ae ti n is still at with thi k bods of tncvortim deposited by the hot water 
piwA arntman sorlee hand the valkyofthoIowerYeUowatoneRivrrisstrewn m the form ot terretos trim winch the miuntoin div- 

Knelasiiig the pork em tho northw spru eonur bes with tnIcs brought by th* abn-ier from both the east nvos its name Tbe deposits of the hot springs at Ibis 
the Oallatm Range sc pantod from tho Snowy Range and west bordare of the pork One example of the pine euro far diffi rent fr >m Ihoee up in the plateau Hire 
cm the ease by the volley of Ihe Yellowstone River It tremendous force of tho i<e floes of the early turns u. a they are luarly pure travertine with treces of silica 
IS a beautiful mountain range prownling divorsiflnd great granite bowlder (about 20 feet in diameter) Vrought analy sc s indie ale about 07 per cent rale turn larbimale 
forma os well aa varied geological problems Its crown down and dopeisiteid on tho brmk of tlio Grand ( anyon while on thi plateau the greater port of the deposits are 
ing glory Blootnn Foak 11100 feet in height and It is oomplitdy isolated from its fellows and quite JO uf siliiiouci sinter called goysenU Thu vanatinn 
inoidentally the tolUwt peak lo thu regum gets its name miles from wbm it must have been traniiportc d The is cm sc count of the foot that the Mamniuth bpnngs are 
tram the magnetao disturbances duoovered by the first glooiol action took place mnee tbe travertine dipoeite formed by stoam ooming up from for bolow thrmgb the 
ezploren to carry lurveying instrumente up its slopes of the hot springs wers formed Thu u shown eeperully water uf the Mcnuzoio strata the ( retaoeous hmeatones 
Aw important part of tbe Gallatra Range u formed of at Terrace Mountain near tbe Mammotb Hut bpnngs furnuhing the limo held in soluti m and deposited on the 
Arahean gnetsnrs covered with a senes ot lunestone where the travertine oovenng the rhyobtc plateau is surface as travertine while the mineral oonstituentu of 
sandstone and shale beds both of the PaleoxiHC and strewn with gUenol bowlders brought from the Gallatm tho plateau waters ore denved mainly from highly ae idle 
Mesoeoie etas, ropreaenlmg Cambrian Silurian Devon Range some 16 miles away uuboating that the traverttne lavas earryiiig only a small portum of lime 
lan f arbontftrona, Tnaamo Juraraio and Cretaceous u older than tba glacier The terraoes of the MommHh Hot Spnnga prose ut the 

petioda large-— of iptrunye roeka duaely allied Probably the most mtereating feature of the park ti>- appoaranoe of banks of lee and snow with irregular 

with tbe aedimantaiy beds have token an important part day is the senes otbot-aratn-fountains orgeysers whioh basins of water m their ghmnunng stepped temeee 
In enatiiig the present struotural fwturea of thu range oewor m three prim iple localities Nnms Lower and Among the important onib are Minerva Cleopatra Hy- 
Thay ate of the andesitM typo and oover a broad range Upper Basins and laolude 10 21 and 46 geysen reapeet- men Pulpit Jupitor and Mound Temoes while tbe 
it miiuml oomposilion moluding pyroxene, hornblende irely The lint group u loewted on the Oibbun Canyon spnngs ahii2i flow into and over them aro named JupiU r 
and hornblende-mioa Rood about 20 mUeseoutb of tbe Mammoth Hot Springs Diana Palcth Naiad and others 1 be ooloring of th* 

The ganwwl r^ion of the pork was at one time sub- Tho second about 20 milse farther to the south near the spnng iraU re here u marvelous m its hannunv and 
jaeted to sevm dynamio actum which offeoted all the Fountian Hotel, Is 7 240 feet in oltitud* and largest of brilliant tints end u due to Algae whie h grow in he i 
xaigaa at about the «»»"« time, and probably oeeumd the thrw basins bnt its individual geysen are scattered water up to a tomperature of about 186 deg Fahr 
durfaig tbalottar portof theCretaoeoni period although over a eonsulenble area and not as available tot m- Many of the springs present tbe appeerancHi of boding 
tha work of mountain bmldxng seems to have eontinui>d speotum The 'Upper Basm offers the most interesting caldrons ot water although thu u not the ease the 
into tbe Middle Tertiary paiod Duimg the Utter and largeat fountains The Giant Oevser which plays bubbles bung formed by oscapiiig earbonie-acid gas 
jifloj riif tit* park W»» V" **r by voleamo aetion every seven or twelve days for about an hour is the Ytllowstone Park wito its many geologieal tormatums 

vUeb oonttBUed th n iMir agtat through the Fliooene Urg^ of the park geysen dnee the Bxoelsior of the ita ancient vuloanoes lava flows hot springs and g yviiy. 
and hto the Qsnttmasy pmods AU sooh aetion hes Lower Beam ooasod to play m 1888 It shoots a stream presents a wonderful natural Uboratory tor tl e k«e>lngi>>l 
li j ag fisainfl hit **»* wM*kMremem offering of hot-wntfir and iteom to » beqtbt of hetwetn 200 and as wdl as th* chemist Its formation dat*' ba< k to that 

ntaih IntMWrtov liifunnatimi They compnse throe 260 feet Another famous geyser of thu basm u UId ottheientraltaldeUndoftheeunUiunt andjei hangci 
gwvt jip f if M-** roowodnd m et* andaiitat with bn- Faithful situated m the aouthenunoat part at an altitud* are stdl going im within Us liimta though not as aetivGy 

aaltt, yhyuHtaa, and baealta Probably the endewtia of 7,300 feet This geyser bos the reputation of mam as hotetofore which moke it an ever interestiiig probli ni 
V tha greatest pmodot tune antee taming n regular aehedule aa it pUyi every 00 or 76 tor the sonnUst 
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Purification of Water by the Ultra-Violet Rays* 

Principles Underlying tlit Most Recent System tor Destroying Germ Life 


It In a matter Lomoion knowledge nowadaye that 
the ultra violet raya have a atrong bactericidal power 
Within the loat few yeara thla power of annllUlatlng 
mlcroboa by ultra violet raya baa been applied for free 
ing water of germa and a new Indnatry haa apmng np 
which itodwea water puriflera that make nee of thla 
1 (w prtnUpIt to Btcrlllae water for drinking and oltiei 
I uri Nni An thla ayatem la being applied aaccMnfnm 
to large water planta. It U of Intoreat for the profea 
atonal water en^oer to be fully Informed on the priti 
ilplta underlying thla moot recent eyotem of water 
I nrlflcatlan. 

Ibe troatment of water by artificial light aourcea tor 
the luipoae of dihlru\lug Ita i,iru] lift lalPH back t 


I)y M soil Iteckliugluiusen, Ph D 

I Mueuuu of atrong light oonrcee we owe to kHueen who 
In hla tamoua light healing eetabitahment laid the foun 
latl( n of our modem knowledge of the ectlon of light 

^ i I I II I llllIHUIIIII 

kig 2 —Speclrum of quarti lemp and of aunllght 

1 germ life \a you will remimber the practical 
iiault of thla woik waa the Introduction of the light 
liLatment of ceitaln dlaeaaea by the klnaen lamp We 


dlatdy to tha con cl ualoa that nothing matt ba In the 
watM- to Interest the raya, that la to aay than moat 
not ba any aumeoded natter to the water to the 
ehadow of wbtah the gnm would be protected from the 
rayc emitted by tin lamp 

eoonoa or VLiaa violr lmbt 
fiactleally ovoy eooroe of light emlti oome tovlalUe 
ultra violet rays together with the vWble layi. lUe 
can be etndled by dlemlvlng tin light Into ita oompo- 
nrats by meens of n quarto ghua priam. Onr bonan 
eye will ere on encb a epeetnun tha well known 
ccdora of the rainbow It wUl not no the wave-Iangtha 
bolow the red nor tba wavelengtha beyond the violet 
however the latter can ba eaally demonstratad by cer 




big 3—tsrconda nceeiaary to Ull different typea of germa at 2M milhmetm from a qnarti lamp 
burning at M volta, S 5 amperea 


liowiM and Blunt (iNTh; Ibiy foui 1 that Uw aborter 
the wave bngtha of the tight the better the bactetUldal 
action and they weio corruU rated In thla later on by 
Uvelaus Arlolug Boux Oeloaler and otbeni We owe 
to Duclanx tbs theory that minllgbt la tbe must toinmoi 
end cbeopeet dlrinfeitant known 

Harshall Ward (188.) uimpleted these Importaut 
KtudIcB by aiwlyilm, the iffert of arc spectra thrown 
oil Infected agar platea whutver they were struck by 
tic let and partlcnlarly by ultraviolet rays they wen 
disinfected and did uot develop colonlee iiili Kngllab 
s I ntiet sterlUsed Ibamee water by pUcIng II In a 
tank equipped with a qumrli wlnd)w and eubmUting It 
f< the raya of an an lami Thla whs proposed again 
Inter on by lAmbert 

The flrsl complete analtHls f this bactericidal phe 

■ Paper nad before tbe America Wat r Worbe Aaeodatton 
Annual Couvei Uon at IlllaJelpll ail iilllHled In Im 



activity of 2M volt quarts lamp burning at dlf 
ftnat voltages by three meibods 
““dr poNltl n or Itrau of Oliver I k. o pontU t of 
■I I olble r ai nIbllaU n f bactartUB ooU. 


lud however t await the arrival of leally powerful 
N uicu of ultra violet rays before applying light prac¬ 
tically as a bactericidal agent for tbe inrlfieatlon of 
vntcr 

Thla new source of ultia violet rays was tbe mercury 
eic lamp built out of quart/ This mercury arc owes 
Its orlglii to the work of BIr Peter Cooper Hewitt 
iieuitliig in the weii known C ooper Hewitt Illuminating 
lamps When the ordluart glass of these lamps Is 
rcplgied Iv quarts glass thst Is to wy fused rock 
(rystal we obtain a contslner which allowe tbe greatest 
sm unt of tbe ultra violet rays produced by the mcr 
cury arc to le seut out from tbo lamp 

1 he flrst to pripose the ad ill n of the mercury arc 
for the lurlBeaUon of water was Do Mare Hla ater 
lllsei cooristed of a tamp around which the water Aowh 
In n dnniar i ith (Pig 1) Some years later slid 
iionily slmultaie uslt dlfferenl ways of (oustrnctlng 
wntir iterillrers with mercury lamps wen tried int 
and Ibis work has nwilled In the Installation of seteral 
Inig and very mniy small ultraviolet ray water 


mil iroiiertlcs they bavi. for example certain dye 
stuffs ahow u Ouorrerent color when struck by the ultra 
violet rays also many cbemluil and phyokal reoctlime 
will take place nnder the Inflnnice < f these nltra vkdet 
1IVH and pnve their preamie In tbe epsclrum thereby 
rhe artindal nonrcee if light which are riefaest In 
ultraviolet rays are the electric ares between metal 
11 srUodes tor lostance the Iron ere mercury en etc 
VII such ercing between metals la aecompenlod by dloto 
tigrstlon of thi nietabi themselves therefore tbe elec 
trjdis beve to be renewed from time to time In the 
case f men orv this renewing can be done in the elm 

I lest and easiest msnner nasulv by condensing the 
mercury eeraplng from tbe arc and trading the so cou 
densod mennry back to tbe eleclrods contained Of 
course tbe arc In this uwe has to be intloeed bramet 
bally In a container so as to avoid loss of mereiuy 
The nmtertal we choose for making this container must 
U cf lucb a quality that tbe deolrable rays are not held 

II thereby bnt on the contrary arc allowed to escape 
fmlv Thla material for llte arc r ntiincr li^ ftuied 
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It we consider the latter point find we come Inune- Bag haaa ou. Lrarer Affan AffpanMa e( Ntflaf. 
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rode OTotal, or more i^oporlr Kip r wii fl . fiwd qwuti. 

For a ilnB aaount of oloctilaal ttmtgj put Into tbla 
uc, niA a qoaita are lamp win attain a oortaln tan 
poiatDio dmandlnf npon Ita raffiaUng eapadtr tbHt U 
to say on it! ahapo and sarronnOlDga. We lure found 
that the amount of nltra rldet rs>t ptodoced by soeb 
a quarts lamp is oomldoiably more when ronnlng at a 
blgb tempontniih than whan It is run at a low tam 
peratnro Ttao prodnetton of ultra rloUt rays la time 
fore the moto eco nomi cal the blcber the temperature 
of the lamp This high temperature ie obtained by 
raising the roltage of the lamp (Fig 4) We are how 
erw limited to a certain temperature namely about 
800 dec Cent by the fact that quarts if mainUlned 
for a long time at a higher temperature will derltrlfy 
becoming thereby more or leas opaque to the \lidble and 
Inrlalble rays emitted from the arc la in a water 
Hterillier we naturally want to approach the lamp as 



Figa 8 aad 8 —Experimental apparataa used by 
the writer 


close as poatilble to the water we must bo careful to 
consider wlul bos just been eald sboot temperatnre and 
prevent the water from cooling the lumlnona part ren 
dering It therelq inofflclent In Its production at ultra 
slolet rays 

PHYaioM cuaiACTBSianoa or iLiaAMocai uout 
Itae elber vlbralloii can be distributed In four groups 
according to tbilr waie lengths namely (1) the dec 
tni rnya (^) the Infrared rajs (3) the tavs of the 
sMblp spectrum (4) the ultra vinht rays 
Between the Inst electric mis und the flrst liifm icd 
m}8 exists jirolisbl) a xioup of still unknown tjnallUeH 
All these ia>b trascl at the same siieed nameh 300000 
kllomoters per aocoud Xhe wave leiigtha an ai follows 
1 idectric waves (ITerta 188H) from neieial Ulo 
meters down to 1 mllUmeleis 
3 liifm red rays (Ilerachel 1800) from 100 dowu to 
OT8 m' 

3 Visible rays (Newton 1000) from OTOs diwii to 
04 Um 

4 1 Itin dolit ra\s (Illttpr ISOJ) from 04(h> down 
to 010s 

We aie iiileresttd li day In that last named group 
number 4 namely the ultraviolet rsvs shosa upper 
limit la more or leas vague (Klg J) It Is Bomettanes 
placed at OSOOOs bowevor even shorter wstes con be 
noticed by tbe eye alttaongb not directly but only br 
the fact that the cryetalllne In our eyes b( comes lluor 
enrent giving thereby Irapiesslon of gray on tbe retina 
If people IberefOte bave aometlmes thought they were 
able lo nee ultra violet raya they rcallv mly saw theli 
own crystalline lb( lower limit of Olds of the ultra 
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in» ItoUrn MpsriaMUl appaiwtus derigued 


violet raya was obtained by Bcbnmann and Lyman by 
norUng In vacuum with flnorspar prisms. However 
thfse very short wave lengths do not come into consid 
emtlon In onr ease because a few mllUnieten of air 
absorb eomplettlv tbe wave-lengths below OlOOs and 
several centtmeleis of air abooib tbe wavelengths 
below 0180Qs Severs! kHometers of air absorb tbe 
ultraviolet fren 02843^ down This wsve-lengtb Is 
tbersfore the shortest of the suns waves leaching lur 
eye and tharefora the nltra violet contained In the snn s 
raya are only the wave-lengths between 0 IQs and 
02B48g 

Quarts the only material whldi we uu apply for our 
lamps absorbs pracUoally everything below O^Og 
therefore we may say that from the ultra violet rav 
ifllclency imlnt of view It does not mailer very muili 
whetber a quarts lamp Is surrounded by a thin lavcr 
of air or by vacuum Glais abeorlM ultra violet rays to 
nn enormous extent, as msy be seen from tbe fact tbst 
the bactericidal power of a quarts lamp Is cut dow n to 
1/1 000 If the lamp la surrounded by a glam tnbe 
BscRurmAi. Mwaa or ucTaavtoirr iavs 

It waa of intersat to see whether dlffennt microbes 
bad different reslstlvltlee against nltra vtelet rays in 
the same way that they are different against dlsln 
tietantn and heat, snd we come to the astonishing rasnlt 
that they do not vary anything like as much For 
Instance sporea are often twenty timea ns roolatant os 
the nnprotected forms of germs against chemicals We 
dud that aome are only IS to 0 tlm« aa resistant 
n gainst ultra violet light os ordinarily nnprotected 
water buiterla The table on page 10 (Fig V shows a 

II inpoilson of different tviies of germs In IhiJr reslstlv 

III In each case under slmtlar conditlonB enltures were 
nisdt and tbe free genus put In elesr water care being 
tski n however to avoid clnmiM nt bacteria and also to 
I void the presence of the nourishing medlnm for itbcr 
nisi the verms would have been protecteil ro rt or less 
iiMilust tbe revs 

It has oometlmea botn thought that the baeterlddal 
adlnn of the ultraviolet rays was due to a -ouall 
iim uni of hydrogen peroxide which Indeed firmi- 
llself hv the exposure of water lo the ultra vlohl ravs 
Howiver this formation Is ae mlnule that It Is barelv 
ni tleeablc after ten hours exposure of the water and 
we fan surely say that Ihc baiterlddnl effect Is m t due 
to the acti ui of Ibi so fornH.d dlslufectant hut Is a 
spedfle tvptoni aeltou of the ultraviolet rays on the 
kerm It Is i ot Illilv Ihst Iv the sdlou of the riys 
during suih a sb it piil d thi entln beeteiia sli aid 
lie ebemlcaUv diangid e akuhilid ir olberwlso m dl 
Bed bnt It is more probable that some feiment ir 
similar prodnft unlalntd In ttu lell Is modified hv the 
rays and thereby lu Isons the svsttm of the coll 

We have often been askeil whether the kerms all nek 
bv the light mav n I lie slinpiv stunned and mav snr 
vivo again nfterwiiiils In answer to this I will sav 
that Ibe methods of mnkliig the counts In 1 unn would 
enable one to find out whether there Is snv nvlvlng 
Ihise coiinia extended over a period f nsimlly fifteen 
days and never have shown nnv linllentlnn ot revival 
qt AtixrroyirTBY or iitba vioirr svia 

The Inrolnons power of light aourcis Is usnallv mens 
ured by comparing them vvKh stand ti 1 I mps The 
moment that the light one wants to measure haa a color 
different from the standard bimp great dlflkultii s ailsc 
based on the tact that we do lot really compare tbe 
two lamps physically but only idiyslolugically 

The dlllIcnItT of determining the ultm vfotrt candle 
power of a lamp la Ikr greater again as wo ire not 
sensible to these raya at all To get some Idea of tbe 
strength of ultra v Inlet source we bave therefore to 
create new means and nnita of comparison Manv dif 
foient ehemleals and pbymlcal reactions take place In 
the ultra violet light One mav tberefore base a mean 
ure of the ultra violet candle-power on tbe speed and 
strength of such a reaction Tbe most typical and most 
convenient rmettoo of this kind bi Ibe blackening of 
pbotngraphic paper We have fonnd that s merenrv 
quarts lamp will blacken paper about four timi s as 
quick as the same lamp screened behind a glass plate 
An oidlnBiT sensitometeT can tie bnilt embodying this 
principle. Another reeetlon of the nltra vbtlet raya mav 
be considered by comparing tbe amnnnt of fluo eacencr 
prodooed by the lampe but both of these methods of 
mMsurlng will only allow us to compare light sources 
of similar compoaltloa They do not give ui what Is 
teallv most tntcreetlng for us nsmelv a mea rare of the 
bacteHcUal poteer ot a lamp and we therefore thought 
It best to admit a real btahigle test for the measure of 
tbe abiotic strength of quortr lamps There remains 
therefore nothing for us to do but to establish a stand 
atd ainirce of ultra violet that Is to sav a laboratory 
etandard co m poaed of a certain lamp wblcb la so kept 
that It If moat unhkelv to ebante In candle-power and 
compare the nellon of this lamp witb tls> action ot the 
lamp ona wants to monsun on tme and the same ml 
tuna of lenna. The way wt preoasd te ns follows We 


make a ■ ulture of paramecleB wMcb are very a lmll a r in 
ihLlr sinidtlvltv to ultra vlolat rays as ordinary water 
I actrrln Aa a matter of foct tbey will stand about six 
times the exposure that baettrium coll will ataad. u 
1 Ig S shows 

Jhe sejialtlvlty of such a culture Is determined by 
I \| oiduL a drop of It at i dellued distance from the 
lalsratnrv standard luaiu lamp Another drop of It la 



I igK II snd 12 — lypiral apparatus that stirs 
walir biing trealid briwten successive lllumiiiB 


(\| sell at Ihe sim INIanct I > thi lamp one wauts to 
mi isnre oud thi Ilni nisissaiy for blllliig gives tbk 
lidicatlou ot Ihi lelullve value of ultraviolet Candle 
liovier lAe I i\i U stii imrsmnlSH because they are 
insllv obseivi 1 m hi a mhiiMiiie having a rather 
vlnlint motliu whih alive (ml naturally no motion 
when dead Afiw IservatlonH will therefore give DS 
within a fi w mil ulis a dcfinlti lili a f the bactericidal 
powir one wanla lo measure 
1 may say that we have chcs.kcd llguns so obtained 
with llie effect on • II cultiiies and can sei thi rehv Ibat 
wc haw a fairlv Hsfo piociss f r ditirmliilng by lom 
pnrison the ultra vlvlit candle lower if a lamp 
Wttb all that wl may sav Uial tbe uilhui on photo 
ki iphic papers Is In most inses a precise iiinugh Indl 
intlm ot the ultra vlolit candle power as may be seen 
from Fig 4 

It Is natural Ibat thi elmlrlc cbaracterlstlci ot the 
liuifh fir thesi measures are cheeked up bv the usual 
elistilcal InstrumenN Indluilliig tbo am[ienike and volt 
ir,e >f tbi lump 

nrvKiiHuikT or inr siuiuziso aipabatur 
1 lie cxperlmciitH w e made at tbe Sirbonne labonloiy 
IS well ns the txpirlments ot otbirs working In tbla 
n III were started bv exposing polluted water In con 
I li ni t > the Ilkht of the quartr lamps Ttaeee expert 
iiieiits albwed us to get dita for the construction of 
sliilllaliig appaiatns where the natir was elicolatlnf 
I iillnnallv through the lllumliiited bodo 
As ivsmpIeH fi r the simplest f rm of apparntua 1 will 
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Figs n and 14 —Shovnag pfaUel lamp applied 
to flumes 
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III III! II the iterillxtog tank wbicb we need In oar pn- 
lliiiliiiu ixiiprimenla (Fig 0) and Nogler (Fig 7) and 
III (jii irlxIatniHii (lettrllscbaft (Fig (1) In all of 
IIIH xiarlniriils the water waa almpl; piaaed in a 
iiiiUli II w uuliiunth or aionud the imurce of tbe 
iillin ilolit light l\c f und thi reaulta with tbia type 
r I jiaratiiH ti Im lrnt,ular and came to tbe condu 
il I that IhN niiH dne tu the fad that the water 
ilrh ugh char hllll rontnliiMl hi me mlcroocoplc ana- 
III III matter whkh whin Ihi water waa flowing 
sliHiglit woull ill w mlirilHM lu be Hhlolded 

\li thmfore uiialderrd It adiantageona to topoee 

I hi watir a accond and third time to the light after 
liHili g MIrred It between lllamliuitluna In thla way we 

xiiertiil lo turn o\or auch mlcroacopk portlelea and 
havi tlim therefon. expoaed on all aldee to tbe action 
r ih> Innipa A typical caic of anch apparatna waa 
iiBcil b> nH In ixierlmenta at the Horbonne, and la 
Hhown In Ihi iliHlgn Riga 8 and 9 The water In a 
Nlmllar an iiiilim of eonalderablT lan,er ilie (Fig 10) 
flowed tlir uxli f nr Illuminated ronea and atlrred Itaelf 
up thioukh ItH H w iinmnd tbe benda of the canal be 
tween Ihi Inmiii iin / iiiea The reaulta were jlij aatla 
factor} HH Ml Hill d aterllloatlin from about 6000 
kcrma per mill iiillmilir down to leoa than 10 per 
cubic cintlnieli i the i iiHiiroptliin of electilc energy fir 
the lampH belni, at the rate of 144 kilowatt hoim per 
million gBilonH IIk aubmlttlng of tbe water to aucieH 
alve Illuminati iih and atlrrlng up during lUamlnallon 
ran alao be doiii with a aingle lamp by so aimugtug 
baffles that tbi water la ltd aeviral times toward and 
aaray from tbe aoniee of the light (FIga H and 0) 
Typical apparatna of this kind li shown In the B2 (Fig 
11) and Ld (Ilk 12) appaiatuOi Tba former appa 
ratna H2 tjpe uam only perhaps one fourth of tbe light 
emitted by the lamp Tlowcier the apparatus la eaa} 
to handle and of a email tlK 
Tbe 01 anioratni was conatrueted In a aomawhat dlf 
fereiit wav with a view of using a greater proportion 
of nitra tlultl Die lamp waa piolecled from contact 
with tbe watoi bv tnaertlng It Into a chamber fitted 
with quarts wliiduwa whhh eh imlier waa sobmerged In 
tha tank coutaliibic tbe wntir Ihroi contacta of the 
water with tbe light are olilnliied In this apparatna 
It waa desired to m i iiihtriiil tbe lampn that praitl 
cBlIy all thetr light could enlir liitn the water and exert 
Its atoiUlalng action Ihi w mlled pistol lamps which 
have a Uabapod lumliii iih tnU (Fig 16) allow thbi to 
be reallaed the IiimlnuuH port being Inatrled Into quarts 
tubea which pniteit them tiom contact with (he water 
(tlfpi 13 and 1-1) Much platol lamp cquIpmeiitH tan be 
Inserted InU flimiea tbrougb which the water flows and 
give the water seurul sncceealTe UlumluatloDs (Flge 

II 14) The uneasaii stirring action In the wntir la 
obtained bv iwRIe plates placed In tin lamp axle 
whereby fairly it Hint stirring la taking place mai the 
lamp 

The larkeat bimp unit made so far Ih tin 6lX)-iiiM 
amperes platol lamp and a msalmum number of ten 
inch lamps an liuniUd Into a alngle flume 

\B to the ill plh of the water In aterlllalug apparatus 
the II III Hill the bCHt will be ii lery great depth of tbe 
watir We have obsiried strong bactericidal actlan 
11 til through three feet of water the ratio being prac- 
tlially as ninv be expected Inveroely aa the wiiian of 
thi distance that la to any fbr Inatanee one ninth of 
Imetericldal action at three llmee tho dlatnnce Cilcn 
1 illon and practice havi ahown lu that it la good to 
I luvldo If p oslhlc two fiet depth of watir In larger 
iiliparatna Of counto lu appsratua working with watir 
wlilih la blghli colored thla diptb may be reduced hn 
llierwlac It would make tbe apimralUH unneceiwarll) 
inmliminne 

Ihe whole ayatem having been de\eloped abroad It Is 
Illy naturnl that there are ooiulderably more such 
li siiillatlona in Fnrope than in this country itmall 
h Miiill III iiH are used for producing water for drinking 
nil I siirgliul piiriKops In boapltala, acbools stc also for 
I itllliig pnrpoBiK the flrat Urge InatallatliD of a ft 
npi II tins (rati of 160000 galloui per dai) baa been 
running nIiioi hiiimhor 1010 In a aubuih of Roaeu 
Ihe higlinlc nsuits fr m this plant are ten satlstac- 
tin tnh Id In ilii distplei fed with Ihi water from 
this I Iniit being evlliicl wblle it exists still In the sur 
iiuiiiltaig illstrl Is which lus slmlbtr water without 
ultraviolet rai luilflcntlon 
A plant wllh ronr 220« >lt i latol lamia boa been mn 
nitig for o\er ii lenr lu Halnt Malo aterlUalng the water 
at a rate of 7VI0O0 gallons per twenty four hours 
Many (.1 on intns are running in I ranee, In aome 
iiiMsi tw I biliih mil In seilcs, with alwaya very gratis 
Ii g veealla Ihr largest sterillriug unit composed of a 
diiui with I I 'lUOiolt pistol limps Is atcrlllaUig the 
wfUrfortbi li\ of I nncvUIe franca (Fig 16) ThU 
Hiipply conalsls if iflOOOOO gallons of rlier water and 
776000 gatlone of spring water Tha water in thU eaaei 
which In Ita raw state In cxtrenely anddy and rich In 
colloidal matter Is altered throngh a rough and alow 


Miiid Alter without the addition of eoagnUata, at a rata 
of about 7000000 gallona per acM In ease of a Uolot 
leal nitration thU type of water would have to be 
fliti led at the rate of 2flOOOOO gallona pa acre 

nn Bceoant of aome tnrbldlty and alio an ottan deep 
lohr of tbe filtered water (op to 40 U 8 aUndard) 
(Ilia plant has an exceedingly high current oonaumptlon 
iiimil) ISO kilowatt boors per million gallona, daring 
lu St of the Uma two thirds of this consumption would 
11 ample 

1 he first appllaation of the ultra vUlot ray ayatem tor 
Hti rillring water on a large aeale lu tbU conutiy waa 



HtHitid nsmntly In New York where tht water of a 
Mwlmmlng pool la cuutlnually being lirculated thiungh 
II rapid filter and a aterilising flume equipped with two 
-20 volt pistoi Umpa the flow belug about 6 000 gallona 


Aa mentioned In the tbeorttical part the ultra vltdat 
rays moat be able to strike the microbe where any 
snapendod matter la Interposed the bactericidal action 
cannot take pUce becanae the microbe la la tbe shadow 
It la certain therefore that only clear water oan be 
iubmlttod to tbe ultra violet ray treatment for Ita atar 
lUiatlon That la to wy In most caiea It la neceaoary 
to Alter the water before thi name la tubmltted to the 
notion of the Umpa \a colur In aolnUon will tbaorb 
nitra violet rays to a cerUln extant It U ivldently bet 
ter to also free tbe water from coloring material before 
aubmlttlng It lo the laia 

Tbe question of anspended mattar In tbe water U of 
somewhat greater Imporunce BomeUmaa water with 
little Boopended matter may be more dlfflcuU to aterlUae 
than water with far more anapended matter Tbe rea 
•on for thU U that It will dapt nd not only on the rise 
and quantity of the suspeDded matter but also on Ita 
Ucdoglcal quality That is to say anspeualoiui of purely 
mineral nature which do not Imltiee any microbes and 
to which few micrubea are attaihed handicap the iter 
lllsatlan of the water very much less than anapended 
IM rill lea In similar water whleb are heavily oovared 
altb mleribw and perilmlorlv au If mlerubee are 
tiKloaed In these iiertlclis bisaaae It Is tlun moat Ukeli 


Fig 16,^terilirinf apparstoa at Lanevllle, 
Fraaee, la which ten idatel SM valt Umpa apwate 
oa one 1,6M 6M gallm water a day. 


that a repeated expoenre to tbe rays will be neciiary 
11 penetrate to tba incloeed genu Ufa 
If the suapended matter la of amaUer alae than tbe 
germs like colloidal cUy we expect sudi tnrbldlty to 
act more or leea Hke oolor In solution demanding aim 
ply more lllnmlnaUon than clear water ExperimmUa 
made allh one of the B2 apparatna on water ahowlng 
up to 90 tnrlildlty aeem to prove that auefa line tnrbldlty 
duee nut handicap aterUUatloD very much 
from the eronomleal point of view the condition In 
Mhleh the water U submitted to tho lays U evidaBtly 
of great fanportonea for tbe uUra vldot rays sterllUa- 
tlon aratWB Physleally Iteal watgr, that Is to any, 
water without aopMidad matter, t arW ly of oolor, wOl 
need very Utllo power la ultrmvtoiet taya to heenas 
ateriU In Urge plants BO kOowatt hon pai' ariUta 
gaUena wlU pr o dnea a gnat ooi r daaa la attni vtolat 


uimiup iaatalUthaia sn »<«*»« tii iilinrad nasally wtlli 
ehaceoal or paper dUgn. U Utga pUnta natntaUy tba 
Alter qnoetlOB la an andfaMartng pieporitlon, no U lha 
qnaatloa of oboloi between mechanical and sand mtera 
It ssaBM that If tha Utter are choaen they oan ha 
ipeedad up to a gnat extent aa agatmt the opeed for 
UologIcBl mtratlon and atUI giva a phyatenUy pme 
enough wator for ultraviolet ray treatment aa for 
example tha LnnevlUe plant where the wator U filtered 
piaeUoaUy at three tlmas the rate of biological flltra 
lion tm that parthmUf Und of wator In other plants 
the fiUratloa baa bsmi ipaeded np to 10 000^000 gallOM 
to ISOOOOOO pUana par aora, and we even triad with 
ftUr aucoeas 28000000 galkma per sore followed by 
nitra violet ray traataanL ThU wUI, natnraUy always 
depend on the flltrabUUy of tbe water 
Opeiatlni coats wUl vary with the riaa and the run 
ulng honre of the plant, and the coegMenl of M/ety one 
want! to give to tbe nitra vlolat ray treatumit Accord 
Ing to the qnallty of the water I expect In Urge pUnta 
the enrient cenanmptlon wlU vary between 60 and 126 
kilowatt honra per mlUlon gaUoni aUowlnf for a Urge 
■Bfety cooflielent Tbe Ubor chargee ere negUglble as 
the apparetua mily naada on occarional cleaning and 
Nturting of Umpa Apart from thla, the lamps have to 
lM> rrpumped and repaired from rime to Uma 
In any engloMrlng proposition we always try to 
adopt aa Urge a oafefy coegMent aa poaalbU It we 
rely on chemlcaU to dUlateet our wator we must work 
right eloee to and sometlmaa even over the limit of the 
amount which will not make Itself ohJeettonabU bi 
prodDdng taste and odor la the water 
In the nitra vlolit rays we have a a} atom where we 
may choose our tafetv cooffloltiU at Ugh M eaer we 
liked that U to aav we may over dote onr sterllUatlon 
aa mnch as we want without creating any obleottonabU 
feetnrea la the wator Uka taste and odor 


The PhotokaleUogrvh* 

An Apparatna for the Prodoctlea at Ealrideseepie 
Pktarea 

Tbb kaleldoacepa haa not been used exelnrively aa a 
plaything tot chlldrai. It has fumlihed many patterns 
for woven fSbrloa embrolderlea carpoto and oUdotha 
The combination of tbe kaleldoaeope with the photo¬ 
graphic camera baa often been attempted toll vrtth 

In the Uat few yean my attention haa been dMwn to 
theae matters In the conrse of my proftealoiml work for 
the Carl Ztdm dtabal Company We received a com 
mbadnn lo cvostruct a keleldoecope of predrion After 
overcoming certain dlfflcnlilee I inceeeded In ptodndng 
Ihe Instrument herewith lltnatrsted which can bo nsed 
either tor direct obairvallon or for photographic repro 
dnctlon of tbe kaletdoecoplo pattema 

In tbU Inatmment a soUd gUaa prism takes the pUce 
of the two Inclined ndrrora of Ihe old Brewsttf kaleldn- 
Bcope Tho faces of tbe ptUm pra cut aoenrately to the 
prescribed angle poUibed and rilvered The (wUm U 
protected from Injnry bv covering It with etripa of 
bUde gUae cemented to Us tacen Ibe ends of the 
prIam are cut perpoidlcnlar to the axis and poUriiad 
and the prUm la Inclosed In a btaaa tube from which 
Ita ends only protmde 

The tnbe to mounted vertically above the hortoonhti 
photographlo plate meesnrlng IS bv 18 centlmetera 
(about 6 by 7 Inches) The photographic Una to ■eenred 
to tbe lower end of the tuba. Tbe dtotanee of tbe tube 
from tbe pbotographlc ptota to adjnatad to prednoe t 
Mharp image and this dtotanee to fixed by meani of a 
Btop-rlng anrronndlng the tube Bernal tnbfs of ex 
Bctlv the Same diameter cantalnlng prisms of dUarent 
rixea and an^ are provided and can eerily be Inter 
changed 

Tbe object, whidi to to prednoe the photognplicd 
kalddoeei^ pattern by Internal relleatloB from the 
farm of the prism to Itoalf a idiotograph on glam 
which to premed Ugktly, vrtth die film ride down, on the 
upper end of Om prism, to whldi a drop of oil has been 
npimed. The ptotua to naaally larger than tha see 
tional area of tha pitom bnt tmly tbe port Indndad In 
that area to nprodnesd and rapMtad on the photo- 
graphlo pUte beneath Tbe lUnmlnatlon to fnmtobad by 
a maresiy vapw lamp provldad wlfb a ray flltar wblA 
tranamlts only the light of one of tha violet aseteary 
Unea. 

For the observation and aOtoctlon of Iho pattma an 
Indtoad ptaM mirror to iriaead between the tana and 
tbe fflato boldar Thto mlrm reflooto the kobUoaeopIo 
image to a ground gtoas aoreen whtoh oan ha ebaarvad 
by seveial peraona at ones If it to doddad to photo¬ 
graph iha patten, the miner, whldi to mouatod on a 
bodaontal oxto, to tamed Into a poaUtoB to whtoh It 
ttdadto Uitot mtmtnt thnogh tha groond |tt«i and 
SBowa lha mya Crasn the toms to tan on tha photo- 
gtaphtopMh na akror to fbitadad to! tUa poiliton 

•nsaaitotohUi^ falMstos'asitotoVM'lUMsdsm^ 
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dodog tlM uporan of obont ona minute. It la than ubaerrmtlon of luileldaaco[iie comblnatloni For thla luiae ao that tlip prlaui cuu Htuud crrrt on a table orer 

taraad beA to Ita fonnar poaltlon In vbloh It ozcindoa putpoae a apeelal olaarTlnfl kua la anbaUtnted for Uh u drawing wlmk In lllumlnntt 1 b\ likht i nit ring tbc 

all Ught from tba plato and again reOacta tba Imago to ramora lens Tba other end of the lobe la ntud into ii prUm lalernlh fi in iil e 
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Pig 1 —The Photokaleldograph 

the Kionnd glaaa (ihe entmuet of light throngh the 
ground glBH can also be prAentcd bjr oloalng a alldlng 
Hhntter of abeet metal beneath the dam ) 

Oetalla of the picture may be traced on the ground 
glass acremi This device la often nsefnl for the pur 
pose of oomblnliig aeroral kalddoacoplc plctores A 
great variety of photographic transparencies may be 
used as objects but photographs of otht r kaleldoecoplc 
imltems are especially aultalle 
Lach of lh( prlauia can also be nsed f(i Ihe direct 
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big 2—UiBgram of the photokaleldograph 


Fig 2 —Photographs of kaleldoecopic psttrr 


The Stars Around the North Pole' 

The Determination of Their Proper and Irregular Motions 


A xaowuEOoc of dlstancts of the stars Is of funda 
mmital importance In any atUmpt to deaciibe the stel 
lar nnlvorsa It Is rsqnlred betoro answers can be 
given to qneatloiia on the average distances of sUrs 
from one another their brlgbtnaaa tompared with the 
■nil, and tho extent to Whltb they reach In space fbere 
ary not more 100 or USO stars of whhJi the dls 
tanoea have been miasured with any degree of aicu 
racy Althonth thla munher la being atsadlly increated 
It U only tba stara which are comparatively near to the 
son wbia can be treated tndlvldnally Fortbegnatar 
number we have to be content with average valuaa 
whlefa aimly to gtoupa of stare 
A taap ot a photograph of the atan glvea only their 
baarln^i that la to say their dlreetlonB as seen from 
the earth It glvea no information whatever abont the 
sif Mif . One star may be a huudred timea aa tar 
away aa Ita netibiinr on the map Bnt If two maps are 
madob avarated by a aofflelaBt Interval of time, eome 
dtflecMoee wW be toiud In the relative potitioiw of the 
staiB. ThMO !■«—t* aermnantB either of the etara 

tbaaanlwm <w «f the pofnt from whldi they art vlawed 

^ tba mp regi B ta wUdi are ebairrad are mmty 
' '•>Aa d0nta~HlfsnO et m Beytl lasttteiM by Dr r 
lF.ArMa,Fa<l 


ihunges of angular position Wc cannot tell dlrcclU 
fiom them either tbe actual it.Ioi.ltkH or OUIuikcs of 
the atara but only the ratio between these quaiilliliH 
It Is however from tho geometrical study of ibise 
small angular motions supplemented ly tbi Informa 
tion obtained from the spcctroKope as to tbe velocities 
of atara In the line of sight that onr km wledge of thdr 
dlhtancaa Is derived 

The problem Is In many ways analogous to me which 
has been completely eolyed In the early days ot as 
tronomy the movemeula of tho wandering stars ir 
planets were noted. The euontial cbarscterlstlcs of 
tbi movements were embodied in geometrical fotmubi 
by the Oreiks In the course of time ( opcmlcus showed 
that tbeae formuke could be moat simply lutorpreted on 
tho aamunption that tbe earth nyoUed arouisl the 
sun Ills purely geometrical argiimeuU were It la trw 
IHiwertulIy reinforced by tbe reyelatlons of Galileo s 
telescope Nevertheless tin planetary system as foi 
rattlated by Oopemleus and Kepler reanlted from tbc 
obaarvaUoii of the angular movements of tba planets 
and the atiompt to give them the almideat poaalbls 
geometikal Intarpretation 

Fartiiar rtody of the planetary ayetem baa Iwen 
gnUed and eoatieUed Iv tiw law of gravltatton But 


I be jhaeryatlunal (hita in whi h i 
kiuwledge of Iho solii svstim is bis 
il/ca, and moveminls of all Its men 
strips of measiirts iit the siiy,uli r ui 
tr m Ibe lailb 1 liiiar meiauKuii 
i|iilred to 11 lain tb< t im and dluieiu 
llmlf and thus sni|I\ a bast Iliu 
stale of till ayslem 

The nxtd ntaia last it na yillli a t 
km from the stnily of tlitlr sin ill mi 
NiiptlenHiitid by bpcctrosiuiIc tlsir 
iliilrcd to nustiucl as far as ptsslll 
skllar unlyirsc such a msUI « i 
star 

(1) Its BCinuI iwslilin In M|iiit in i 
axes with thp sun us origin 

(2) The yelallv In kllimilirs a i 
Uitae dlrectkins 

(8) Tbe brlKhliitsa or lumlmslty I 


I lions It la re- 

II model of the 
I gltt for each 


1 Ing II 


unit 

(4) The mans 
(6) Tbealxe. 

(6) Tba phyaleal and chemical constiiutl n 
Of these elements the nisas la at lasiut only deter 
mlnabla for double stara and the site for ecllpalng 
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\Hrlullr8 Tha pliynlcal and chemical co n atltntl o n arc 
km Ml from RptdroNCtiiic obacrraUuna for a conaldei 
till number if ktan But the diatauie and abaolnli 
iilKltiuiw can Ih found onl\ for a limited number of 
llu iicarchl sinik Vmium ichuIU luii howe\cr la 



S S A 

J lir 1 —Dctireiininff proper eieiion at atera 

btatiicd fui thi null distant Ntara which tall ua 

(1) rUc uuubir within certaiu limits of dUteuci 
from the sun 

(2) Tbo menu TeloclUca of these elara and what 
lieiciutafs are uiuWna with glroa TcliKltlee say fbr 
ixamplc botwicii 10 and 20 hllometera a aecoiid 

(11 Whetbir these reludtles are Irregular or show 
Hiiytblng 111 I hi nature of atroamlng In parUonlar 
dlrectluua 

(4) What pripurtlou of the atari are comparable 
with llu. mio In lolrbixlc brlghtoaii and what propor 
tiun are Uu llmee or one tenth as bright and so ou 

SiHh a dtecrtpllon f the stellar HjaCom Is to a large 
extent wllhin the powers of atlruuumera and we nurse 
iht perhapa extrnrugaul hope that ginorallxatloiii will 
bo (Uacutered which will kod to the formulation of 
dyuuniltal lawrt on the conatltutloa of the stellar 
uidceree 

A small area round the p ile has been chosen as a 
sample because thla part of thi sky bas be«n obaerced 
■ni n fully than any other of equal extent ft forms a 
smiill cap extending to a illatance of 8 degree* fiom the 
liolt and ( veriug about l/ldO of tbe whola sky In 
the year IsSTelkStJ c^rrliigtou an 1 ngllah amateur 
aslrunomer well known from hla observations of ann 
h|sSh uring a \cry amall transit Instrnmeut ubaerved 
tbe poalttons of all tbe stars In this part of the sky 
from tbe brigbieet down to very faint etars between 
the tenth end ehtcnlh magnitudes tie thus con 
olrncted a catalogm giving with great accuracy the 
poalUona of d TOO atari for the year UOS About tha 
year lOOQ theoe etars were re obeeried at Greenwich by 
a comblnatlan of visual and photographic obecrvatlons 
By comparison with the positions as given In (Airrlng 
tons Catalogue the anguUir movement of each of these 
3 780 stars In forty flvo yean Is deUiinlned lltese 
BUguIar motemente or proper motions os they arc 
technically called are the data available for obtolnlng 
tha actual pooltions and movements of the stars In 
space We have to solve tbe geometrical probkm of 
miikbig these Stan stand out In three dlmenslona no 
that we miiy nee them as we aec a picture In a stereo 
scope 

Now Ibr proper mutloiia of stare are very small Ihe 
star of largest proper motion mom only RTO socoiids s 
contnry An Idea of tbe smallness of this motion may 
be obtalnsd from the fliet that It will take two cen 
turies to move a distance eiinal to the a|i|«reat dlam 
rfer of tbe sun or moon Tbiro Is no star among those 
iieei the north pole with a iroper motion so great as 
■ Ills Ihe foUowlng table glees au sbstraet uf the 
I nils r motions of the 3 728 stsrs under conatderatlon 



It !<< clear that the stare with large proper motloua 
must either be moving fast or moat be comparatively 
near J base are tha alteruatlvei but for an IndlTldnal 
star It be Impossible to decide between them 
Tbe table nbows how btrgely the propor motlona of 
Stan vary in direction They differ Jnat ai wldtij in 
direction Some signs of Irrsgularlty in the directions 
wsre flrat detected by Sir Wlllism Harseliel, who foand 
that the movement of seven quick moving stare ^ 
ated In dlfltcant parts of ths sky wars ippraxlmaWly 
directed to one point Ha obasrved thst this would 
result If the* proper motions aross not from the movt- 
mant of the stars tbsmaslvss Imt trom tbit of ths point 
of obasrrmtlon In an opporits dltseilOB, and eonclndad 
that ths solsr iffstem was movlnff towaid a netat in ths 


■ ustcllatlou llercukw This eonelnsloo was act uni 
cirsallv admitted for some tlffle but reasarelMa by 
\rgilandei Airy llcsiel and uthma denwoslrated a 
iigular drift among the stare oncJi aa wonid arise If on 
their otherwise liregnlar movemmite were superposed 
this cemunon motion A large number of NMurebsa 
have been made on tbe exact direction of the anna mo 
llcm and It is now establiabed with some certainty that 
It la toward a point in right oso sn ston IS hoim and 
declination 88 degreca north not fhr In diieetloa from 
the bright star Aega The speed of tbe anns moUou 
tbrongb apace has been dstemined by speotrcacoplc 
ibeorvatlone On the avenge stare near Vega appear 
to be approaching ns etare in the opposite direction to 
be receding from ua In this amy Prof (N»pball has 
found from the obaervad vetodties of 12100 stars that 
the solar sysK m Is niovliif St the rata of 18 0 kUometors 
a second 

rht fact thut the sun Is moving with a velocity of 
10 *1 kilometers a second In a known direction rappllea 
us with a means of determining the sverage dlatancea of 
groups of stare ihta velocity carries the son forward 
lu a century a distance equal to 412 tlmea tha ran a dls 
tance from the earth If at tbe beginning of the cen 
tury the sun is at 8 (Big 1) and at the end has moved 
to fl th< sngulsr distance of a star sitnated at P ami 
haring no motion of Ua own will have iDcreaaed from 
ASP to ABP The difference of these angles which is 
Ihe ptopir motion of the stor Is 8P8 and It follows 
that the distance (NP) can rradUt bo deduced Wi 
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ninnot however lay that any Individual star Is at rest 
but If we take a suHclenUy large group of stars it Is 
kgillmste to suppose that In the average the peculiar 
muvem<nta of the separate stare ate eliminated and 
the mi an dlstanee of the group can be Interred. 

Daring the last twenty or thirty yean the proper 
motlona of many stare have been determined by the 
comperlaon of modern with earlier obeervaHona Par 
tlcularly tbe reduction b} Dr Auwere of Bradley 8 oli 
seirations made In 1768 led to tbe aiiursle determine 
tlun of the angnlar movomente of the brighter stars 
The proper motions of fSluter atan have been found by 
comparlaon with observallona made In the flret half of 
the nineteenth oentury These have all been ntlUaed to 
determine the direction and angular amount of tbe 
drift produced In the lUks by the motion of tbe solar 
system through apace Ihe reeulte were very puasaing 
liocauae different roatbematicai methods and different 
groups of iten gave widely different dlrecUons for tbe 
solar motion The cauae was dlaeovered about ten yeare 
ago by Prof Kapteyn who found in tbe proper motloiiB 
of the eten another IndlcaHim of legnlarlty. or parbepe 
It might be called e syitematle IrreguUrUy ■nailer 
than the one discovered by Bersehel, but um^takable 
wben once potetod out Be Int erprete d ttaiae aystematle 
Irregulerltlei to mean that the etare ere dlvUble into 
two groupi streaming through one mother In oppodts 
dlreotteas In qwee Prof Kapteyn a dlscsivery has been 
■ubmltted to mathemaUciI maiyde by Prof Uddlng 
ton and Pro! Bdiwstaschlld Their rcMirchas have 
Ulnmlnatod the whole aubjeot of stellar moUoni, and 
tbougta they are not in sntlrs agreemant, they lasYe no 
doubt of the extetanee of e prderentlsl mtfvcoMit 
among the stare toward tha north part of Orion and the 
diametrically uppoalto dlreettai In the constellation of 
the Serpent 

We mutt next consldai tha Motus peo sH ifs s t he 
Irrtgnler movements of tbs ateis thMnsstess. fkua 
obssTvatlons of the vyodd* of atsn In tbe Um iff 
light, sqweUUy from thoss umds at tbs UA Obasrra- 
toiy under Prof OempiMIPs dlrestlon. It la known that 
s fsw stars ate movlag with grast reloeUlaq snail u 
100 klloasstara a ssioad, whDs ottscs are umtIbi vrey 


1 ompeilHOU wllb the third column of the table sbowa 
tbat the velocities are distributed In aceordauce with 
the law of errors The law Is Identical with thst found 
by Maxwell for tbe velodtiea of the moleinics of s gas 
In the ease of s gsa this dlstiibntlon of vsloeltlas 
results from tbe fraiucnt oolllBtims For the stars there 
Is no evidence that It hae resulted trom their Inter 
action It must be regarded aa an observatloiial fact 
which permlta na to say tbat tin dtetributlon of tha 
\eIocUlee of tbe aten Is stated concisely by this simple 
mathemaUeel formula 

Ibe three movamente—the movement of the tolar 
system In space the streaming of the store, and their 
Irregnlar fflovemente an all shown lu their proper 
motions. The Hgnir (taken from s papir by Mr Jones 



Fig 4-DlMrlbatlon in duture uf the star In Cm- 
riagton’a eataloguo. 


-Monthly Notleea of Uu B A B. vol IkxlT, p IM) 
erhlMts Uu proper motlou of eons of tbe hrighter 
■tan attaated niar the north peda If ths stars bad an 
bsen plaeed at the origin they would Id u oentury have 
dread out os shown In the figure 
TUa qnendlng out has bean eunssd by 
(1) Ths adar moUon Which has shlftsd the eei 
of gravity of the ewerm toward ISO dagraea 
(S) Ths psenltar smUous iff ths stars thenael 
urUeh tavs vnsd oitt In tbs dlneUons toward 

(8) Ths atiaaatag In tbs dtnetlon of 0 dsfres to 
aegriis. wMA. oarehlnsd with tbe psenllar nwttoan 
and* tbs d widl n g out meh greutar in OM thdi 
tbs petpMOBnlu OtaHtha. J» at» fUt tt m Skf 
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atnulnt kaiUMiw to be In Um dlrooUou ot and o|)|>o- 
idte to tba eofair motion 

Ltf OB now umotdef Ui» ptoper moUotu ot the 8TUU 
■tan obeerved hy Carrlnfton In the Uaht ot theee dla- 
coveriaa rhe ahUt ot the center ot ctarlty caiued by 
the aolar moaon U 144 aaeoada a CMtnry Aa we kuow 
how the mu haa moved In a oeotury thia give* the 
■Tenge dlatanoe ot theae atan aa fifty mlllloa tlaaH 
tlw dlatance of the aun from the earth rurnlug now 
to the ptoper moUona in a direction perpendicular to 


ficrtMarat ot the atan themaelvee. Counting Iheao 
cruMa piupcr mulluiiH we find them divided aa nhowu In 
table 111 


IV hen lultable allowance la made tor tlu. auldLiital 
error In tboae obaervatloiia, It la found that the uuuber 
leaa than any given amount t can be repnauitud by tbe 
following algidinlMl formnla 

Ihe dialilbutlou ul the aukului vclucltlcb U ahowu In 
tig d (A) the total uuubei being repreaeuted by the 
area uf the Curve the uumbur tut oiumpte between 
J accouda and J aecouda a century la given by the 
Hbadod portion 

Now auppoae that all theao atara weie actually uiov 
lug with the same vehadly, aay lu kllumctera a aetund 
thin Ihtii dlatanoe could be caksulalod Ihuae with 
pr<iia.r muUou 1 aacoud a ceuluiy being toity ulllluu 
times aa dlataui aa the aun thuae with proper motion 
J aw-tuHla a century twenty inllUou times tboae uf 4 
aecoude a century ton mllUou tluiaa and ao on the 
Unger the proper mutlou the uearer the star to ua 
Ihia la only au llluatratlou the vclodtlea ot the 
atara are nut all the aamc but are dlstilbnted accord 
lug to the law of erruii It the dlatance ut each atar 
weic known theu by dividing the velocity by the die 
taucc tba proper motion would be found Wo have to 
Und bow many are at one dlatance Uuw many at an 
utbtr so that tbe proper moUone will lo dlatilbnted In 
Hccurdaiice with tho law found from the oUaeivatlons 
Mg d (U) ahowk the dlatrlbuUuu ul linear veloclUee 
Uic ahaded porUon for example ghlug the propoiUou 
moving between dO and 40 kUouictcia a eecoud Mow 
tho dlatrlbaUou ot angular veloutlea la ahowu In (A) 
and tbe qneellun ailaoe How muat the stare be dla 
trtbnted In dlatance tor theee two laws to barmonlxe/ 
This le a mathematical problem wbich can ba aolved 
fairly easily and the answer la that the atara uual be 
dlatrlbuted In dlatance according to a law shown 
graphically by tba cdtto In ng 4 (Ihedlatrlbutlou of 

velooitiea V combined with the dutnbuhoD of 


proper motuma 1 + leada to the partial dii- 

tnbutioniaU^ 

In the diagram dIaUncea are mearared boilaoutolly 
tba unit ot distance being that at which a stars par 
alias la equal to 1 aecuud (or dOOdfiB tlmas tbe dIsUuce 
of the earth from tbe aun) It U oouveulent to have 


f'aiiec, imggaated by Irof roruer, will be adopted 
With this onlt a dlattnce uf 100 In the diagiam denotes 
twenty mlUlcm Umee the dlatance uf tbe snu Imm the 
earth lha fdlowlng table gives the iicrceutage ot stars 
between certain Umlta of distance 
Taaca IV 


It foUowa that bh per cent ot the atara In Carring 
ton a Catalagns that la, bS per cent ot aU the atari 
brighter than about 10 B magnitude, Ue between 80 and 
ISO Mimnw Umai the dlatance ot the ran from tbe 
earth. Thli law ot the dlstrllinU(m of the atari la at 
first al^t rather rarprlalng It ahonld be remembered 
that tha only atara at a great dlatance which are In 
dudsd an tboae which are intrlnalGally very bright, 
■nil theaa turn oily a usall pruportlra of all the stats 
Pntf TMAtng ton baa found that a idiiillar law holds fur 
atan btlgbtar »«■" 00 magnitude 
llaTlng fbuitd tbe law of dlatrlbntlon of the dls 
tanon of ttan atari, it ta not dlffleult to determine 
gbont thilr ahaelata inmlnoaltlas, 1 e, bow 
they would oottjiara wttb tba rail In brlghtncaa If placed 
at an equal dW ta fin fna na. 

n Oa mi won at a dMaaea of one pnrtra, U wonld 
■Mtaat aa a bright star, brighter than tba llrA magnl 
li>(^ afltwllr of —OH, U at a dlatann ot IOC 
tummUtmattkattwwMbtXOa. Mow an tho stan 


In UiiilukUua Uklalokuo may be taken aa brighter 
than 10 S niagultudt thus at least 86 por cent of Uiisi 
stata aia lutilmduilly bilghlci than tho sun and ut 
loast SO iHi cent aro foui Umea ua bright 40 per ciul 
are slsteeu tlmw us lirlglii and s per cent are Ulty 
times as blight 

Ml may cuuciwle that the gioal mujuilly uf the slurs 
brlgblii Ihuu lot magiiitudc iic inliliislcally brlgblci 
thuu tbe sun awl u cuusldpi il lo ir pirtl n icry mneb 
bilgblur 

ihc dlstllbullou ot blight and fSlul stuis lit u gltiu 
tolumo uf spaco Is quite dlfioicnt and euululiu, a luu b 
luigei piuiKiUuu ut faint stars If we make Ibi ii> 
kumpUuiis that the deusUy ot the stars und the propui 
Uuns ut bright and taint ones Is the samo at ihu 
dlflcront dlstauccs from thi sun within which thise 
Cuiilngtuu stais arc situated It la possllle to find the 
actual number >t stars ot dlfferuit luminosities lii a 
hivcu volume ot siMce In a aphirc with radius US) 
pursocs, or twenty million times the distance ut the 
earth fiom tho snu thcio aie at least 


Ihe data only admit of a lough detcrmiiiatlmi uf the 
iiuuibet uf very faint stars and tho number of very 
blight uues Ihe dgares glee a general Indication of 
the (Icuslly ot the stars In space and ot Ihcli Intrinsic 
brightuess aud seivo to direct atlcutlou to the fact that 
Ibcic UIC many stais much loss Inmlnous than tbe sun 
und u certain piupoitlun vuy much more luminous 
lUc couclualumi drawn up to this point have beui 
tased eutlicly i u a cuusiderullun ot the pr pel motloiw 
uf the stats ItrLspeclIip ol whiibii they urc bright or 
faint provided uily that they an sulllcleutly blight to 
have becu obseiiod by Carrington tint as tbe apparent 
inugiiuude c f a stat depends on its dlstuuie ua well as 
on Its UiUluslc lilghtnew we naturally expect some 
usslslaucs In assigning the distances ot these stars from 
their magultudos Ibe brightest star In this small area 
louiid tile nuiUi pole is loluila tba miigultude of which 
la t (It may he tematked Incidentally that tho distance 
uf the pole atat has been actually measured It Is 
twenty i amecs oi foui lallUon thoce tho distance of the 
sue ftom the euitb and If it were at tbe same distance 
Hs the sun It would appear to be lUO times as bright) 
ihcu theie aro about twenty atara which are visible to 
Ihc lakul eye ibe following table gl\w tbe actual 
DumU r ot stars of diffcrcot mignltndes (photographic) 


fhou again the slira may be dlvldid Into groups 
aocordlug to tbe ybyshal cbanieterlstlcs leiesled by the 
spectn scope Ihc researcbca uf Kaphyn Campbell 
and otbers have shown—at any late fur tbe brighter 
stais—remarkable relaUouoblps b< tween tbe distances 
and v< lucltles of the stara and the lyye of spectrum 
whlcb they maulfesL It la thvrefirc desirable to ea 
amine tbe proper motions of stars uf dlflireul spedial 
types separately Ihe spectra of many Ihiusauds of 
atara have been determined at Harvard C/Ollegt undei 
liof llckerlnga dlrecUeu by Miss tamiuu ibe dlf 
fereit (lasses are tndleatad In the Haiiard classiace 
Uon hy the letters K A b ti K M with fmtber sub 


oidlng to tho Lolur Index tbe parallactic motion 
the menu unmilai movinieiit per century arlalng 
>m the motl ii f tht huh t It tough niwo Is dcUimliuit 
eudi class I In. nsults iie cshlllted In the M 


s mew hat cooler and rcddci those In the last Ili< 
h tiei and bluer Ibo laat line Includes a few but onl\ 
a tew B atars aa iboie aro not many In this lart of 
Ihe aky ihe quontlUts In tbe fonrth and sixth colnrana 
t I hi table am a gago of the distance of the stars lo 
which they lefer It 1* niy necrasery to divide these 
Into 1 7 bceouds which Is the angle through wbleh a 
Hlai distant 1 lanec w uid hate been dlsplaceit In thi 
HUhir mutluu In une huiiilud yean to obtain Ihc dls 
lanciH In inrsecs Thus the JU) stars belonglug ti 
tyiics A b and brighter than 8 B magnitude are at an 
uterage distance of 170 larsees 
The Qrat point to iiothe la (bal parallacdc motions 
f hlBis fainter than ^5 magnitude an always couald 
iiablv less than the corresponding iiuanlltlea for atara 
I lighter than OB magnllndc 1 his Is of course becuusi 
til fab t ktaia arc on the while further away The 
nvringi dlstanee of stars ft magnitude 100 la miproxl 
mutely 1 H limes as great as fni a atar of h 0 magnitude 
The next point Is the vtiy great distance of tbe ted 
stars the U'l faint nd stars are very neatly 1000 
iwratss HWHV or J)0 million times as distant as tht 
situ At this great distance the sun would appear aa ■ t 
magnitude 11B but these stars vary In magnltade from 
OB to 110 aud are tbinfore Intrinsically from 2B0 to 
lU times as bright as the sun Now it happens that 
among the start nearest to tbe anti the distances of 
which have been actually measured there are several 
ltd stars and these are all verv much flilntcr tbau the 
sun It has been suggnted by 1 rof Russell and Prof 
llerttapruug Independently (liat the red stara aro of 
tw( distinct ilasees nbkb thev call the giants aud the 
ilwarfH and that In accunlaiice with Sir Norman Lock 
vtra vlewi tbe giant red stara are In on early stage of 
IV >luilou and are Im n aiJug in icuipcratua while tbe 
dvvaif suia are at tho othi r end uf the acrlee and are 
gi )wlng colder and darker 
I caving the red stars it is keen that tbe etara the 
colrr indcice ot which lie between —1 and +4 are 
iieaici to us than tbi gnmps ii cither side of them 
ihise stars are thisw tbe apccirn of which are of tbe 
tyres b and 0 In Ibe Harvard notation and are tbe 
Mara mnt like tbe son The mean distances of thfae 
Hlais Is (niv 110 parsecs fur tho stars brighter than 0 B 
magnitudi and .IB larsecs f r tbe stars falnler than 
01 magiiltuile At this distant e tbe sun would be of 
niignltiile lit It fjllovis that these stars are on tlu 
i I ragi from twi tn eight times ns lirlghl as the aun 
J he A I stai'i are a little I ut not moeb farther away 


In the 1 stars the bydreguu lliini an Ibluuei end fine 
metallic Hues are shown Ibe O stars aic viry like the 
sun fuU of motalllc IIiicm and with broad Unes due to 
calcium lo the K Htan the two calcium lines are still 
I loader and there are many fine metallic Unea The H 
stars ara characterised by broad absorplloa bonds This 
arrangement places tbe staiii ta the older of their tom 
peratnrai, the B stars are the blueat and botUat, and 
the M atan the reddest and coolest The cbaracter of 
the spectra of about WW of the atan In Carrington ■ 
Catalogue la given by the Harvard observations 
Tor the fainter stars tbe spectra have not bean deter 
mined but they can be Inferred In another way As 
tbe blue aura ore more acUve pbotographically than 
the red atara If a red and blue star have the same 
visual magnltnde the magnitodee estimated from tba 
images on a photograph will differ conaldenbly and 
this difference la on index of tbe color and thus of the 
type of ipeelTum Now the visual raagnltudea of moat 
of these faint atara have been very accurately deter 
mined at Fotadam by Meeara. Mllller and Kron (and 
have been kindly coaunnnkated in Dunuacript) and 
the pbotographta mognltudu have been determined nt 
Oremwleh. The differeneea have been taken between 
the photographle and visual magnitndoa and eorre to 
claa^ the stars sccordlng to Ihelr temperstare 
Bspsntlng the start Into two groups tboss whlcb are 
brighter thsn OB magnitude on tba Potsdam scale ot 
magnitude, and dlvldtag each group Into four cIssms 




Hvitem la moving In a known direction with a vclodt} 
of ion kUometon por eccond leads to a determination 
of tba dlstancea of groups of stars the angular movi 
menla of which are known Ibe hypotheals made la 
that to a number like one hundred nr two hundred 
stars the Irregular angular mavemonts due to the mo 
Ilona of the stara themselvea nrntrallw one another on 
thi average But this Is only Ihe mean dlatance of 
the group and some are much nearer aiul some much 
farther Phe distribution of tbe stara about this mean 
(llstBiire may ba derived from tbe proper motions If wc 
know how tho Ilncer velocities are dbtributed. I shall 
Bp] ly this method tn the group of stars which arc llki 
Ibe Hun In type of siiectrum and Iheretore preouiuablv 
I f like temperature and physical eonaitinUnn 
Dividing those Into three ctaiMeB areordlng I) their 
mignUnde It Is found thot tMr parallactic mollon dn 
tn the kuna movement anil their avi rage motion In Ihi 
p( n>ondlcular dirtrll n dm t lliilr iwn peculiar move- 
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tn Uir IftMl culuDjn la rIvod Ihe ratio (if (he averago 
croaa motion to llic paiillactlc luoUon Ibe agreomout 
of tbe immbum hIiowh Ibat Ibc bright itara aod Um 
falat atam baro tbe eame average velocity. Taking tbe 
velocity of the huu aa 10 5 kilonicteni a aecoad. It fol- 
lowa that the ateiage \clo(1t} of them ataca In tbe 
direction |ier|ieiHJlru1ar to the Him h motion la IS T kilo- 
luetora a wtioud 

We ahall now make Ihe ohBumiitloD Uiat Nome of 
ibeae atan are mot lug faiter than Ihia \elaclly and 
Home Hlower, Jnat un erroiH of ohaervatlon are dlalrlb- 
ated altout n mean error With a mean velocity of 13 T 
fcllometem a Hecond, theie will lie In 1,000 Htoia 



I *• >40 

If now tbe obaerted proper moltoOH me orrauKcd, It 
la found that tho number loan than aiij tnlue r can be 
repreoented aatlgraclotlly by on nlgebnile lurniula 


(T' + a'I, 

mean value of r. Tbe following table ahowa tho actnal 
number of htara with proper motions belweeu certain 
Uffllto, compared wltb tbe uumliet given by Ihe for- 


Tauu VII 


limlu of propir moUon 


gtT(.W^ 

nitrcraaco 

0" to r* ft CPBtrury 

437 

344 

4rt> 

347 

Ts 

2 n 4 *1 

434 

334 


7 ” 10 •• 

>10 

aa 

90 

is 

Xi 


We may take It that tbe formula aubotantlally rep- 
roomita tbe obaerved factH Wltb the proper motlona 
dlatrlbnted according to thU formula, and the actual 
veloddae dlatrlboled according to the law of erroro, 
tbe dlatrlbutlon of the btara In diatance can be deter¬ 
mined, and It la found that theae 1,247 otaia an 
dlatrlbnted In apace aa abown In Table VlII. 

Tahui Vlll. 

Rniuun or ooua arABO (Tvna r awd e) at ntmaamT 


DManoa 

(pararnm 



•£ 4 ®' 



74 

40 


1 

m 

134 

48 

H 

aoS^^^Ton 1 
_>7U0_1 

144 

45 

_“4_ 

as 

1 


The moHt remarkable feature of tbia tabic la that 
70 per cent of tba atara lie between tbe narrow Umlta 
of one handred and tOur hundred paneca. 


I have treated tbe 470 atan which arc brighter than 
10.0 magnitude and the 14R brighter than 0.0 magni¬ 
tude In a ilmllur manner. Tho reoulta are given in 
the third and fourth columna of Table Vlll. Taking 
Ibe dlfferenctw, the diatrlbollon In diatanee of tbe 777 
Htara of magiiHude la 10.0-11.0 and of the 822 atara of 
00-10.0 mngiilludo la found. 

To compare the Intrinsic magnltudee of tbe Kton It 
Ih convenient to take Umlls of diatance in geometrical 
lirogressluii with a common ratio 1200 (log —0.1), 
e g, 40, 00, 03, 71), 100,120, air., pancea Tbeoe Umlta 
nirrebpond to a idiauge of half a magnitude la the in¬ 
trinsic brightneaa of the siara which are of the anme 
aiiparent brlghtnesB. Confining our attention to the 
Htara of apparent magnitude 100 to 110, or, apaaklng 
broadly, atara of 10 0 magnitude, the limits 0048 par¬ 
secs conlsln stars hsif a magnitude brighter, and dis¬ 
tributed over twice the volume of tboee contaliHsl 
between tbe limits 40 00 paraecs 

If we may HHSume that the actual density of the Hlan 
la tbe same In all pnita of the h|iuis> with which we arc 
disiling, we obtain by reohonlng of this kind Ibe num 
lier of stars bctw(s-ii dlirercnr limltn of aliwdulo bright 
iKxs T1i(< following liilile Hbnws the number of atara of 
dlirereiit luuitiioalllix in h sphere of one hundred par- 
mss rndlUH 



The ll•suUH In the oecond column have been obtained 
li} ooiu.lderiiig the futnieHf aiars. those from 100 In ILO 
magnitude If the clan lirlgbl(>r Is taken, those stsra 
wlilch appear to be of magnltudee 8 0 to lao, we find In 
a Hirallar way the quantities given In the last column. 

There Ih an Increasing divergence between the raniti. 
Now It IS to be rAiembered that tbeaa figures have been 


derived from regions at dlffersut dlstanees from tba 
sun. Thiia tho stars which are between slity and fort} 
tlmas tbe brlgbtneaa of tbe ogn, and which ate appar¬ 
ently of msgidtude 10 to 11, Uo betwemi 388 and 631 
Itaraees, while those which ate apparently of 9.0 to 10.0 
niagultnde lla between 2S1 and 888 paneck 
We may eouclnde, therefmre, that tbe denotty of this 
ebui of sters la somewhat leoe at this groater dUtaooe 
from the enn. Following out tbia line of rcaoonlng, I 
have foond tbe dlmlnation of density of the atan to be 
OH foUowa: 


OtataiMB 
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Altbongh much weight caonot be attached to the 
exact flgurea, one oeeina JuaiUled In anylng that tbero 
must be a very considerable falling off In tbe density of 
the aUra between the diitaiices of 100 and BOO parsecs 
A falling off in the total density of the stars woald 
afftsd tbe tables giving the iwoimrtlon of stan of dif¬ 
ferent hrlghtnesa, and wonid increase conaldenbly the 
liroportlou of bright stars. 

Altbongh the conclusions presented In this paper have 
been derived from a study of the proper motlona of the 
atan In a amall area of the oky, and may be aomewhat 
modified by tbe Inveettgatlon of other retina, they may 
be ooneldored aa fairly aiipileable to the stars In gen¬ 
eral. The Umltlng magnitude of the atara that have 
been eonaidered la nearly 11.0 (on the Fotadam scale), 
and there are. In tba whole alqr. half a million stars 
brighter than this limit of magnitude. 

It may ba aald of then that: 

(1) On the whole, the ydlow etan, the etara like the 
eon In physical candlUone, are tbe neareal. 

(2) Thw lie within fldriy narrow Umlta of diatanee 
—80 per cent are between 100 and BOO paneca, 10 vts 
cent nearer than 100 paneca, and 10 per cent farther 
away than BOO ptmea. 

(8) Oolng from the yellow to the bine or the onnga 
atan, the avaroga dlaianeet Increaia. 

(4) Tba tad otMi are at great dlatonees—an avenga 
of about MM gustea. 

(5) The staM Ttiy gnatly In Mrtaato briphteMt. 
Ihe nd stua af» vsetaUy inminaai, being on an anr- 
oga OBS hnndred tbnaa aa bright aa tha sun. 

(6) Oonaldartng aU die atan dewn to this Undt od 
raagnltndB^ from 00 to 80 per eent are Intrlnalcally more 
lomlnone than the sun. 

(7) When, however, tbe luminosity of the atan In a 
given volume of apace la eonaidered, then an found to 
be far more faint than bright atara. Then Is no cem- 
tndtcUoD between this conclmdon and tbe laat one, be- 
canee tbe more distant bright atan are vMblr, while 
we only see the flint ones which an compentlTely 

(8) Evidence hae been found that the atan thin ont 
very malerteUy at great distances from tbe ann 

These ooncluslnna ore In harmony wltb tbe concep¬ 
tion of a finite otellar nnlverso. Moot of the stan we 
nee, and a great many fainter ones, are within the dis¬ 
tance of 1,000 penecH Doubtleea the etan extend to 
much greater dlatencee, perhape ten times aa far or 
farther, bat we can scarcely doubt that we are near the 
middle of a finite group of atara, and that the aalent 
of tbia group Is of tba order of 1,000 to IdOOO paraeca 

Another Sjotem of Genenting Electricity 

One of the latest propositions for produrlng aiee> 
trinity oommooiaUy la the application of thermo-eieetrio 
couplea placed around a heated fluo. These oot^plea 
ore oompooed of an alement mode of a speoU MBWt 
alloy and a coppetvniekel element Theae ekanemta era 
aepontfld by a layer of miea insulation and an jolhed 
tfl^tbsT at their hot endi by a bond of deotrotytfcaOy 
dopoalted copper. Five of these dementa an eoUnbetod 
tocher in amlea to form a uidt and a auitaUe nntnhsr 
of these unite, wUch axe wedge shaped, on fomed htto 
a ring that aumunds tha hasted flue, from wUoh It la 
inonlatod by an Interpoaed layer of mica to pnvmt 
almrt droulthig tho units. The unhealed ends of the 
elements ora kept eool by circulating oold air around 
them. It ia aald tiiot the east of tnatalbng aueh a ay tern, 
os nimpared with steam, gai and iril operated enginn, is 
aa 13 compared to 26, 30 and 38, lesp^valy, arbila the 
oost of ptodttoing elertrielty by tUa amngement a«n' 
pores with tha above tonrees os 6.6 to 24, IM and 19.3, 
respeotively, not taking into ooaaideration the ooit of 
depreoiation or Utondoaoe of the steam, goe and oil 
plootf. 


Dr. BoM’i VUt to Aneriea 

Pior. y. C. Boas, whOM dlsooverlaa regarding the 
runtlnnlty of physiological roQiotiae in tba plant and 
animal creatad grant Intann la BniHivI uid tha Oontk 
nent, la now tn Ammlca on adantUk miaaloa tnm tta 


Uriuab govoramuat Prof. Boas wUl aaWhIt hla rcao- 
uout raeorder at Philadelphia before BacUeo Q of tbe 
American AasocUtloa for Advenceaient of Sdraoe on 


Intervals ee abort aa tbe tbonaendth port ot a aeooiid, 
and mewaures the perception Uma of a plant On tbe 
tlth ot January Prof. Boss wlU give a dlacoarae on 
“Plant Autograidia and Their BevelaUana,” lUnitratod 
by original ezperlmonta, before Ibe Academy of Bcl- 
eucea. New York. Before hla retorn to Unropa Dr. 
Bose will lecture before tbe Columbia UnlTerilty, tbe 
Academy of Udencen, Washington; the PbUosophlcal 
Horlety of PhUadoIphla, the Twanttoth Century Club, 
Boston; the Dnlveraltles of Ohlcagtk Wlwotwln, )lll- 
noli, and Mkhlgan. 


Loeomodro HeMUfhU 

It ia stated by aa authority on tba subject, that thu 
intrnalty of the bead4ight ot a loeoaoUve ehould not 
bo greater than fifteen to twenty candle power per 
square inch of ito projeetod area, henoe a lamp of 8,001) 
candle power, with a lO-lnoh refieotor, will ^ve an 11- 
luminaUon within tha marl mam Umit. Tbe ohief tuno- 
tlon ot a head-light is to worn pereene olwad ot the ap¬ 
proach of the team, os no oommeraoUy prooUeal Ugbt 
would enable the engineer to see a dark objeot, like a 
man, more than 500 feet. The light, however, servos 
ae a warning m many caaee at a (Uatonoe ot 26 mUoe, 
and It ia alio nseful to the engtniwr in disUngulihliig 
landmarlu, whiitJe boardi and atmllar objeota. 


Wa wish to call attention to tbe fact that we are In a 
pooUlon to rondor competent aervlees In every branch 
ot patent or trade-mark work. Oar staff la composed 
of mechanical, electrical and chemical experti, thor¬ 
oughly trained to prepare and proaecute all patent ap- 
pUcallona, Irrespective of the complex nature of the 
subject matter Involved, or ot the apeeUllaed, teehnteal, 
or sdeDtlfic knowledge required therefor. 

We also have aeaodatea throughout the world, who 


aesiet In the prosecution of patent and Mde-marfc ap- 
ptlcatloos filed In sU eountrlsa foreign to the Dnltod 
Htatee. 

Muiqi a Oot, 


Hraneh Ofltaa: 

626 r Street, V. W., 
Weehlngton, D. 0. 
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Experiments in Hybridizing Japanese Flowers 

Which Appear to Show a Variation in Mendel’s Law 

By Waller Proctor Jenny, Ph.D. 


'I'liK I'l'MilltM Ilf fhiisii ■■xiHirliuiiiitH In bybridixalliw are 
dill- 111 Mil- illsinM>ry iiiikIi; I'urly lu tbu prutfreHM of Ibu 
Work, thill the dry piitiun of the white moonfloievr, ap- 
]illid hi thr lUpma iif the miirniHg glory, it iitcrl and 
will not fiitilite Ihv nrary, unffiM (he pollen bo wot 
with the drw-litc fluid ruriilrd uiiuh the aurtaoe o{ Iho 
tUgma of tho moonflower. 

Till' pm-puHo of tbln article bi lo place upon record 
the rcaultM of uxiierlineiibi ixiuducted for a term of 
yrucM, at jirlvatc exju-nae, at my borne lu tbe city at 
WiiebliiKtoii, 1). 0 ., an luvcatlgatlon undertaken and 
carried out owliitf lu uiy Intereiit lu plant brecdluK—an 
liitereat Htimiilated by the fiiHi-luiitlou that attenda tlie 
eniatlon of now and beautiful Uuwuni. 

Tbu luelbud followed dctairta ho widely from tbe 
UMual prui.'pdure In bybrldlalod, and tbe roHulta obtained 
are an exccptloiiul, ami offer Huch broad na well aa 
buiHirtaul puHNlbllltli-H In I he ereotlou of now tyiwH, 
(bat tliey can scarcely fall to prore of Interest to other 
Horkera lu this field. 

Tliiit llie natural atlKmal lluld of tbo mooufiowci, 
iiHiiiely, the dew-like excretlou dopoalled iiiaai tbe aur- 
face of tbo stlKiua, when lu readlneaa for aolf-fertlllM- 
llun, bi alao cHscutlal to the development of Ita pollen 
lu tlio ferlllbuitUin of the ovary of the niornbig glory, 
wuH Ulai-uvered lu tbla way. In niy llrat uttemiila, 1 
reiuovcd the iinibeni from the fliiwera of the laoriilng 
Klory, and then aiiplled the ihjIIuu of tbe nuKinflower, 
iiHliig the reflcTod Mower iin n brUNli. Some twenty-live 
fiowers were thus iMJlIeiiuted, but only one pruiluecil 
Hi'ed. In Ibe followUig ai'iiMin, IIIJII, 1 laMlenuted nearly 
‘JflU fiuwerH of the inornlnK Iflury, applying tbe pollen 
of Ibe luiainfiower in dllTereiil ways, without obtaining 
HeiMl 111 a alugle liiHtaiiix'; Ibla was Iwfure I found (hat 
the Nllginal fluid of (lie iiKamfloivor was needed In 
order lluil fertlllxntloii of the otary might take place. 
In attempting lo reverse (be pria'CMH and polleiuite the 
uiiHiiifiower with Ibe iHilleii of the luuriiing glory, ( 
iiollix'd the wu,i In wlihh the iHillen griiliia adhered to 
the niolht Nllgnia of the iiuKiiillower, and with only tho 
thought lo iiiiike tbe iHilleii iKlIiere more iierfoetly, 1 
(ril'd the exiM'rlmeiil of triiiiHfcrrliig iIiIm excretion of 
Ibe atlgiiiii lo the Hllgniii of the iiioriilng glory Iwfore 
applying tbe imiIIcii of the liioolilluwer, th'xeral Hovvem 
of tbe niortiing glory wen' de|H>lleniited, and the sllgmal 
diiid, logetlier with the iHillen of the luouiillowor, up- 
pill'd. A few diiys Inter, on examining these hybridlaeil 
flowers. It was seen that fully mic half of tbo flowen 
bad eommenccil to develop seed. From this time on, 
tbe atlgmal fluid of tbe moonflower was employed In 
all experiments lu eroaslug these flowers. 

Tbe flowera eiiwrlmentod wltb are of different gen¬ 
era of Oonvotvulaafa:, namely, 

1. “Tbe early blooming white moonfloweT,’’ Calonyo 
floH speefoaam, with black seed, aald to be a croaa be¬ 
tween V. UoMoana alba and V. gi-andiflora alba; It baa 
been In eultlvatiou a number of years; and 

g. Numerous viirlelles of the Japanese morning glory, 
/poMoi’u I'hlnaentii, laivtng flowers In many ahades of 
reil, rose, lilac, violet, purple, and blue, and also pure 
white. 

Niitural hybrids of tbe white moonflower and the 
murnbig glory do nut appear to take place. I hare, 
however, observed tliat (he Japanese morning glory and 
the American morning glory will oi.-caMloiuUly croaa, 
where growing near to one another. 

The Mowers were grown In IK to Id-liich pots, in the 
open ulr; the veins being trained npoii trellblfB of 
banibiw and wire. ' ' 

III tbe following atateroent, no attempt la made-to 
gill' portleular liislructloas to be followed, but rather 

10 set forth what woa done to produce the hybrid 
llH)mis>n I have named Bantat. 

All liybrldlaatlons that produced aeed were made 
with tbe white luoonMower as tbe male parent and the 
JniNiiicse uiorulng glory aa tbe female. A number of 
iiltempta were made to reverse tbe proceaa, applytaif 
the IHillen of tbu mornlug glory to the stigma of the 
iiinonMowcr; but all failed to set seed. All hybrids 

11 lid cross-bred plants desciibed produced fertile seed. 

I'be morning glory blooms In the early morning, 
often before daylight, while tbe moonflower blooms 
soon after Hiiiiset; so that to obtain a supply of moon- 
flowers for bybrldUIng, It Is usually necessary to gather 
tbe flowers soon after they open, and before they have 
been visited by Insects, and to preserve them In shallow 
dlshi's of wafer in an ice efaesL Where no tnaecta are 
yireseiil the nioouflowers may be let to remain on the 
vine and to be pickeil at early dasii, at Ihe time the 


hylirldlxatluu Is performed, lu niy experlmeubi no 
risks of liiHi'Ct luterfercnco hare been allowed. 

The flower selected for the female parent has lint 
Its iNilleu removed by tho aiipllcatlou of a flue stream 
of water—the eximw of water Is drained out and the 
flower dried by gently applying slender slips of blottlug 
imper (following tbe uietbud laibllsbed by Xr. Qeorga 
Oliver, Department of Agriculture, Was hin gt o n, D. O.). 

1 perform tho hybrldlmtlou as follows: 1 take a 
moonflower, reflex tho flower and pull off the atamena, 
leaving the stigma Intact. The stigma of the moon- 
Huwer Is then applied to lha stigma of the morning 
glory, gently rubbing them one upon tho other, so as 
lu transfer the dew-like moisture upon the moonflower 
Htigma to the stigma of tho morning glory. This Is 
repeated two or three times, using a freab moonflower 
fur I'ach application. Then select a moonflower with 
rliie pollen, reflex the flower and bolding it so that 
I lie stamens are loosely bunched together, Insert the 
Mtamens In the tube of the morning glory, with the 
Htigma of the morning glory In the midst of the anthers 

that Is, tbe stigma of tbe morning glory la sarroundod 
on all sides by the anthers of the moonflower; a slight 
niuveuieut, lu and out of the stamens, at the same time 
rotating the moonflower, tranofers the pollen to the 
wet stigma of (be luoriilug glory, to which It adheres. 
This appileatiou of iiuMen Is repeated wltb one or more 
fresh niooDflawcrs. 'llie flower Is then I'liiHed (like an 
iiiioiieui'd bud) uud tied at the tip with yarn, to exclude 
InHccts—about 4<l imr cent of tbo flowers thus bybrld- 
ixed produce seed. 

Hoiuetlmes I vuiy this mctliijn by first wellliig the 
Hllgnia of the uiorulng glory wltb the vitalising dubi 
of the miKiiillower and then altcniatoly applying tbe 
aiitlierH and tbe stigma of the moonflower, gently rub¬ 
bing III tlie iMilleii with succcaslvo applications of tbe 
HtIguiiiB of fresh iiiuuiilluwera, until tbe stigma of tbo 
iiioriiliig glory la loaded with the adhesive coating of 
IKillen. 

The first liybrld Uinl I obtained was Mauxal, a flower 
of rare beauty, wltb a dei'p carmine center, margined 
by pure white. It was at ois-u nsHigulai'd as coustltat- 
lug a new tyiM'; of vigorous growth, and what was most 
luiiKirlaut, Uie flowers bad good keeping iiuollty and 
did not wilt or cliaiigi* color, If shielded from tbe snu, 
even bi the heat of sumiiii'r. Tlie great drawback wltb 
all mornlug glories, botb .laisinese and Ainprlean, Is 
tbo lack of iiermauencc In the flowers, wbleb either 
wilt or ohaiigc color soon after sunrise. 

Uanxal was produced os follows; In the summer of 
1011, a red Japanese morning glory was selected as 
the female parent and bybrldlied with the poUen of 
tbe white moonflower, aa loUowa; tbe flower was de- 
iwllenated and the pollea of the moonflower applied 
by anploylug the reflexed flower as a bniab. It is 
suipoeed that In this solitary Instance, some of the 
Htigmal fluid of the moonflower was transferred In tbo 
procQBS of polleuation to tbo stigma of tbe morning 
glory. Tbb) hybrUllaatlon was made more than a year 
prior to tbe discovery that the aUgmol fluid was eosen- 
tlsl to the devcligimeDt of tbe isiUen In the tIntillMtIoD 
of the ovary. Aa stated, only a alngle flower thna pol- 
icnated produced seed. In 1912 this seed was planted 
In « flower pot (12 Inches In diameter) and early In 
July the new hybrid bloomed, and tto seU-poUenated 
seed was jpated. A few'flowen of Banial, aa an aaperl- 
modh were again crossed with tb^ pollen of tbe white 
moonflower; tbe procedure, employing the stlgmsl fluid, 
os deeerlhed, was varied in tbat the poUen of tbe 
Bansal flowen was not removed. Hevernl flowen, tha 
at once self-pollennted and reinforced with the piMlen 
of tbe moonflower, produced seed. 

Id 1018 these two lots of seed were planted under 
like conditions; but from germination to maturity, the 
plants that were twice er oese d with the moenflower 
were the most vlgorona In growth and their flowen 
were more nearly true to type. For this reason, these 
plants that had been relnforoed by inbreeding with the 
moonflawer were selected to carry on the strain and 
marited Banial No. 2. 

I'be dbigram atteebed hereto shows graphically the 
several steps followed In tin seasons of 1011, 12, 13, 
and 14, In ortglnatlnc and In fixing true to type tbe 
hybrid morning glory Banial. 

Tbe sdf-polleiiated eeed of Banial, Nm 1, prodneed 
eight plants tn the second ^eratloa (1018), that were 
carefully watched during growth. None of these seed- 
lings appeared to conform to Ifendel^ law. In 
sembling the male parent, more than did the origlual 


hybrid Uauial, Na 1, tbe female parent ceatlDnlng 
Uumlnant There was, however, a noticeable decrease 
In the vigor of groarth, cumpered with Ranml, No. 1, 
uotwlthstondbig tbat the soU was rich and growth 
stimulated by watering with liquid fertlUaen. The 
flowen were abui somewhat smaller In else, and a 
tendency was observed to eliminate the white border. 

About this time, tbe results of other experiments 
with these flowen ludlcatod that this reinforcement of 
a hybrid, by inbreeding with Its mole parent, might be 
Improved upon, by tint depoUenatlng the hybrid flow¬ 
er and treating the stigma with the developing fluid 
of the moonflower, os described, then applying the 
pollen of a number of flowen of the some hybrkl, and 
HnaJly rubbing tn tho pollen of the hybrid, using to do 
this both the antben and stigma of two, or often three, 
moonflowen, thus In one operation fertilising tbe 
hybrid flower with the iioMen of flowen from the same 
plaut, or preferably, with the poUeb of selected flowen 
from another plant of the same hybrid, and blending 
therewith not only the vltallalDg fluid of the atlgma of 
tho moonflower, but the poUeu of tbe moonflower oa 


This method of dual fertilisation waa employed in 
the season of 1013 In the endeavor to Ux Bonxai No. 2 
true to type, wltb the result that fully CU per cent of 
ibe flowers so treated proibiced seed. 

Dbigram of tbe multiple taybrldbring of a JaiioneHe 
morning glory wltb tbe iKillen of tbo white moonflower 
in producing the original hybrid and la tbe suci'csslve 
rcpollcimtlous wheretiy the hybrid flower Is made to 
N'produce Itself true from Hml, and has imparted to It 
III) IncrcnMeil vigor of growth. 


SRABON »r lull. 
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|\Vblts HooDfliiwiT Itvd Jnpsni'M Unralas (llory. 

Dviwllcnati'd and tbs poUsn of the 
|miH>nno«er applied, by emploibig 
I tbo ivllexsil dower ai a broab. 

It' la HUppeeM that In tble In- 
atance auBW of tbe stlinuil luld 
of tba mooollowar was trabarorteri 
In tba proeon of puUenatlon to 
the Htlama of tb* unrnins glory, 


SxanoN or 1012. 
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banasl, No. 1 
jlUnt ameratlnii 
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wltb aUgmal fluid moallr npollan- 
eted with pollni of the mooDflower. 
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These seed, planted In 1014, prooucea uonsai, Na 8, 
tbe result of twice Inbreeding the original hybrid with 
Itself snd wUh Its male ptrent—In fact, Hsn»i Na 8 
may be looked upon as lha third, flrti penaratitin. at lha 
original hybrid. That no true second generatton, or sec¬ 
ond year’s growth, took place, cmutlng from tbe year 
that the bybrldlsatton waa performed, is at Interest 
In Its possible nlallon to the ofwratloo ot Wendel'B 
law. 

Tbe snecetelre poUeoaUans ot the origliial hybrid 
with tho moonflower cauaed a notable Inerease In 
vigor of growtb, the learee becemlnf broader and tha 
white border of the flowers mm pranliNnb-ln teot, 
the cmnnlatire effect waa to socahtnate H»»-t qnaUtlas 
that appear to have been dtelred Irem the moenflower 

In Bonifll, ofl thus deviOoped and flied, the female 
permt U dominant; It haa Inherited from the moan- 
flower vigor ot growtb end Inmeased nbetence In the 
flbwere—tbe flowen ere alao merhed by a white border; 


. If picked early In tha morning; tha floware may 
t In an loeddMat (at a taaipetatate at about BB 


fl the TtaMi wUhent aiiming natU 









The Planet Jupiter* 

Possible Explanations of Some of Its Phenomena 


By Rev Theodora £ R. Phillips. M A. F RA b 


liiouoii laLklnc In tli m ■p4xiBi (utum which In 
the iM 1 olnr vW Invent Man wllh loch an aUnoapheK 
f r mamv JuplLet uevertheleia ilaima In an equal 
legree Ute iloae altei tlon of teleaoo|de obaervera In 
(iMd to tin amaliur whoae optical raonicea are nanally 
of a modest i store Jnpiter afforda a fhr more profitable 
tlehl for work than Han wbuaa email disk onij now 
lid apili pnaenu develupments on a aafildantl; large 
wale 10 In ueU within the giaqi of small apertures. 
Hoch a development on Han haa occurred In reoMit 
}tan In the Nepenthes I Hoerla, and Thoth regloa 
I ut I roadly iqieaklDg It nmy be said that, even In large 
InatiumeilB, the aiirmlmately sUble features of the 
nmalkr and more condensed planet cannot, In the nature 
f Ihliige present constant and unexpected ehangee 
■wb aa lomand the watchful attention and SHiildaotta 
w rk f the haervor of Jupiter 
As rtkanls i hyalcal e ndltl n, it has long been rocog 
I Ised that loi Iter haa mai y polnia of analogy with the 
HDD Its density bi the name and It la genirally In 
firred that like the aui It la In a heated and expanded 
oi lltioi and that If n I aUll larUally gaseoua It la 
at any rate In a vlsn ns and semi liquid state Many 
ftatnres too of superficial resemblance have been 
1 Inled ul by varimu Inveadgnton To refer to two 
f the m St striking and obvious Instances we may 


As regards the firrt of thane It has been suggsatad by 
Un (Astroa, flackrkht 0 n, Band ISSvMo MIS) that the 
reuauu Inplter has belts Instead of loatea of spots la to 
be found In lu rapid rotatton The material forced 
upward from the loww strata of the planet bringing 
with It a smaller linear velocity than that of the snr 
face, streams eastward and aasnmaa the appearance of 
elongated streaks If the centers of eruption are snfll 
ilently numerous belts are fenaed and It Is raoested 
that were the anna ritatioa miteh more rapid than It 
is the Bolar surfste at spi i utaxlmum sronid alao pru- 
seut dark streaks or belts. 

In acconlBuce with this theory of belt formatloa It 
wUI be remembered that the great revival of Jupiter s 
I >rth eiiustorlul belt In 1912-1913 began with the out 
break of a few Is lated dark qiota which quickly spread 
at roni 1 tlie pUust 

As regards the second of the aualoglca above men 
Uoned It will be recalled that tht nution of the auu 
(on be falrlv represented by a simple empirical formula 
the velodtv being related to tbe latitude end dlmlnisb 
Ing from tbe equator toward the polea. Now CaaHnl, 
In 1600 found that n spot on the equator of Jnpitar 
required about live mlnntaa or so lami for e rotation 
than an object In tho aontbem bemtspbere end subsa- 


’ 0 ''' # 


ng 1 July S4th leis h ~ as* x, s ai 




queat obnervatlaae have eHabUahad the earietanee of a 
tepid equatorial eumt as a panaunt featmu of the 
vlalbla snrfhea of tta ptaaaL It la trim that the oaaM 
of JupHar and the eon are net qtdto the asms, on the 
termer there la no gsoaral Inotaaaa In tha retatten 
period with Inoceaaliig latUoda but a aod daw and 
abrupt chanpa In tbs vulodty In both hs Ml igheiua at 
about laOtodo T dwroea. Tha equatodal eturent of 
JapUor la thersfOce Ulm a sslghtj rtfur ahaiply bounded 
by two banka which art nsnally Indlcatad by the two 
gruat aquatOTlal bhtts* Beyond Qmm tbe anangement 
of tbo ennonts It ttttynupttvlMl fi» ^ jn tbt 

two hendapheraa but notwltbataudlng Unsb differ 
encee the analogy between the equatorial aoBelamtlooa 
of the eon and Jupiter ta very atiiuiig and It la hardly 
puaslbla to doubt that the causa In ea«di caee la tbe 
mmm 

It le not Intended In tbla article to dtacuse In any 
dauU tbe idiyslca of Jupiter hot tbe analogy to whlih 
atteatlan haa been drawn between the plaiiat and tlie 
eon, euggrsU certain pwwlble esplanatli ns of aome of 
the planets pbenomeua 

(s) It his been hnnd that certain nmapots appear 
to be vortlrea, and exhibit a whirling motion It la ang 
geated that many of the loTlan qiole are ut the same 
nature and aiu tbe reeuUs of dlstnibanoea wheas 
orlgiua lie at some depth below the euperfleUI layers 
Kritalager (see B A A Journti, volume sxlv Mo 9) 
thinks It prohabla that In aocordance with Brndma 
theoiy of the kunspi t eonea a numher of dlaooutlnuana 
Hurfeeea are developed within tbe pUnat, end that the 
edges of theae different snrfecea at the houndaty of tbe 
disk produce tho belts. Tbe aSaet of twp teneatrlal 
ataMupherlc Uyera of dlfferant density with one gild 
Ing over the other In pradndng ehmda of the diro. 
cumnlns type le well known and it is hintad that the 
Jovlen spots have an snalogons foimatlao Imn also 
(Astros AaoAHchtes Band 190 No 4018) coiMldeni 
that VI rtleve are formed along the line of oontaot be 
tween the gteal eqnaturtal current and the dower mov 
Ing metertal urth end sonth 

It Is now very genenilly held that tbe Oreat Bed Spot 
Is a vortex Xhat it Is not a aoUd featnie iff the planet 
Is pr ved by Its extensive wanderings but at laait It Is 
mib permanent and boa Indicated a center of dlftnrb 
Slice wbldi has existed certainly for ever «* g»«|y yearn 
as Ilennlng and Krlbdngtr have independently shown, 
and probably for over two hundred and fifty yanro. The 
Idea that the Bed Spot Is a vortux Is weU supported by 
the bdiavlor cf the dusk material fonaliv the South 
TroplGal Dlstnibeuce or SdiMer which baa been en 
prominent a featura of the disk during the but thlrtaen 
years SU times haa Oia Distnibance which la altn 
ated in the same latitnda is the Red Spot ovurUken 
tbe buter and ifai behavior at soeb hims thongb atlll 
In soma napecta mystarkms la neTecthaleBa Inetmetlva 
Now It has been obeerTad that as the p end of tha DIa 
torbance approochaa the / ebonldrr of the hollow It 
bseomes aeeelerated bnt that after Its appearance west 
of tbe p aboalder It Is rstarded. Tbe Mine thing le 
tine of tha / end. Tbla la strongly snggestlTe that tbe 
Bed Spot la a cmiter of attnutlon a vortex whldi 
dinws Into Itself tbe enmiuiidlag atatmlal. It la bow 
ever not oertaln at what level the Msturbence movee 
Lan eooaldera that It poaoM nnder tba white material 
ovirlytng the Bed Spot, and certainly little or no trace 
of It la eeen during Its passage acroee tbe bay On the 
otbw Imad, tbe ontUne of tbe Spot IteHf bee ifMiyttii ifii 
ban felntlr dlBoemed during ooujniietloii, whleh eng 
gsata thut the dark matter U mostly wbMad nmad the 
ptriphmy of tta vortex and pasMi oat on the p Hdh It 
boa baon -lAssrTad that tbe ttma o^uvM In 
tim the ; te the p ehonlder* by the ends of the Dto- 
turtanee la very doddaOy a6actalF than the tima qn 
any rtqtdrad to mova over thd afihw dWuM ilaairhiii 
Mm vertoK theory alee nia lu e the fbrmittleq ef tta 
bey erhoOow In wbM the Bed Bpot Bni ahita t^ 
drawing In of mattoir tarward the ernffw at the Ktmr 
latala mnet be eeaoapauled by an patwwd flew at n 
giaatw attUnda. TUe MMr my vtor w« fltton Bed 
the metarial ut the mnA afluntottM b^^e^ 
quentty give rtoe to the flpfwttian off tte to dUflewB 
beyatItoMMkadd ^ 

t»> na addhtottol e fi o4ir fit lh n off Mb* jttat 

nfthebg^WtoNtifiilhfletoHhiflflwMip. Xfl<lek|n 
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•rtlBti >bon ftCatna to ««!■ of tt m • rarrlTkl tran 
M «u11«r toodltiM of fbton and apsuntly eoiiildm 
that It hu Ito orl0B In Um fUUnc In of putIciM pm 
wmMag a giwtor amalar vrtoetty tbu tot pltMt itmU 
WMtoar too ouaMnad maBMBbun of tndi partloloi 
trooU be Mfldaot now to i«odiiae an appreciable effect 
mj bo eneattoiied but If the maaM of Ibe plamta 
ant ton ana have bean in tba paat miicb lucieaaed b> 
toe aeoatlon ot netaorlc duat partlclea revolrlnc In 
direct oeblto toe tendencir «ouId certainljr bare been (u 
prodnoa an aoealerated aopeideial eqaatorlal motion A 
aUapie eeleniatlon abowa that particUa reTolfing cloap 
to toe eon a euftee would perform a rerolnUoii in 
rouaUj torto houra, whereat toe tun Itatlf raqnirM for 
a rotation at leaet twentr fire daya. For parttaUn one 
hundred mllta above toe preaent aurtaee of Jupiter and 
apota M toe lovlBn equator the eorraapondlng tliiiia 
are ff hotiru OT mimitea and 0 boon 00 mtnntaa ratpeo 
tlvely ffbe atme kind of thine la true of Saturn aiid 
it aeama quite poatible that we hate here at any rati 


U mlnotte 43 aeeooda ± In ISOO but in the year 1011 
1014 (bom oppoaitlon to nppuaitionl toia bad beenn* 
reduced to 0 houra BS mlontea 30 aecouda ± 

Fig 8 tbowa the ohangM in tba roUtioo period if the 
kreet aqnntorlal current ainco 1819 The diagram la 
baaed on vtilgbled valnM derived from the reanlta f 
varlona obeerveni (if papen by A 8 WUllnma U N 
volume Ixlll iwge 14 volume lx page 400 v lumo Ixxi 
page 140 W F Denning UN volume Ixlll pngi 131 
Major P B Utkaworth UN volume Ixv poke API 
and ao on) H A A Jupiter Section Kemolni and ao on 
and ahowa that toe rotattim period in 1013 waa | cacti 
cally toe tame aa It bad been thirty years mrller llu. 
curve exhlblta a alight secondary minimum nbont 1000 
ahich gives It some leae m blauce to the light curves ot 
variable stara of toa /I Lyme type but obeervatloua 
extending over a mnch longer period nre needed to ehow 
whether or not toe ihangea ate deflultely periodic 
lome reference to the pceeent niqieerance of thi 
1 laiiet mai be it iaUnat A comperison f Ihe draw 




big 8—BotntlMi period of equatorial enrreat 1870 to 1S14 The value for 1014 is baaed on obecrvaiione 
from May to Angusl only 


one fketor In toe produilkn of the rquatorlal acculera 
tom exhibited by the laigtr ballos of tbe eolar aystem 
A polut ublcb baa attmebd toe ilvae atteiitloo ot 
toaarven ot Jupiter la the \ariatlon In toe velocity ot 
dUBgrent pirta ot tbe disk Separate and dlatlnct cur 
mita In toe anrfUce matarlal of toe planet wboee latl 
todlnnl limits show only small changes bavi for several 
yentli bean raeagnliad but toelr laiea of moUon an 
ftniBd to be variable Tbe drift of simta dlffen sUgbtly 
fretm year to year and there la reason to soppoee that 
In noma limtanoaa the virlatloiia In velocity are of a 
Pirlolte utnre with minor flnetuatoma superposed on 
imliu wavaa of oonaldfrablo amptttsde Sometolok ot 
tUakliid aeeae probable In tbe onaes ot toa Rad Spot* 
^ the gnat aqnatwlal enrrait The motion of tbe 
rorm a r ban boen tboronghly dl a easo e d iqr Dannlng and 
bff i^rttabuer IndependnUy and a period ot raagbly 
Sfljrfeqiabaaboonnoggeitad Fig 7 ihowe llie changes 
iilthe poUDoiiel toa Xad Spot dnrtnt toe last twenty 
iSun. ItwUbaiamittntriaMlSOltbelaiigltodabaa 
ffbMpUlad bff wtf OTor two bandnd degrees. The 




li ks of 1011 (see Klgn 1 and J) ullb to we of tbe lur 
nnt apparition abows that lonaklerable iIiiuikch have 
boon In prugr a as and Illustrator thiae cbaraiUriatIcs of 
lbs snifnce marklogs which render Jupitei s sttnic 
Ihe an object for tclesciplc acnittny It will li seen 
fiom Fig 0 tout the South rropical Dbdurbance Is now 
Wr of tbe Red Spot hollow bnviag Just comi lited Its 
sUtb oonJuDCtlon with that objmt and that toe Bed 
1 iwt itoelf baa once more emerged ae a welirkllaed 
elllpac To toe writer however It sbowi no trace of 
rrd hut hi neutral gray piesentliig a strlkbik conUaat 
to too warm tone of the south equatorial belt Tbe 
bmgltuda («i) of tot Bed Spot at tbe end of Augnat 
wai about aOS degreis Tbe Stuto Trupical DIstnrb 
ance now extonda over 110 degreae ± in longltnde toe 
pfsltioiw (wi) determined at Aahtend at the eloee of 
August beliig Preceding end, 63 degreea following 
cud 171 degreea ± 

It will be seen that markod ebangea have ooenrred In 
toe north oqmitorUI nwto tropical and north tern 
perate regloaB of tha {dnnst The brilliant aggibaped 
imvMbF i whleb In 1018 formed a Mt round toe north 
pert of tbe equatorial tone ban beoame dagradad Inh 
amallcr and Icim regular white areas while tbe dark 
protabartnom are also very anequal In alie itaape and 
dbdnnet apart Obaarvatoma of thirteen nortb eqoa 


torlal marUiigH down to tbe end of August rive a mean 
rointlon pwlod of 0 honn BO minutes 17 4 seconds 
which Is a sUght luorcasc on the value of last year 

Among recent deveb pmenta moat be mentioned the 
( rniatlon of dark m Is m tor U >rtb component of tbe 
I rib equatorial bill sllh white Intermediate areas 
iHime of them lerv triki t) n the nglon between the 
In i lupoiints f thi hilt Still mere Intemtlng la 
llie t rm nsvumeil by sime f the durk marklnas They 
le dlsMnctlv srehed In Ibe s uth and inclose small 
Irllllait iblu. spots tlu> appcarai 'i Ik Ini, suggeatlre 
t I ridges ni s mellmis links if a cbslii At least 
seitn objects are of tobi charniter and an Idea of toelr 
strange form muy be gained fr m 1 Ixs 4 and 1 Obaer 
nations of sennleen objeds In tliU r rion show tbe 
lotaMrn period down to the eiil f August t j have been 
1 b urs BB mlDutee 806 nee nds 

Auotbir striking difference bet will the attiarance of 
the planet In 1018 and 1014 h furnished I y the eouto 
etioalurlal belt Almost uniformly dark In tbi f rmer 
year It baa recently conalsted of two widely wparated 
lands with n pale orange region between them 

The PhToMocy of Worry* 

By Erie D Forrest M 0 

With the poatible exception ot these in the period 
of happy ehildhood everyone la at timea n victim of 
worry In fact the avarage Individunl thinki of and 
aeeei ta worry much aa ha thuiks of and accepts die- 
Bgit sable weather oimditiona —aa one of tbe bitter thuga 
of life whieb mnat be talcen with the sweet In other 
wirds he regardi it aa a fact but does not attempt to 
analyse it The wioeot thinker* of all timea have 
rnnogmxed the condltMii and muiy well known writera 
have e xi ires so d their views its psyohology What has 
not been suiBoieatly roeogn i a e d however onttl very 
retentiy la the Imporionee of worry not merely In itself 
as impiymg the nfaaenoe of happmeaa but u too eauio 
ot illa fat gieatar than itadf t^ oauae pndiaporing to 
secondary manlfmtatlonB which wonld otherwise have 
been eaoaped altofether Hnving fully eomptebondod 
tola tact the next logMal step In asientlOo pcograaaien 
M to detennine the exact maohanlam by which thcao 
diaturbaiMies are brought about Through the eon 
jomed eflUrts ot poyahologlsts and pbyriologistB we are 
just beginmng to raaeh the tiue phymoal baaia of this 
important anhioet 

The keynote of worry Is beyond doubt a dbluib- 
anee of ite mind It may he deflnod as tha rcstloos 
mnuoioaanem of all anaanibiaiiMB which we aooept 
uiuUr protest To elabocate thk deilmtian. It u the 
mind a unrest about anything whlob ooncerna us whether 
It lelataa to our future our deer ones a oanae we have 
nspouied onr happusM our salvation onr means of 
vnppwt our position m Ufa onr health onr fate or onr 
sneceea m general It does not (onaist aolely in our 
iDteroat in all these Ihingi It la rather a di^uKtude 
aniing from a feeting of belpleoanew hefire the von 
one ohaneos and doima of bfo The popular opinwn 
Kcems to be that the mental oondibou Is one ot depreasion 
noasiMy heoauio the phyaieal manifettaUoni an ebieily 
1 pnoaive in nature The fact conn >t be too strongly 
imphaaired howevw that the primary mental condition 
IB one of ovaraetivity and mr mover overaetivlty along 
lines of fixed Meu 

Without taldng up Individually the phaeee ot worry 
brought about by the venous apo<^ oauaea tbe phymoal 
manlfcetationi of worry in genaral may be sold to be— 
ilepranoD of napmtioo aigfaug dlaturbanoes in rate 
and tome of heart beat voaomotor ohangea diatnrhaaees 
in eeawtioD poDor eoM extremities relaxatom and de¬ 
creased motiUty of tbe ahmentary tract dilatation of tha 
pupa loss of weight Imomnia and general physical 
izbointion Tfaase distuibanoM may vary In their 
ITominence end may appear aa groupi of lymptoina 
iharaitcriung wdl Imwn diseaica Thus worry is 
s nuetimes an important agent in the prodnotion of die- 
letes gout exopbtoolmio goiter and ohronlo haart 
disease 

Inaamnoh as worry is prunanly a disease of toe mud 
Mid auuM every portion of the body la uUmatoly oon 
neeted with every other part by a net-work of nervous 
tiioue of gTMt complexity we naturally seek for tbe 
cBUiea ot those manifastationB firatofall Inthenarvoua 

In every individual at a givon time then is a limited 
aiuoupt ct potential enMgy stored up In tha ealla of 
the brain This funatMin seems to rest in tha ohramatln 
gnnulea of the nerve cells and it has bemi ahown re¬ 
peatedly that a liberation ot nervoua energy, whether 
in reeponie to a psychic or sensory stunnlui results 
in a physiologieal dcgeoacation ot 1^ chromatin gran 
ulna and eraasquently of the eelli theaiHtvns Obvi 
oQsIy a pndemi^ dmeharg nf nsttoos energy dinun 
uibes by so mneh tbe amuont left m tbe brain oelli 
Furtharmoro itlmnh ot suSeient number intensity or 
duration may cause exhausti on and death ___ 

• Pram tlM Msrirol Jitnrg 
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Ktaclly thi'i plirDomonon oooun in tlin Rlitc ot wotty, 
oxoopt tlinl IJK. ilegrfa ot fntigne mely rewh* tha fatal 
extreme. Throiwh mental overaotlvity, and the oor- 
iwpondlng ehromatolyni In eoUi oonwrned In mental 
prooHMOi, dleeharKM ot nervoiu enatsy to all parte of 
ihe body Uke place UirouKh the oorebroepinal axil and 
the nympathetle eyitom. Whether the aetlon of a given 
ntrueture Is aagmnntod or inhibited, of eonrsa, depends 
upon Its Inersatlon. One of the most eonsUiit effects 
of suoh long-oontinned dueharges. however. Is the pro- 
duollon of a certain amount of tonlo contraotlon of most 
of the voluntary muwleii, which, if at eU notksoaMe to 
tho Individual, ho describes as a slight inorcmis of body 
toniloiie 

A physiological d««i ncmtlon of nerve eella U notmally 
offset by a slow rcgonemtion, ocoumng during the 
periods of phjmosl and mental repose. In woaj, be¬ 
cause ot tho fact that the natabobo procees la at first 
more raind than tho onaboUe, graduaUy diminishing 
as tho lower bmlt Is appnmched, and because eontbiued 
mental activity gives rise to Insomina, a period soon 
arrives when the expenditure of vital foroe In the shape 
of fibvlr.iM work done has reached a point whMe the 
rogoneimtive proness. slow as It is, 1» just about abls 
to offset tho breaking down. Tho phenomena express¬ 
ing the depletion of the vital foroe are termed “physical 
exhaustion " This is to be distinguished from "shoeV," 
wherein tho stimuli lend to no ohvious work done, and 
the expenditure of energy is extremely rapid. 

The sympathetio system, probably heoauso of its In¬ 
timate relation to vegetative funetioiis, seems to bs 
suseeptihle to a much slighter degree of stlmulaUon thsa 
sre the nerves of the oerebrosplnal axis When, in the 
eourso of evenU, therefore, tho latter nerves are no longer 
able to respond adequately to tho stlmuU ansiiig from 
tho mental activity, the sympathetio is apparently capa¬ 
ble of earrying on functions even greater than those 
which It IS normally oalled upon 1o serve. 

Bearing these faeU In mind, wo see a posalblo ex- 
pUnation of some of the various physical phenomena. 
Kor instmion, stimulation of tho sympathetic, with a 
decreased setivlty of tho tiioUir oeuU nerve, oaueca diUr 
tatlon of till! pupil Dopnnaion of the vagus, phronio, 
and intcreostal nerves doereases the breath rate. The 
sigh, so often observed In worried individuals, la simply 
a very deep inapintkm which uooasiunally takes place 
to oonipansate for what would othersise be insiilBelent 
oxygenation of tho blood. Through depromkm of the 
vagus and the simultaneous stimulation of the sympsr 
thotlo. the heart action frequently becomes rapid and 
weak. Tho vasomotor nhan^ are obiofly oonatrleUon 
of the peripheral vessels, duo to stlmulaUon of tho sympa- 
theUe nervM. In this oonneotion the rooiproeal aeUon 
of tho vrins of tho omentum is brought into play, these 
vossola often becoming enunnously dlstondod with blood 
Constnctlon of peripheral veeseU. combined with cn- 
foeblement of tho olroulatlon, s«ioounU for the palor 
and cold extremiUea so often seen. The eoeretiniu are 
often deeroased In amount through narrowuig of tho 
vessels supplying the glandular tissues. The extramoly 
dry mouth and lips which probably evoryone has ob¬ 
served when he has been worried U a familiar example 
of this. The ibmulation of the sympatiiebo may, on 
the other hand, he so sev ere as to bring about in creased 
secretion in spite of tho diminished blood supply, as is 
evidenced by the so-oallod "riild sweat" lubibitioo of 
motility of the stomaoh and mteeUnes appears to be 
brought about by stimulation of the splanohnie nerves, 
again a part of tlm sympathetic system. 

In addition to the nervous system as a means of eo- 
ordinating the various parts of the body then is a 
method whloh makes use of ehomioal proeesses. In 
some of the lower oiganiims this latter method Is the 
only means of unifioation and la developed to a rela¬ 
tively high degree. Tho dlffoTonce between the two 
methodi is essentially one of time, the nervous system 
lieing obviously the more rapid by far. These chemical 
substances have been given the names “honnones” and 
“culyonei,” acoording to whether their funcUons an 
thosa ot augmentation or inhibition. They are all 
Included under tho general heading of “internal seote. 
tlons” 

Internal aeeretiiuia are subatanoee produced by gland 
cells frum raw materials furnished by the blood, which 
are afterward passed back to the blood or lymph stream, 
to aesiit in regulating the general nutrition of the eoono- 
iny or to eerve some more speciflu purpoee of equal Im- 
portonoe to the organism. They differ from tho better 
known or external secretions in thnt In all typical eaaas 
the latter are poured out upon epithelial euitaaea whloh 
eommunioale with the extenor, while the internal eeero- 
tioDB an diseharged upon the oloaed endothelial sor- 
faoea ot Uw Uood and lymph vesrols. With their da- 
velopiMI* In any organism, a susceptibility to tbeir 
aetl^ must arise In certain of Ita stnietuns. In the 
braadest Sanaa, internal sacrotluna must bs looked upon 
M aometUng oommon to all aetive tlasuss, but tba best 
ktiown and probably the moat important onsa an 
prodneed in the livar, panorcaa, thyroid, adrenals, pitui¬ 


tary body, and probably tba ovaiy, testis, tbyans, 
kidney, and a^deen. From the itaodpoint at tbair im- 
portanoa in worry, thoaa derived from tba paneieaa, 
pituitary body, thyroid, sad adrenal gjanda seem to 
oeeupy first piM aoeording to the theoiUa avotved u 
the result ot the moat rueent investigations. 

For axperimantsl aorroboration ot our tbeorlas wa 
an oompeUad to make use of animals, suoh u the dog 
and oat. beeauee ot the faet that ohamieopbyaloliigieal 
experlntenU aueb ae these n e e ess i tata extanaive and 
duigarous snrgioal proeadurua. Tbenin Usa a great 
difiloulty. Although the aalmaU ate teadfly obtainaUa 
wa an never sure that a condition of worry analogons 
to tiiat fonnd in the human organism Is gimnlated. These 
animals an, however, vislUy suaeeptiUa to sgeuelee 
producing fear, and by nuxtifylng the reanlta obtained 
while they an In this state, in aoeordanea with the In¬ 
timate relation known to ei^t between tear and worry, 
many of the tbeoriee regarding the influeniw of the 
Internal soatetiona may be substantiated. 

The funetion ot the internal seeretion ot the pancreas 
seems to bo that of aaskting in the oombustkm of gly- 
oogen, the product of starofay materials Ingested as food. 
In the museloa. Muaoular oneniy la derived from this 
oxidation, but hi (wder for it to take plaeo two termenta. 
ons produced In the muKle itself, and tha other the In¬ 
ternal seeretion ot the pancteee, must he present in 
quantities of a eertaln definite proportion. It the halanco 
is destroyed it oannot take plaoe, sod the auger secuinu- 
lating in the blood to more than the normal peroentago 
appean in the nrioe. 

Two theories as to the purt wliloh worry plays m 
diabetes deserve onusideration. The first is to the effect 
that the panoreatio ferment Is deoieaaed, owing to oon- 
atrlotion of the blood-veiaels in the glandiilsr tiaeues. 
The other is that by stimulation ot the sympathetio 
nerves the seeretion is inereased. The latter theory 
■eema to have the more snpporten, but in either ease 
diabeta results from an overturning ot tba balance be¬ 
tween the musolo ferment and the iwoduet ot the Islands 
of Isuigerhana. 

Worry also aoerns ti* increase the iuternsl secrolion 
of the pituitary body. Recent expwimente show oon- 
eluaivriy that an excess ot pitultrin in the blood, without 
other oomplloations, prodneos a marked nso of blood 
pressure uid a slowing and strongthenlng of the heart 
beat. It appears to slow the heart by aoting upon the 
peripheral endings of the vagus, the oerve whose funetion 
It is to bring about that phenomenon normally An 
Interesting feature of its effect upon vasomotion is that 
while moat of tha peripheral vcssoIb an oonstrioted tho 
arterioloi of the Udneys an dilated, allowing an abundant 
supply of blood to those organs. At the same time, 
pitultrin exerts a diroot stimulating effect upon tho 
secreting eella of the uriniferons tubules. These three 
factors iuoroavod blood supply of the kidneys, Inereased 
blood pressure, and hyperaotivity of the seoreting eelli 
—may well aooount for the marked diuresis so often 
obsorvod in worried Individuals. 

Oocasionally, after long-oontituied worry or extreme 
fright, the symptom oomplex—known as exophtbalmio 
goiter—is observed. It probsdily does not affeet an 
Individual unless a pnvlonaly enlarged or disturbed 
thyroid gland is present. Ilowevar this may be, the 
disease Is undoubt^y issodated with a hypecseontlon 
by this gland. Knee It la supplied by the sympathetio 
it eemns reaeonablo to Infm that this ovenoantiou is 
brought about by the uUnioIation of its eontroDlDg nerves. 
An excess of this substanoe in the blood, in oontrast to 
the effeoU of pitultrin. diUtos periphsral arteriotos, 
probably by a direot sotiou on the mnaola In the veasri 
walls, bringing about a visible flushing of the sUn. It 
also appean to have an antagnoatio affect upon the suh- 
stanoes which influenee the nutrition of the body, as Is 
eridenoed by the rapid lota In wsl^t In this dlaeaae 
and the exeretion ot large quantitiea ot nitrogen, carbon 
dioxide, and water in the unne That It has a defini te 
action upon the nervous system is shown by the trssnor 
usually present. The pulro is at the seme time re^ 
and t^bUng in oberaeter. 

The affeeU of the Internal seoretions thus tar oon- 
slderud must not bo regwded as eonataot manifesta¬ 
tions ot this emotion. In fsot, the oases are relativsly 
rare In which diabetei and exophthalmio goiter do eoeiir. 
Inasmuch as we have come to ssoribe to all body times 
powers of seeretion, Is it not entirely loasonabla to pre¬ 
sume that secretory disturbinees fai one organ may 
be offset or held In eheok in a majority of oases by prod¬ 
ucts of othw struotnrssf We know ^ to be an almoat 
univetMl prineipla in animal funetioin, ex einpMflo d by 
the oppoe^ aotiona ot the vagoa and aympathetio in 
the control ot the heart. Denied this Ubsrty, we een 
only, atprusent, make um oftiw vegne tsem “indlvldnel 
raoeptibUty" In explaining thii seeming inoonsbteney. 

There k an intsmal Msntloa. kowovor, diet of the 
adrenel gianda. whkdi appears to he atwaye asaoolated 
with the most oonatanl efloets of worry. Adrenalfai, 
or cpinwhtfai. aa it is eallad. Is an aiaeileBt eumple 
of tha rnannsr In wUsh moat of the intnal lamlloM 


other, for it hM beto ahowa dud It dose Ml net apop 
•ny organ or dans haa M lyapMlwde «r wto- 

nmnionarvaiapiiiy. In faet, ill point of attaekwPMaa 
to he the and atboriaadoD of tba Mm fiber vriiara it 
Jotnatbamuaslaardiau. ThapioienaaQfi^tydolaclaal 
quandtisa of adranaUn to tba hi^ aaau to be a aaeia 
seiy condition for tha nonnal funetlonlng of tiM aatita 

The seoretian of adranaUn la oontroUad by tha aympap 
thatio and la inntsae e d In wony. Wa oaiDwl aay that 
lU pnaanee In the blood in abnormal quantltiaa la iw- 
sponiB^ altogether for the phenomena whloh are de¬ 
pendent upon the autonomle nervea, tor we have aeen 
how the inoreared stimulation iff the synvathstio, by 
maana ot mental overaetivity, ean bring about tbiaa 
things. U does, however, magnify tba aetkm of tho 
sympatbetle and is eapaUa ot mslntalnlng this aetion 
alooa, for a eonaldenUo period of time after die aym- 
pathotio stimulation has been removed. The latter 
phraomenon is aeoounted tor by the faet that dien li 
an antogenoui eontinuanoe ot moot of tba internal seoro- 
tiont, Ittoludlng adrenalin. In other wordi, thero sub- 
stanoee, eomlog In ooniaot with the timea wUoh origin 
DaOy prodneed thorn, trad to stimolata stlU further 
prodnotion After a time, however, even tide mode of 
adtenaUn derivation oeaeee, tor the blood gradually glvea 
up its epinephrin by aeration in the lungs. 

After the torngolog disousrion It oan teadOy bo soon 
that many features of worry bave not been eonaldernd. 
This oondltion, together with iU aUied amotions, oon- 
stitutos an enormous field fur tnrtbor aetratiflo invtsUga- 
tion. In view of the rapid improvemaut whliffi modern 
laboratory teohniquo is undergoing, and the inereased 
intoral with which experimentslista are viewing paycho- 
phyiiologloal matters, there la a great pnbabttity that 
within the next few yean many of the remaining doubt¬ 
ful polnte will be satiafaotorily oxpkdned. 

Storiiig Heat 

AiiumtiNO to a story In Potter a stulc dinner was to 
be Riven in a castle in Oermauy In which Hiere was 
uo heal log HyMtcm, but aa this medhevtl condltloa 
could not he tolerated In modern times, for tha dinner 
was a fuiicllon of recent occurrence, the englneere 
were asked to beat the building tor the occaalon; but 
It waa speclflcd that no portion of the heating system 
was to lie risible in the room. The reanlt was acoom- 
pIlKbed by means of stored boat. For a nnmber of 
days previous to the dinner, the floor of the dining 
room was covered vrtth steam pipes and these pipes 
were krat hot by means of a temporary botlpr. The 
day before the dinner all the pl|iea wen removed and 
tlie stored heat In the walls malntaloed the room in 
H perfactly comfortable condltloa for a nnmber of 
da}8, although the outside temiieraturo was well be¬ 
low the freesing point 

Organic Matter in Uie Soil 

In the annnnl report of tho Bureau ot Holla ot the 
U. a Agricnltnrsl Hepartmcnt la the following state¬ 
ment In regard to the Importance ot the organic matter 
contained In loila: 

“Organic matter Is eeaontlal to make a soil of what 
wonU otherwise be pulverised and more or leea hydro- 
Uaed rock, and while there are aome solla that contain 
small quantities of organic matter capable ot growing 
eropa, on the whole the quantity ot this material in 
average aoUa ia conaidcTabla The aveta^ orgnnk con¬ 
tent of soils amounts to approximately flfty tou per 
acre, and yet the nature of thU materUl baa been but 
little nndentood. It baa baen believed tor many yearn 
that It conalsted chiefly of aome such body aa humla 
acid, dlffeftng perbapn In dlflerent solla, but having the 
same general propertlca. One promlnant aarvlea which 
these InvestlgstloDS hsve rradered sgrieniture has been 
to show the non-existenoe of humle add and in hypo¬ 
thetical rriaUvea and to abow loatead the exlatenea of 

‘•mia Hne of research baa been eepedally profitable 
during tha year luat past, and the nnmber of oompounda 
Imtatad and Idcntlfled baa ban inoreased to mm than 
forty. Some ot these emnpoanda contain only carbon 
and hydrogen; some carbon, hydrogen, and oxygoi; 
some carbon, hydrogen, oxygra, and nttnigan; othsra 
contnln pbowhorns or lUliAnr. IsdsUon in a pun ora- 
dltlon of theae organic eonatltuanta ot aolk hu aada 
poaalbls the comet Interpretatleo of the ebaagae that 
organle matter undergoea In aoUa. Tba omapowA 
found are raoegnlaed aa reprenratliig daoompoattiQn 
pcodneti of fata, earbobydntea, proMM and 
claHsn of faatbral compounds, and a gnat daal ot HgM 
li tbad tbecMy on tba proiwaiM eff hima fOrmadra 
and tnnsfonnatlm In the aoa Tbm nmuiiliiu Into 
the nature and properika of aell orgaaig amttar have 
riiown ootMlimlvely tbnt tha acil lomtigatoc istist tabu 
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Peculiarities of Earthworms* 

Compound Forms That Are Hard to Kxpkin 

By Prof. Dr. E. Korschelt 


It if not M rttj onmual to Rod double or multiple 
rannt amoiiK anlmak, moh oompound itmoturM In 
partfeolar not being wpaeUlI^ exoepUoiial uaong 
MgBieated wonu. Some yoan ago frot. Dr. E. Kor- 
aohalt daaaribed la tho “Zoologlaal Year Book at 19M" 
aartbwenni ct doable and triple form, peouliaritlea of 
atraatun which had been gained mainly by experiment. 
He now wrltea an interealtng artlole la the Untekati upon 
an earthworm with a double rear end, tho origin oT which 
la dlflleolt to explain. Thli earthworm, one of the apooiea 
HdedrUva wee found out of doon and wu itiU 

in an immature itate. Tn orawling the front had meaa- 
wed to the ipot whwe the reer end faked 7A acntl- 
meUn, the right branbh of the rear ond 4 3 oentfmnlem, 
the left branoh 4 oentimetai (Fig 1). 

Apart Aram the fact that the worm wai sumowhat 
oluanalet In ita movementa than uno of namal form, ita 
way of moving varied but little from the ordinary. When 
plaoed upon looae loll it eoon bored Ite way Into tho 
earth and qnJakly dlaappoared. When onwling the 
rontnotila warea paaaed aimuleaneoutly from the front 
end to both rear enda, which waked normally during 
the orawling. The tnnnaiarion of irritation waa as 
ufual from the front end to the rear enda and vice tan, 
a point that wh eaaily aettled by touching the end of 
the bead a of the taila. From thia may be deduced tho 
continuity cl the main nervoui Hyatem, aa wdl aa of tho 
vaacnlar ayatem and of tlie Intoatinal canal. Tlie 
afrangement of the rowa of briatloa and tiie way they fit 
into each other ia beat eoon from Fig 2. At tho forking 
there ia aome irregularity tn the mrangomeut of Uiu 
aegmenta which ovalap auitahly to iho dividing of t1u< 
body (Figa. 1 and 2) In Fig 2 is shown by dots tho 
mpentivo positions and course of the rows of bnall(>s 
from the ventral ride upward. 

It is not poarible to determlno from the onaditKiii and 
manner of aeUun dcseribed whether thia anomalous 
stmeture has existed from the beginning, that is, whether 
it ia tho result of the devoiopment ol the embryo, or 
whetha the double form has ariaen from an injury If 
the worm had been injured when young so tliat a new 
rear ond grew out from the wouniM spot, a if the tad 
end had been eompbitoly lost and, on aeeount of n siut* 
able Mufonnation of the surface of tho wound, two rear 
ends grew out of riiis, there could follow unda the cir- 
cunutaneee, a far reaching reorrangemeut of the aegmeau 
and It would hardly be poasible to detemUne the diffcr- 
enoe of this form from a double atmoture ariaing from 
embtyonio development Thia haa been proved by a 
fairly large number of double-tailed worina produced by 
Dr. Konchelt by means of exporhnents. Tie says fur- 
thw: 

“Daring some oorlla exhoinlivo rBSoeraliea observo- 
tkma were mode as to the lungth of an earthworm's life, 
whloh led to the surprising conrliision that these worms 
ean live ten years and more The writa is now able to 
give more exact informatinn as to the conditions of their 
life It is entirely accidental that theso observed worms 
were once upon wbioh tranipiantatioiu bad been mode. 
It was not Intended at the time to determlnn the longlh 
ol tifo but merely to watch the ohangos which might arise 
from the operation made upon tho womia. Fa this 
purpose they wore subjected to observations covering 
a long period of time In addilion, ibe selection of the 
ipaeles of oarthwom, LumMadtr, was also aceideutal 
sad wna brought about by the Idnd operaiions made 
upon them, just as this, on the otha hand. Influenced 
thelifael thereapootive worm. The life of the Ftamm 
(ABoMepAora) /Oida waa, fa Inatanoe, a nriatlvely 
btW one, bring from 8H to AHyeM- This brevity of 
life oan to aeoounted fw In this way; either the unions 
Of parts wen aueb aa not to have mueh vitality, or 
extenial rinumstanraa aifeoted the length of the reepeo- 
tlve experiment and ahortoned the period of observatioii. 
Thb latter explanation holda true fa the rinide speoimm 
of IrlmMeuf (arreriris {L. Hataluu) which waa kept 
fa a oottriderable length of tima and whloh lived to be 
6 M to 9 yean old. ExperimonU wore made on a larger 
■eala with the HtloMhu longui (AUriohopAoro) [Iivm* 

Mom] Ismrirfi, and tomewhat by obaiiee a large numbtf 

of apentmem of thia ipadaB ef aarthwonna was pnaoved 
fw expMimiat, and fa tbasa wonna ths oarrying oat of 
tto axpwfaeat permitted as a matta of eouree a longa 
l«Me of hfr for Uw united porthma. Tto respeetive 
apMfaMM Uvwl for 9M. 7H. ud yeara" 

It dioald to ramainberwl in eonneotion with tto agea 
gimttto iiMM wan wormi whleh wen kqit ia eonflne- 
mast nadar —Umitad eoadlthma of spooa. The 
gomioneotild toiaUed whetha these eondltim an ^ 
sTWnriatiil ftnm C/^siscAse. 


more likely to produce a prolongatiun ratha than a 
eortailaient of life, aa the impnsuned wornks lived in 
comparative Inaotion and thrir foien were only exertod 
to a small degreo. It Is difleuit or indeed hardly poari- 
bla to onxwa this questlua with ootaiuty so long as ws 
know nothing poridve on this point ooncaning wurms 
that load a natural lifo, evpeoiaUy as ko do not know 
whetha they pass thnmgh longer a shorta periods of 
inaction. In genoal, tto evthwormi an probably not 
much affeoted by unfavorable conditions of tomperatun 
and weatha, aa it la posnbio fa them to go down to 
oonridenhledopthsinttoground. How fa they really do 
this cannot to determined with oertolnty from theobscr* 
vatiuns so fa ninde It soome that eorthwams go down 



Fig. 1.—Kain worm with double rear end. 



Fig. 2.—Arrangement of bristles at point of apa- 
ratloB. Evident Irregnisritiea of the segments. 

2 hi 2 a mi’bn in the ground Tlioir burrow uig laii Ih> 
easily tnred down to 2 nu ten, so that thosn which on 
long enough lived to do this seem to be well pnitected 
against tho ould. On the otha hand, froan earthworms 
have boon found in the ground at about a depth of 0 f> 
meter. Tho question lure is whetha such worms could 
nut awaken to new life if the cold wem luit loo sivue 
and too long continued. 

There have been repeated aoeoiints of ■•urlbwonas on 
and in ioe and snow Expenments in freering them have 
also been made which show that earthworms, and also 
otha Oligoohaile, nan bear iriatively low temperatures 
without permanent injury. Dr. Korschelt mode espen- 
menU with vonoua OligoobmUs which were exposed fur a 
eonudeiablo time in giomes of wata to the oliunst 
oomplete freexliig of the wata. The experiments were 
up to 24 toon In length at a temperature of b deg. Cont, 
and Iowa, and tto worms began tn move again afta tto 
wata grsduoUy thawed out. They woo absolutely 
vigorous and wsre obaoved fa weeks furtba Taken 
altogether, earthworms seem to have less powa of resist- 
anoe, although tn tto experiments made cn them they 
always boro temperatures down to S deg. Cent, fa 
though they eeemel to to froien ejill they always re¬ 
vived to freeh life. 

“It is safe to deduoe from these experimants and 
obiovations whloh have been oontinued up to the preeont 
time," oontinues Dr. Korioheit in disouseing his experi¬ 
ments, repots on whloh to has pnbUsbed in varioua 
■rient^ Journals, "that the worms nnda natural 
oondltioiii Ota boor a fairly low tompoatun, go through 
a oortaln oonditlon of freering sad thmi wake up to a new 
Ufe. Earthworms which are dug up In winta afta a 
period of frost hardly move at all and aeem froimi, but 
in tto tampemlure of a room tiiey soon beooma more 
aidmatad aad crawl about. It b moat ptoboUa that tto 


ourthwonn guea through a punod of tnrpa somotlung 
like hibemation at a cunsidorabln depth m Ibo ground 
\t any rato, just os lueh early obsavets as Morren, 
lloffmoiBtor, and Ilcnaen stated, they ore foimd in tbo 
unlorgcd ends of pipes, rolled up in a ball either singly 
or m neats." 

According to observations modo upon iniprisonod 
eorthwomu by our author, they cun also pass thniugh 
ponuds of torpor of onolha kind, namely, poiods wbioh 
protoet them fnim droiiglity oondilions. When mois- 
tum IS looking for them they withdraw into tlio depths 
of tho ground as far os poarible, and they are found nillod 
up close together in an undorgniund hollow which has 
fairly firm walls, smooth on tho inna rido and appanintly 
held togethw by a secrotlon of the worm. If the torpi¬ 
dity lasts a good wWlo, the worms loao deoidodly in 
volume, beoome shortor and show rotrogresslon, 
porlnlly of the genital region. This may be oxplainiil 
by the loss nt wata and the Insufficient amount of nour¬ 
ishment taken during this ‘ dry sleep ” If Udi oondltion 
dons nut last too long and Iho worms become mdst 
Bgain, they then eome out ot the oarth-oepaule andunltk 
normal conditions resumo their forma mode of Ine. ' 

“Thoee observations show a certain sgrenment witji 
Ihnso communicated by semM otha iavnstlgatota but 
traced to uthnr’causm," says Dv. Koiuchrit. “Thux W. 
Harms ivmarln when making' expsmnenls in trons- 
plontaHon, tliat the earthworms lying in a round hoUoiy 
would tie themselves up Into a 'light knot' attor they bad 
stopped taking nourlshniont whdo still moist and when 
Hufltaiont nounahment was prcaont The worms, con- 
M<quontly, had fallen tuto a kind of ‘boat torpor,' in which 
■f It lasted too long, i ortun rctrogreoiiont ot their or¬ 
ganisms would appear similar to those doMinbed above 
m ‘drv hiLop,’ and tins could load to considoablo re- 
ductiou in rise, as a shortening of ths body. Komen hat 
(lilTcroiit are tto statvmonts made by Vojdovsky, accord¬ 
ing to whiuh his observations concouing tlio apisarauee 
of torpidity m earthworms both out of doom and in 
mitinsonnicnt wore not to bo taracod to conditions of 
fmiiporature and weatha, but ratha to exhaustion afta 
continued sexual activity. That those oarlhworms 
H Inch hod burrowed down Into round hides in tlie ground 
hod also, os In Iho almvo mentioned cases, suffered a 
rodiiction ot tho gonilalm as well os one of tho bulk (A 
Iho body seems very probnhio from Vejdovbky's stato- 
raont As thn holes m the ground tote a fairly lirm 
Mali. Vojdovsky speakb dins'lly of an 'enoysting,' and 
pomiianit It with tho cn«vsting of anotha Ollgoclueta, 
tho Aeltemn, aliicli Isith lio and Beddord hod obaerved. 
This Isttor, a water worm, when unfavorable condl- 
lions uppcii hocmlcs around Itself a layered envelope 
m which it lica piirlod up. It thua paaaea tbiuiigh the 
iiofatorahlo weatha, and when umditiona are once 
mom buitahiu it lomea out of the onvriope. The author 
him'sjir has had on orion to proiliieo by suitable meosiuea 
the cncjmting of this worm In a Ihii kly populated Aeol- 
soina oulturo anil tlins to ennllrm tlw obsaialiens mode 
by thn two nbovo-muned iDVistigators.” 

The exceedingly scanty numW ot obsorvaliuns coii- 
eerning the toniidity and cncyaUug uf the Oligochietai 
lias just been mennsed by aa observation made by 
Mraxok on the Cluparhlnlla, anotha worm wlimh lives 
in tho waliT Thme wurms aro accustomed to Hve at 
spots which are oxpused to drying up. When there is 
dangtr lA thia dryuoss lUov creep unda the follon loaves 
In the deepa layers of mud, roll thoitihultcs up here aud 
aflorclo around themselves a glutinous oovenng In 
Mra/ek’i opinion this wtion may also have anotha 
meaning, namely, that proceKMis of soporation in the 
organism of the worm may take place adtliin this oapsule. 

Tto object of those communications was to oomparo 
the prevailing oonditions among eortliworms with thnso 
existing among tho other Oligochistm, and by tho appear¬ 
ance (A iindouhlod periods lA torpidity among the laltor 
to strongthon the conclusion ruoohed uonocrning tho 
former Thu decs not letUe the point bow far thimu 
condiliona of exiatonco affect the quoetiou of the ago 
attained by eortliwonns, but even If certain roduotions 
have to be mode in the figures of 6, H and 10 yean ob¬ 
tained for tto ogoa by direct oboavation, the figures 
that remain for exceed all oxpeutaitions. 

A RanUn Embirgo on Woodi 

Tiir Forest Hen Ice of the Department ot .Agriculture 
Is authorllv (or tin* stnlcmcnt that the Rusalan govern¬ 
ment haa iiinced an embargo nu all kinds of lumber, to 
prerent Ita exportation; walnut lumber, locludlnf Clr- 
eoarian wuhmt, much pilxtsi h) .tinciicnii furniture 
maken, la spocUlcuUy mcutloiied. 



ShowliiK coffenUnu, nolda, and retnfordnc bw« of the ptm of the PennayWanU eUdiiet. 


Concrete Viaducts on the Pennsylvania Railroad 

Rflilacinjr Insecure Wooden Trestles With a Substantial Road Bed 

By Day Allen Willey 




Wiih> IIm- 1’oiiiix>I\'iiiiIii Kiillnuiil Ooiuinuiy liillll lU 
lliu' frixu l<i WiiHhiiiidoii Ihu umi ot ^wi- 

1’M|< r<ir \IiiiIiiHh iiiiiI lirlilp'M «ui< uilkiio\rii to UlO 
l■llKl>l<H■r. WIh'ii (he mirvfjorx wont o\cr the iiroponod 
roiKo Ih-Iwitm llii«n- (1i> on tlic Moiitli of tho aua- 

i|ii<-liHiiiiii, mill WiihIiIiikIoii tlioy fiiiiiul It iH>iH-NMiry to 
luiikf MitiiiilliiKx of llirH' liilotM III thaClicNannikoniinKHl 
I III- lliwli, (iiiii|iowili<r. hihI IlHok riven*, iiiiil U wan 
roniiil Hint till! ImhIn of ttiLiw liilcta i*oiiMlHti!tl of lliiulil 
mini to n iloiith Ilf over Itfty feel. 'Tlie plmw for brills- 
Ins lliew InletH provlilcd for womleii IreNtloH, the *up- 
(lorta euiwlatliiic of womleii iiIIcn drlvrii Into the inuil 
fiinnntlofl whlell furiaeil the liottmu of the lulelii aud 
HirenirtlieiioiJ by n ilouhle row of brarea fnateneil iltnfOD- 
nlly botweeu vurli iwlr of plli’a. 

The HtriiKiim wne MO weak iiniiiR In llip iiiieertainty of 
llie foiiiiilHtlon that pnrtM of Ita friHiueiitly save trouble, 
ileliiyliis Inilii wrvli'c niilll tlw ilefw-ts ^•o«Ul Iw Pwi- 
imIIihI. 1'he ohRliu-erliis ileimriiiient lina iilwayH renllied 
I lie iieii’Niilty for iN-riiiHiieiit iladiu-lM over tho Kunh 
iiihI liiiiiiKiviiler rlMTM hiivliiR llrui tuuiiilHlIiiiiN, and It 
niiM iliielilivl III n-|iliiii> the frame etrui-tiiree with rcln- 
fiintil iiiiM'iTle vliiiliii’tM. 

The rishi of way wnn iiiii|iIr, but it was itealred to 
pill III tho new lirlilceN with hh few now curvm M iwa- 
slble, mill tlum* euiiiUlloiui n'ero met hy Uimwlns the 
lieu hrlilRC ullRiinioiit on ii Hllsht nnRin wlUi the old. 
Tla- iv'iiter line for I he brlilRee woh earofully laid out 
anil ineiiMiiri'il on the li-e In tho winter, nmkliiR earefnl 
eorrei'lliiiiH for lein|ioriitiircH, uiid nsliig a Htamlardixed 
taiM'. 

Tile iilil hriilRea wen' umil hh liuae lliiea and the new 
line waa tied In at iiiimenaiH imlntii. At each bridge 
alte a ainaU concrete pier won erected on the ahore tor 
locating the center line, with Uiree wooden blocka In- 
aerted for the trlpoil Icrh. and the iMdnt waa located 
OD this pier, and a lorcHlRht wna carefully plaocd In 
the water. Thim. praelleally all the iHiInte were located 
UHlng a foresight. IVruianeut tMckslKhtii were estab¬ 
lished. hilt were only useil wIhmi the fnrcHlght wan ob- 
igmnil liy smoha, haoy weather, etc. 

Jhe river niiid waa of the innalNteney of silt 
ami was removed by pumping. The piling for Ihe 
foundatlona was driven by steam hninmen, at- 
lemptlug lo reaeli'Ihe desliVHl iwnetralloii with earh 
pile. In some easea, laiwever. It whs luipoasible to 
Olitain Uw iwietmUon Jiecwaaiy, proiiiilily owing lo 


tlic pllea striking a eoiiglomcriitc. Whenever It was 
UuiHMsIlilu to diUtlii the desired iiennlraUvii two extra 
ron-s of idles were driven for the pier, and the foot- 
liiRH wen> spread. Wissleii enlfenlams were uaed, coli- 
HtruetiMl of tl by 10 sheet iillliig, whieh were driven with 
a Miiiall rapid actbai atesiii hammer. Tla* piuii|« whieh 
exeavateil tlie mad were bwated on a snihll barge, end 
no dlffleulty was oziierleiK'cd In pumiilng the material 
2,b(IO feet through 12-Inch pipes. The pllea were rut 
oir HO ta uot to extend more than 2 feet Into the foot- 
liiR, pmvlried the dcelred penetration was obtained, 
Wliere the lint pile In the pier brought up above this 
polut the remainder of the pHce weK sawed oil ao- 
eonlliiRly, so Uttlo entUiig off was neceoaary after driv¬ 
ing. 

To make a solid and Srm bed for the ceocrete foun¬ 
dation a large wooden fnnnel was built, with an open¬ 
ing eo email that the gravel would not run ont tut 
eiiuiigli to stir u|i the rand. This funnel waa loaded 
wllh gravel and slowly moved around over the coffer¬ 
dam. Thia process waa emttuved initU a layer one tuot 
thick ww placed, and then It wu ready for the eon- 
crete. 

A concrete plant waa built no bargee at each river, 
A large higgler divhlod Into two parts wu kept sup-’ 
Idled with und ami stone by a clam (hell badiat, nn- 
loading from barges aloogride The cenent wai stored 
on the nabi barge, and in the firet idont built, at Bimb 
llh-er, the cement wu carried to the ttlxer by laboms. 
In the other plant the cement was carried forward by 
an endlesB chain conveyer. 

Hie concrete wu ralaed in an elevator to the top of 
the tower and pooled through the plpisg Into the (Mma 
by gravity. The ccUapalUe forms for the coanecUiig 
arcliee were mode of 8M by SH by U lodi anglee In 
live iwits. The upper on« were bent to the radlns of 
4 feet 2 Inches. Quarter-lndi holler idote wu baited 
to these onglca, and the anglM were bolted to the wood¬ 
en pier lagging, and aided ciaialderably In bolding the 
pier forniM In pngier alignment 

The economy of steel truss snpportii la apparrat, there 
being about 2iiu himiih of ihe same length In the two 
atniotarto. Hieae tnisses were set np on Jarfca end 
upright timbers with wedges between, mating on horl- 
xontal transverse tlmhers, wMi-h In torn were siggHirlcd 
iHi the pedestals of the idem. 

Jack wrews wore used to bring tbt tmeM to the 


prigsT height also lo let ilowu the tniHscd wImsi strik¬ 
ing. Tho triiMses were lovreml iltrcetly isito a barge, 
and towed to tlie uext pier hy a gesullim tugbisit The 
fonuM fur one simii wcn> fniiurntly ivdlspsvd, hanloil to 
a new position, and jacked up Into place In three hoars. 

Kxpaushm jnlnts wero provtdnl at every third pier. 
Tfatse wuro made liy luyers of I’beap felt pspi>r, molting 
II tlilekiieas of isie liirh. The footing Is 10 foot wide, 
:0 feet long anil U feet thick. 

The piers aiul fuuUuga afe provhlod with atari rria- 
fim-liig to lake care of nnequal Ntralna or settlemeMs. 
Tlie footluRs have Mnch square twisted steel ban u 
follows: 2 IciugttudUial bars la feet lung, Just outside 
the vertical pier liars; 10 transverae bara on about 8 
feet i-eiiterB, with an extra one between the two ban at 
the center of the piers. 

Tho tope of the floor alaba have a drainage slope tram 
all dltvcthma to the 4-lneb drain idiie ptored at the 
center of the Mlali, «o water can flow dinictly into the 
river. 

An Idea of the extent of this coiwtrnction, which was 
let mt III «H) contract, Is given hy the following qnan- 
tlllea of material needed: Combined length iff brldgu, 
7.714 foot; total number of plica, l.T.TTf; number eC 
yards excavated (wet) 1)7,000; yards of cunereto iu- 
ioiiiy, Tfl,40U; reluforclng uteri about Il,8e0 tona. 


0 foot deep, am made of aonoreto mixed_ 

the ratio of lgi;4, and on addttknol 20 per e«rt 
cement to oumpenute for waah die to the daperitl 
the conorete under water, tlettom dnaphit btkfo 
wen uMd In the oogferdemi before the latter wi 
pumped out 
Wort wu oc 

1012, end the 01 _ _ 

iSth. IPUI. Oonoiderlng the dllfloultlea ewgOatei^ 
in cannectlfm with the plu work, Bie enuunii^ wm 
cotupleWd III a nmorimbly brief perind, the flvariitt 
working ^bfce bring only 400 L 
To tcet the ftcength of the riadoeto a tnfo ^ » 
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servlro, wrigbUg ofof lAp talk. inf'. 
ktriHitnre at a wesA. ei 2fl mUm a« I^r 'trtthiiiif ii'' 
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Concrete auiaii end dblnbatiag glut on one of the PennijlTOBie vleduete 


Actual Instances of Dual Personalities—11* 

Caseh m Ileal Life That Rival the Wildest Fiction 

Hi Ltliianl Tyaon Reichert, M I), bcD , Proftssor of Plivsiolof^v iii ihi I nutrsilj of Ptinisv l\ tin i 
Cumludod from SciBNTiric Am»kican Sum tMLNr \o 2(M5 Pa(,i 1 luiiuar) Z 1915 


1M* liKliiry of Mnrv Uojuolila woe reported by Dr 
H nelr Hllilioll to tlio Lolkor of lhti>l<.UiiM of thin 
ilty III 1888 Tin eahjrct whs a vtr^ Impieeatonahle 
idrl A miTOuii shodi n suited in tlH developmeiit of 
multiple pennoaUtlea which i listed uvc.r a period of 
yoera her normal penwnallD as In (hi casei of (ho 
flettUouB Doiothy and the real MIm< nceiirbamp betng 
reatnred by bypnoeia 

Ml* Rviiuldaa family moicd fiou 1 iikinud to tiie 
wilda of westom reuiuyUoDla durliik the Lorl) part of 
the ellditeenth century SIh la eall t hii\i> iiossi skpiI 
an excellent mental capacity and to hate enjnted fair 
opportnnltlea to nequlro knowledge RcMidos tho domes 
dc nrta and amlal attalnnunts sho had Improved hir 
mind by madtuK and cuiitersaUoD Her memory was 
oapadoni and well stoclwa with Ideas 8ho was sodatc 
and reserved and tended to molamhoh When dfhtcen 
yenra of agi shi had hyHiorlcal fits mid sfUr one if 
then attacka was blind ami deaf for viz wnks About 
throe mentbs later aftrr having alrnoet wholly rroov 
mod her normal bealtli she b-U Into a profound slctp 
whlefa Ustod about twenty bonre upon awaking from 
wUeb memory bad completely fled and ibe wae to ell 
Inteote and putpoeei a beliig for the tint time nsben d 
Into the world ner parratst brothere alaten, and 
(rlenda were not recognized tho sccnee to ^ch ehe 
waa aceuatomed—the home bills St Id forest vales and 
■treanm—were new Rbe began to learn, but always 
whan bn tbb new pereonallty ehe looked upon tboae ebe 
hadoootluKn 

iba vu bv • 

ttaontb from where she bad not the re- 
iMtMt Uaa She learued to read and wrlu but bet 
haaSwrUioi was not the nme aa that of her primary 

1 of bring mrianrholy ebe was cbeertul to ex 
it and aDriaUe Inrintriy taeltnin and 
t and Jocoee extravagantly 
Act nature 

■ at her leeoad per 
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hir fumth rvmrmbirlui, what she bad planned us 
tboukh but xslirday site was sbsololily without 
mcmoiv tf till eviuta of existence of btr secoud per 
sonalltt sikI waa grcell) surpilsed at (be ebaogo that 
occurred in uature over nlgbt 

Kemalnliig in htr iirluiaij state for a few weeks she 
again fell liilo a aleep from which abe awoke in her eec 
ondary iHnsmallty now begtonlng lift where she bad 
left It wieks ago when she reentered the life of btr 
primary self having now onh tbs fcnowhd«.i of her 
sreondarv slatt Her vlvacltv wit end humor wen 
now so gnat as to make her company viry much sought 
but her love of playing tricks upon ithers often led to 
much trouble Altemstiuus In pereonallty went on fur 
Ufteeu or sixteen veani tlie secondary pcrsonaHtx 
tending to remain for liicreaidngly longer periods when 
she aesuned the second pcrwunallty contliinally exlsttng 
bi this state for the renutnbig twenty Bve yeera of her 
lift! wltbont the least knowledge of her other self bevond 
what bad Iwen told her 

Another case In some respects fdmilar to that of Him 
Reynolds and known as tClldn X was studied by Dr 
Aram sud has become world renowned Ffllda rams 
under Pr Asnme obeervatlott when Ofteru years of age 
She bad bad many hysterical and oUier Iroubles which 
led to her beoomtug a Umld serious, grave and melau 
choly Indlridnal who was burdened with anxiety and 
pain Appearing to (hint away for a frw moments she 
wronld awahe, having an entirely dlfferenl twraonality 
Her pain anxiety and other menUil and pbvideal In 
flniltlea bad vaniabed and abe wax gay vivarloas and 
eoqnetlab ind morally perverted. She remembered the 
iDddenoas of her normal lift aw did Sallv cf the llfo of 
Ulaa Beauebamp but wbmi In her primary state like 
Ulws Beauchamp aud Miss Reynolds she bad no knowl 
edge of her secoiHlarv state These personaUUee alter 
nated with great fmiuency but the primary itato lasted 
for Whorter and shorter periods and eras ultimately 
crowded out as It were by (ha secondarv state as In 
the case of Miss Reynolds which thereafter ronstltated 
her colwtaut pereonallp 

It la probable that in the enws of Mies Revnolds mill 
raida the perfsawlIlT which hI lirsl w is ns miI«s 1 hh 
tlw eneondao penoimUty wns In itallO the primacy 
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(Imiiki In Mil liidhilulls m ml I irictci ninv ilKTci 
nry wINIl M Iiim s«n in lb Instance of Dr 
lilnll iiml Mr Ihili. a r lui it in nil in nstnelly tlml 
Is aaiilftnti I III an liihiniit uiilkl usi ess slid a de- 
iiHUlucnl lUusuiL 111 till. Iiiflktl u r t rtuio in ithirs 
a foiDi r InimoislUv that arouws iiate fear and 
I aUiluk lu the chhcs of Ueiki Sallv Mmy Ron Ids 
iiid i'eilds thin wire forms f m ril ihimisI i Mini 
led to the sunojance i f themaclvea r oth« rs or of sm li 
s I Ind as to Liigt ndir sympathy 1 hi m >sl i alhctic smi iih 
Huso InstanoiH if iiinrhisl moral nlhimll n wns that 
r a young woman iseeiilli a patient in this iltv wh 
In her natural stntn was the peraonlflcntn i ( nil Ihnt 
Ih attractlre lovely and sublime In v imi. w uianh si 
nnd who at times upon swaklui, fnim s deep sleep 
would have an entirely dlfferenl porsuualltv with manl 
ruatatlons of moial mnimlr sllv thut vied In vllincsa 
with tboee of the denlsens of Ibe tenderloin 
In many caaes the secondary penonalltv niiiieara bat 
once and sooner or later gives place to M« ii rami An 
Interesting Instanoe belonging to this entegory wss re 
liorted by Dr Oaborne The subject was s man of mid 
die age in admirable health very fond of his family 
and not known to hove any eeii utricUles morlld bn 
dearies or bad habits 1 ir years fai had resided In a 
town near this city iiud by slriit spilicatlan to bis 
business wbleb was that of n Uiwuiltb and plumber 
had been suecewsful and accumulaled some mesns One 
dull and gloomy bundai In Novimber he mvsterloiisb 
dlsappeand He had remained In the bouse mainly 
engaged In reading and pisving with hN vnnncer chU 
dren until 4 oelock \rlidng from a louih uism which 
he had been teclinliu, ami iindlng In ssld tiint hi was 
going out fi r a short w ilk and n little fresh air 1 ils 
urtlv qulitly and Hiimniitlv isifeetlv nornml In 
stepped ontsidi of tho dour to disappear as mviti rliinslv 
as thonkli Ibe enrih had swallowed him 

Iwo visra liter In a tin shop In oin of the sontheii 
towns wbiii 1 number of men wen in„ii, I it w ik 
me of Hu dhii snddeidv dropped hU worl iiid piess 
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]iU bwd In a daied way eutalmad 
am 1’ How did I oome barot Thla la 
bat doea It meani At Brat tba man 
Inugb and Jwt at tha man wbo for 
lad been no raaerrod and aober and 
■o aulrtly by tbelr aide but of wboaa 
N nothing Seeing hla changed exprea 
et with peraplcatton and hla narrona 
hearing hla plteooa appeala thv be¬ 
nd tailed him by a name that waa 
ret the one he had given them Trem 
eased emotion ha made hla way to the 
,1th some dlBIcnlty made the proprietor 
mt condlHon and the atory of hla north 
’ and proapvrouB bnalnrHa whkh as It 
he had left bat the afternoon before 
ed name be had been known and paid 
rlud from the Ume be left home nntll 
a cumpIetL blank After asorrUlnlng 
of hla family he Jolm d them and from 
>. living the llfo of hla ii iriual self 
nb«r of dllferent perwinalttlea may de 
IniUvldunl Ihi jarson living aa mnny 
lib brlnt. irnrll) <i wholly iLiumut of 
the others 1 hua a mon by the name 
at aealtby jieuple who lived In I ondon 
Hit Uvea mingling In four dltferent 
;\ and having four different seta of 
naelenttinia clerk he waa qalet retiring 
1 little fyr the airlely of women did 
vna esiremelv Lvcinplary In hla habits 
nl bicycle rider he waa load voiced 
ring profane a aiiiuker and a drinker 
I be waa a fnahl in | late In hla attire 
if greetfnl tnae nnd extniiulv |o|nilHr with the ladles 
fimr of whom In dlffinnt laits f I miloB he waa 
Mikugid to marry Aa a burhlar In was most skillful 
and daring nnd It waa rnlv nfttr venra that dOawd 
kUstlvea tan him down und n t knowlnt, of h^ pecn 
lint imiilol state had him lommlllcd to prlaon aa a 
Cl luuion irlmlnal 

\ cnac of a man havlik alt iicra iiallliiH w ts rtiiorled 
IV IV uint and Kurot In the Brat pen nalltv ho waa 
till alive vIoUnt arrogant mde diarcspectful anti 
nllkloua emharraaaed In aiieeib and with limited 
llimgh pieciM mtmory In the second iierannalltv hi 
wnaiistivid gentle In aiieecli orderly its|ie<tful willi 
nl itllglniis opinion nnd hla apeech waa eear and ii i 
nntlllullm tUar and he had little memmv if the inst 
In Ihc third ptroonallty hla alale waa ven much llki 
I hi aeiond hut hla memory was llmlteil entirely to the 
thlid atnie In the fourth pcrannalltv he waa Uinid 
sad well mannered and hla lutelllkenie waa lilnac his 
memtry confused and hla language Incorrect nnd child 
tail In Ihi Qfth porwiiinllty hla mental kUIl revirted ti 
the pi iloil whi D he waa fonrteeii yeara < f age He hiid 
till llnikllh langnage and atUtndi of a child and wns 
wllhont mi miiry i f any of the Inddenta of hla life aul 
Hispieiit lo thla time In the sixth pers nalHy hi wns n 
prninr yuimk man a soldier of tho marine curin and 
his momirv embraced hla entire life esceptink the 
period known as hla f urth atate 


and be foil bead fermaoot, gtriklng hla head, and wlmn 
ptefced up a few momenta later Ufo aeemad almoat ox 
Unct In thla atate he rsmalnad for two hooia, then 
began to move looked ttound In a bewildered way, rooa 
from the bed and In a daaed manner atttnptod to pooh 
aside one of the phyildana. lUa thzaa attandanti, be- 
llering him to be deUriona, aelasd Ida and attempted to 
fores bim back to bed, bnt Mr Hanna’s rinngtb, while 
ordinarily excellent, now aeeniad hatenlean, and hla 
opponenta were readily worsted Finally ha was over 
come and securely hound with straps for tear of hla 
lujarlng himself or othtai. White now having the 
pbyilcal strength of on axesptlaiiaUy robust man bit 
mind waa a blank as void aa though he had jnst bean 
ushered Into the world Ha taw smelt, tasted and 
touched but thObO aanaea convayad abaolntely no mean 
lug excepting aa to mere tight and darknaan and etdor 
ObJectH space and time were without Intelligent per 
ceptlon There was no perspactlve lensa everything 
Irrespective of dlstamc appeared otose to hla eyea glv 
lug him the Impmoslon of one great ptetnre An ubjact 
seen through the window appearad as near aa hla out 
stretebed hand and he would not have bad any hesl 
taiuy In attempting to grasp the moon 
Sensations of hunger gave rise to great dlatresa, bnt 
without arousing the least knowledge of the reason 
Fooil placed In hU month did not excite any sense of 
Its usi He made no attempt to elthar masttcate or 
swallow It and In order to feed him It waa necessary 
to force food back Into the phamyx to cause reflex or 
luvidnntary swallowing movenieDta 
Boillly movemmita alona at Brat attracted his atten 
tion and he learned In time to dlatlngnlah between 
moiiments of bta own body and tliove of other people 
and things He gared at moving olijiibi with the won- 
dtrmcnt of the young Infant and aftir he had Uarntd 
to asM<iclate movt ments with life he thought all moving 
ohjn ts living things the swaying of the bnun bee of a 
tm apiiearing to him movEmenta of living crentorcs 
sill thi bone and lurrlage a alngle living object 
Hi heard convcnatloii or noises aa he termed them 
and In time rccoknlsed that by their meana iicofilc could 
umbrstand each other and oUhongh he had nut the 
least Idea of the meaning of v aliiklt wird hi thiukht 
III < luld barn to cooununicato with othcia by repeat 
Ink the noises be bad hiard Henre he wonid again 
iiid again reiicat In hit, mind these sounds and then 
npeat aloud words and Hciitciucs be hiid cmnmiltiil to 
mcmoiy but he wui surprlaed to And that he was not 
luidcrstood and for a time be became dlsioiiraked N it 
knowing the meaning of hla uttemneos hla speech wus 
if (onrHC utterly unlntilllglble It was not nntll tbi 
lapHe of two ihivs that hi bad learned the nal mianlug 
of a sinkle word 

Dy this time bo waa able to recognise time by the 
llffeienre bt tween daylight and lamplight and by the 
lecurrence of the three dally meals His iduratlon may 
now be said to bavc been folrly atartwl Hi 11 gan t > 
iiiiderHtand sinuk lead aud learn to walk 
Owing to hb) mental feculticn having been blkblv dt 
V doped and to bla Inherent capacity for rapidly acqulr 
lug knowledge be learned with Bmariiig rapidity even 


of the avaiita of the pNTloaa avanliiff he emdd not Id 
any way aeeewtf tor the taata. WhM aslmd how ha 
Mt, be said “1 Baal Juat Uks BIp Vaa VInklav’’ After 
remaining In hla primary atate for three qnirtara of on 
how he foU osletp awoUng In fak leoond penonnUty 
bla mmiUl Ufo hetfnnlng whara It had eeaaed upon foU 
tag to dtop tha tUglit before, he not haring a ranUgn of 
kuowledga of what hod transplted batwemi foe two 
pertoda of Mesp 

From thla tUiie on there foUowed fraQueat oltma 
Uona of the primary and lacondary perso e a l ltlaa, the 
tranaUlaii from one to the otbw oocorttag without 
obrloua cause and with Increasing greater frequency 
The altaraatlana won for a Une wholly unknown to 
Mr Hanna, exeefittag In so tar as be was taformed by 
otben and owing to the veiy different memorina of the 
two atatan more or icaa Mrimn embamaniiHkta were 

With the paaalng of Ume the frequeut alternation of 
peraocialltlet, the gradual acquirement of hnowledge 
during the perloda of hla oecond peruooaUty, and the 
tacreoalng tafonnatloo received from thoae about him 
of his mautal dual existence, there came a momant 
wlM ha clearly rccngolaisj the extatenoe and differ 
eiices of tww pemunallUrs or mental Uvea Btnigglea of 
the two tor the poaeoBaloo of the body oemned at 
which times Mr Hanna would be In a dosad atate and 
ta neither one nor tho other personality What went 
on In Hr HaHsa mind waa quite accurately mnem 
hired by him knd Is wcU act forth ta a atatemeot madi 
by Mr Hanu to Die Bldia aud Ooodhart 

Hr Hanna itited that while lying upon a lounge ta 
one of these daaed conditlona be had engaged in one of 
the moft talcnse stniggloe he had ever exptrleiiccd 
Ibe two peraonalltlea tbi prtaiaiy and secondary 
states rose almaltaneoualy and confronted each other 
Kach of them waa the I atlll they differed from each 
othir Ihg memorloa seemed to be those of two different 
persona jet be recognised that both wen hla He could 
nvt choose ooc because It differed from the other nor 
iiuld the two lie Jotaeil Fhe struggle produced great 
perplexity und pcriurhatlon He felt that both wen 
hla yet It aeemed Impomlblc to unify them One lould 
not lie abaiidiimd tiuunse both came up conktanllv 
licfore him aa thongh cxdalmlog Wo are one thongli 
different It neemed aa If eaeb said to the othir 
Tbou art a mortal foe and vet Uiou art bcfoi of mv 
h lie and flcab of my flesh Bach It acemed had for a 
time tried to iruah or snppreaa the other The qncHUon 
III hla mind was wblih if the two Uvea he aboiild re 
Joct and then the straggle waa not so much to cbooao 
one aa to forget thi othi r both p< rabbling In hla eon 
hilouaoiHa aa I bough eaih memory was stronger than 
bta will iMih memory seimed to he within the anme 
physical betag ns If there were two bodies alike like 
twbia that bad lived entirely diffenDt lives or like 
twins of the anme iHidy with toatea foeulUea and iia 
tuna very ilmllar Ihe time tame when be reallocd 
til It he muat take one or the othi r la'raonallty The 
IoiIbIuii was dlflliolt and tho mental atiuggle great but 
he Anally decided to adopt both herniiae of the fun 
nid anvil ty that the straggle would bt repeated again 


developed In twenty miiiitha nnd In one of them sbe 
revenod ivtrylhink—to her white waa blnik hiat waa 
cold itc and even her wilting was reuraid 

Among all of theae rcinaikablc caaea of diml iwraoii 
nllty none la on tbi while ao lull resting and so In 
Htraitive aa that of the Rev Ttarmaa C Hanna which 
waa (artfully atudleil hv Iirs sbibi mil Ciialhnrt 
( Multiple loraonallty 1005) an I no aummaiv bow 
ever brief would be adeqnali wllhiut at leaal aime ref 
in nee to thla oxtraordiiiiiry record Ihi dlffcremea in 
Ihi persona) tnlta the complete loss of memoi v in the 
Hcconflary state Ihe gndnal childlike neqnlalll n of 
1 nowlidge the childlike wonderment of what waa seen 
and heard and the nlllmatc recngnltlon of the existence 
f two peraonsltttis with their separate lives and their 
til ul blending fi rm one of the most absorbing stories ta 
isvihophvslologlcal literature 

The Itev Hr llanua waa born In 1072 and had an 
exceptionally good fomlly history and all Ibe tdraii 
tRM H of an exrv lli nt edncatlim and was a good scholar 
III I ulered Ibe Manual rnilnlng Hchoni of this <dty and 
IiIn high ncholanihip kalned for him admlielon ns a fret 
alndent to tho Archltcetnral School of this nnlvnraltv 
During hla stay with ns tala aenae of rellglnna cenvlc 
tlon became ao awal ined that be gave np bla atudles 
for thoae of theology nnd In rdir to prepare himself 
for the practical dutlia f ihi raliilairv he took np mis 
slniiary work 

III liail an earnest anleot aymiwthctlc and impubdre 
iialnn waa well balanced and iK m a con ed a strong will 
isimllncd with perfect self control Me And him at 
twenty ftvt viara of age the pnalnr if n ehnrch at 
riantavllle Ckiim 

At 7 o clock one Thnradaj evening when attmpttag 
to alight from a carriage bis foot uiugfat in a lap roba 


known III his normal life Ihiia be learned In a few 
h uis 11 pinj the lianjo an liiatroinent with whli h he 
hud bad absolutely no experience 

1 r lu arly two months be remained In this montallv 
hlldllkc stall gradually but with exlraordbiary rapid 
Itj aiqulrlnk the ilemenUry knowledge common to 
I arly cblldbuod having oboolutely no knowledge of his 
ixbiliii e before the acrldont or of bla actnal relatlona 
lo tbi people about him und dcvolopliig during thla 
I irlod an entirely distinct personality os different from 
bla normal as the personaUties of two people differ 
Ills memorv waa so keen during and after thla period 
that upon bla ultimate recovery bn waa able to glvi a 
minute account of hla experiences and tbns unfold u 
nuiorkable history of Incidents aurb as presumably are 
attendant upon the eduiatlon of tbe tabnt and vtrv 
V onng child 

ibi period of BicoDd peraonallty tasted for seven 
weeks Bud waa ended by hla talllag asleep and awak 
lug aa the Rev Mr Hanna be now having aboolnUly 
no icmembranre of what bad transpired alnro the mo- 
iiK ut of tho accident He thought that tbe accident had 
iKsiirnd the evening previous and wbmi told that It 
wan seven weeks ago be tbmight tbe speaker jeattag 
and the atory a huge Joke * 

He bad been ta New Turk for some time but be 
failed lo recognlao hla aurrouDdlnga and the people 
who had been ta conatant attondam for vreeka past 
w( re nliNolute atrangara exoapttag bla brother tbe only 
ont be had known ta hb normal state 

In the mMst of the co n v w w a tlon be onddenly ex 
I Inlmisl What a funny taata ta my mouth yon muat 
lux iHsm feeding me on totMcoo” Bofore going to 
sleep be had anuAed B dgmretto but not haring naod 
tobacco for many yaara and not bavtag any knowlodffa 


rences would be too gnat to endure And ao ta time 
Ihi two pernonniltlea dlfftrlng ao mnch were fused 
Into one hialthy normal mental Individual-into ont 
Ixgo or 1 tho present Mr Hanna 

Ihe pawdag of tha hour permits of hut an additional 
word We an creatures not only of to-day but also of 
veateiday la the aeiouilary pinaonallty of Mr Hanna 
wo fonnd evidence as development proceeded of Uie 
presence of tab primary state and In tbe latter state of 
bb aecondary atate Time and again one state would 
forte Itself Into the other eaeb for the time atrngiritag 
for mastery Anally one letting go ns It were the bet 
tor or the worse stale beiomlng for tbe time tbe Rev 
Mr WfoiinM 

In each of us the Bgo or I b not a unity bnt a dual 
Itj a blending of primary and aecondaiy aelvea of coo 
acloas and nhioiiacloiia mental Uvea of mental proc 
laaei that, broadly speaking expren the human and 
animal sldeu of our natures Aa one or tbe other may 
for a time domtaato ao are our panonalUlm modlBed 
As the speaker b uttering santanca after eentence he la 
conadous of tha ocrapatlon of the mind with tbe 
pbraaee of the moment, bnt beneath thb eonadonaness 
them lies a most potential mental llfo or baskgrouDd 
which while aeemtaglv latent or wholly beyond the 
Add of conado nana e a or Introspection b axtraaely ac 
tire a llfo that ambraoea memorlaa of pad experience 
of self and countleaB ucaatral IndtvUnala. It contains 
tbe foBdainantal atructanl material or aanaebnagsa or 
menorlab from which all our thooghto are bnUt and 
moulded 

Oar pbyaleal pecoltariUea ate heritagaa that go back 
Into Uw dim past, and they are avpramtana of tamMs 
that had origin begtantag ta Ume mikiHMra, onr men 
ml Uvan OM heritages tiiat Ukesriaa taro ooma to us 
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(hiODife • CO a n ti l Um ot uoMton for tbouwnila ot 
oantatta. Tb« ta^rw tt oar proanilton npon oar 
nantal Una ia not 1mm than npon oar phyalcal llraa 
Jaat n aooh o< na hu on IMo that la a blanded doalMy 
that U readUr aaparahla Into t<ro dlOarrat aelrea, ao 
haa aooh of oa a dnal ImmorUlItj-Hui immoi-iMii ty ^ 


tho Doal that la oun alone and an IminortalUr ot the 
Bind and flaNli that la tnuunnltted to oar offhprlnK and 
which paaaea from mneratloo to generation Ihe emu- 
tloni and thonghia of tbooaantla of prccodliig genera 
tloOH and the acU of the Urea ot the iMibarlnna aar 
agea aeiul ediuated odncated and cnltmed Indhlduala 


who throngli the lOurs* of time have ultlmatclj glren 
UM blith echo and u nhu In onr lx Inge Their peraou 
alltlcM like their hodlea have beta Inru ami roboni in 
Ibcir children and Udldrcns chlldicn to be bom and 
nhoin for bcttei or woiw In ouncUea aud our olf 


Some Features of Photo-Chemistry* 

Are They the Results of Elwtrical Phenomena 


Tan inbjeot ot phoUnibemiatry u one about whli h 
oomiMnitiTaly little ii known While the applieauana 
to otdinaiT photography an weU undontood the theory 
that leads to the ebunieal notion of light II far from being 
perfeeay oomprehonded. 

The photo-ohemieal proeen haa two phaeeii The 
prodnotion of a oompound ii one phase inoh aa the 
pndiMtlott of ohlonne knall-gaa The other u da ompo- 
nbon, nzeh aa the doeompontion of hydrogen phosphide 
with lepnntion ot phoephorui Thu latter phaaa u by 
far the miffe oommon The ohomioal action ii( iiiulight 
■uoh u that ihown in the Iileaohmg proeen the produi - 
twn of groeh oolon in planta, and the wdl-knuwn octom 
of light ami for blne-pnnting, have bten known for 
oenturiee Only reeent invettigaUoni buwaver havo 
taught ua that numeroui romponndi aro sanutive to 
light, and oonvmoed ui that here we are dealing with a 
mutual aotion between othor vibraUoni and ohemKal 
foMai By exponment it ii found that the chemioal 
aotion ot light takes plaoe only in ipecial raaoa ai it m 
held that lUununatlon can exert an inflaenoo on the ro- 
aetion velocity of a ayitem whiob ii in the piutoaa of 
change, or on a lyitem in the btato of etiuihbnum wlunh 
u m ohemloal repose 

Before diaouiiing the theory of the other vibrations, 
It might be well to ate a few featnm of ordinary phiH 
tography The modem ehomioal mi thod employed in 
developmant reets on what is known as the latent 
hght-aitian of the silver salts" A gelatine film un- 
prognatod with silver bnmude is fltst illnminatal and 
then treated with tiduomg agents The silver hsloid 
in the plate » then reduced to silver most quu Id) At 
the iUiuoinated spots this reduotion mulls m the torma- 
twn ot free halogen, but tlis nature of tliu rodutUun 
product IS not known m sll oases On the illuminated 
spots of the plate small parliclea of metallie silvir are 
deposited by tedui turn, their density mi roasing with the 
mtMUity ot light, but always in suoh small quantitaes 
that no visible change ooeuri m the substauee ot the 
plate When the plate is put into the developer those 
invisible silver paittclos ai t u nuolei for the iirocipita- 
twn of silver, ]ust as small orystals bring about crystal¬ 
lisation in a super saturated solution The denser tho 
silver partlelos at any spot the denser will be the deposit 
of silver dnniig development 

A vshiabi* aid to photography was furnished m a 
discovery made by Vogel m 1878 He found that photo- 
graphio plates may bo made more sensitive by inteiM 
mixtan with slight traces of oigamo oolonng nibetanoes 
Alio the plates axa usually especially sensitive for kinds 
of li^t absorbed by partiaular oolonng Hubstancos Thus 
plates msy be prepared sensitivo to yellow, blue or red, 
or any colored light This phenomenon is called optii al 
seniitatlon Bo for no theoretical explanation has been 
given tor it 

As light IS thought to bo a phenomenon ooeasioned 
by ether vibnUons, the theorulioal oonsidoratlon of its 
ohemiosl effects mnsl he with those vibrabons When 
Mhw vibrations tnverse a mateiul system, they ocoasHin 
two different remilla. First, they tsise the tempera- 
tore ot the system thnr energy being partly oonverted 
Into beet Beoondly, they oooasioii ohemical obanges, 
oeounug at the expense of some of the energy of vibra¬ 
tion The Amt phmmenoa m known ei the absorption 
of light, the seaoDd as tho photo-chemioal absorpUon of 
light. Uases, liquids, and Mbds all respond to other 
vlbimtioiis, such u the exploilve mixtuie ot hydrogen 
and ehlonne, ehlonne water which giveo up oxygen under 
the infloMise ot bg^l, and white phesphoms whmh 
ohanges to the red modilloatun, in light, or oinnabar 
winoh tans hlaek While pboto-ehemieal action may 
be prodneed by any typo of ray, it depends on tho wave¬ 
length of the Itfii imed. Uke ordinary absarptwo 

AM)((ff«inplrlotlbwiotpliotiH)hiimirelaoUon,eom- 
pUed by Sder, iinrM ae an aid to understand the ohemioal 

asttonofUghbcays Theyaw (1) Ughtofeverywave- 
leiVtii k eapnUe of pboto^bemieal aotion (2) Only 

Ihooe rays are sflietlve whldh are iheoebed by Ihe system, 
to that the ehemleal eetioa of Hgfat k cloe4y asMirlated 

with vUed afaeorplMii. elthondi the eonvorse ■ not 
tone. 9) Aeeotdlng to the nature of the mbetaiiee 
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almurbing bght every kiiid of light iiiav iw t in an xidu 
ing or reducing way Tho red hghl niu ou nxidi/mg 
offeot, and violet bght a reducing effect uu thi melalv 
(4) Not only the absorption of light rays by tlin illum- 
inatod substance itself plays nu nuportant part, but uUo 
tbs absorption of light by a fori ign subeianni mixi d wii h 
tho principal luhetance for the nnsitiimicM can be 
stimulated for thObO rays wlikb ore almirbcd by llu 
admixed substance (5) A subetanco lerkiuvo to light 
admixed with tha mam substance and which iiiiitoi, 
with one of the predueU nsuliing from photo-M hnmii al 
aotion (aa oxygi n, bromine nr todiot) tends to ai 11 li rale 
tha reaction veiooity to suili an cthnt that rnvinsl is 
impossible This may bo regarded as a oonsi qiiun u 
from the law ot mass ac tion 
As stated almve thesu laws ran only be ngardiil aa 
empirical Tbcro are sume cxciplioiia notably to (tj 
Red light oxens a rediuing effect m the case of the 
latent light-achon of the mIm r sallh while viuli t uxidircw 
organic compounds iw|MiuiUy lulorlossunni Ihcselaws 
were ascertainiyl by means of instrumonU known ns 
selinonuiterB, which measure the mUnsity of tho chemi¬ 
cally active rays The idea of actiDomolen is a most 
important on< All pie«s of apparatus which aro dc 
sigued to nicasurci this intensity, and wfaioh culIocnMly 
depend upon ilu ulMoncd changes whith aro oxpen 
emed by luhstanecM smMtivo to lid>t when under thn 
mflucnct of ether vibrations, are callid actinomiUn 
The dala oUtMn(.d from artinnmetcri of all kinds iniut 
bo consicltrcd os having a punly individusl nalun 
They givo only a nlaluis imasun.mont of the iiitiiisily 
for if the same kind ot light is usid tho natun and re¬ 
al tum vclcHity of the chemical process occasioned in 
each ease will very ociordiog to tho behavior of Ihi 
systoni which is subjev tal to the action of bght Also 
whin tho light uwd ccwisihIm of rays of difle nc wvvi 
length, the data ot thn same oolmomotc r will by no mi ans 
be proporUonal to the intensity of bght, os the ac turn of 
light VHiti greatly aicording to its wavo-lnngtb 
It might he well hire to eonsidir a few types ot oi tmo- 
moters The oyo cwi be lonsidcred an vtiiiomiUr 
because apperonlly, its sensitiveness to ether vibrations 
depends upon oortein photo-chsmnal procissew which 
are thereby ocnamvnod However, the mujiui of visiinl 
photomitno mcasuroment sre not poisllel with thubo 
obtained by actmomctcis, and neither rcenlts are parallel 
to those obtamed by tbarmonietne measurements The 
laltoT n usually regarded aa an absolute measuro of 
radiation U would iierbape bo more oorroct to regard 
the diminution ot free energy whiih is unknoa n assori 
ated with the change ot ladunt entrgy into beet as the 
measure ot the intensity of light 
A simple form of actUHnnotcr u that known as the 
ohlonne knoU-gos octinomoter It depiiiilb oii a dis 
aivery of llay-liussac sod Thenatd m 1809 who found 
that when strong light acted on the combimng iif i blunuo 
and hydrogen the velocity inuessal rapidly to the pennt 
of explosion, and, when weak light aokd, it progressed 
slowly and steadily The method amiista in miasunng 
the diminution of a volume ot ehlonne kusil-gas (staml 
log over water, and mamtained at constant pressure and 
volume) IS a result ot the formation ot hydrmlilone ac id, 
whieh IS absorbed by the water This artinomoter was 
ooDstraeiod by Draper in 1843 and, lahr, unproved by 
Bunsen and Roseoe 

Three two men dwovored tho silvor-ohhinile acti- 
nometer, m which the time requmd to darken a phutu- 
giaphie paper until a iloSnite "nonnal' sh-vdc is reaihi d 
IS taken aa a moosure of light-intensity 
Anothi r intensting aL.tinometer is the ilw Iro-c hemu si 
aotinometer Two silver eloetrodre, which have been 
ohlorhuxed or iodised, ore dipped into a dilute solution 
of lulphuno smd EleotoomoUve (orm will be estab¬ 
lished between the electrodes, and aa long as one ot the m 
IS illunimated tho ourront will flow in the solution from 
the iinbghted to the lighted pole The strength of the 
eummt ii read by moons ot s sensitive galvonomotir, 
sad this twes to dstoimme the intensity of the light 
Ranlts obtained by this aobnometer agree approxi¬ 
mately with those obtained in photometric ways Thw 
aetinomeler was oonstruitod by Deequml in IlUO 
Attention may now bo turned to the work pertonned 


by ihiinually uitivu light (liu «oidd ix|miI the Iqcht 
to he alMorlx.d to a greater dogric when it nccscions 
or aicilorates a c.huoiiial pronesc than whin such is 
not the rose Bunsen and Rusijie found that whin 
light pawed through a layer of ehlonne knoll gas it 
was muoh mere weakened m its rhomical oitiviV) than 
when It passed through ehlonne alone In both coses 
the light IS weakened by absorptinn by the ehlonne the 
almorption by the hydrogen non ho neglected But m 
Ihn nrst instanoo absurpticm is punly due tei optnol 
sitivity and therefore the Imd of energy rceppoars lu 
tho heat dovdoped In the see one! use however an 
additional fraction of Iight-c ni rgy is conaumcid m pe r- 
forming ehomioal work which thns occasinns a stronger 
absoriitiun This phonuinonon is called pUulo-< hemicol 

A word may be said os to thee sp< ed ut clicmirsi bglit- 
01 tinii Bunsen and lloscoc found ibat light usually 
sets vary sluwlv at first and nidy attains its full activity 
otter a lapse of timi This is ioiled photo-chemical 
indue tiiiii Pnngihoim hiiooeidnd lu ihowmg that this 
phenonienon is dun to the fiirmatiun of inUrmcduiti 
cMimpounds Vs ehlonne knoll got Is more seontive to 
light when meist than whin dry it seems probable that 
hydnige n and i hloniH do not unite ibrootly to form the 
acid but tliftt a senes of intermediate oompounils is 
first forme el Also a slight ptebminary expomire of a 
photigraiiliie iiUetu renders it more sensitive and on 
under expoBesl plate is strength! ned by a subaeqiienl 
ivposun 

The pbysieal lavne which ihnmiiaUy aeilvi photo- 
graphio rays obey ore of poiubar mUrret Tliey art 
reflex tid nfracled and polanud like other rays their 
intensity iliimmshing as tho roeiproeol of the Miuare 
of the distanc e from the point of ongio Keaewn h work 
lias shown that whi n bght of llie some kind is used the 
photo-ehemieat oiliun dopenels solely on thi product 
ut the intensit) and tho duration of expobiiri U has 
also biin pruvcxl beyond doubt that tho limi iiquitcd 
for thn ile\ili)|>mont of a normal eolor on se nsilivi impor 
IS pruportiomel to thn numlier of hglit-wvves whi h slnkc 
the paper |sr second 

Uno imiiortBnt eliBonnoo between ptiolo-elumiial re 
action aud ordinary reactiuns is that the ve loeity in thr 
furmi,r mcrmise but IilUo m a rise ut temisiratun, w hih 
that eif the belter imteaaes loormously We are led 
tev beibove that light action should not be regardi d aa a 
direct liNM mng of tho aPmu m a molec uln sui.h as that 
offcotesl h) heating but ruther the primary effoot must 
be souu acticn on the luminifiroua othir aud suggests 
lonixaliiin 

Now wbal a tho e ause of those hght-vibraUuns/ The 
lateist autbontii s mamUun that liglit-vihTatiuns ore prei- 
duoed hy ilectnn sgitaliims, and that m the ihonuoul 
action of light wv deal with phiiiomena nut for rornoie d 
from tho tormatiun and dee ompositinn of lompounds 
under the influeni-e of the gall sum r urre.ut That e hi iiu 
cal equilibnum is affexited by illuimnatiun follows from 
tho change in thn ihennodvnamie potcnluil of cum 
punonts by lUummat ion as may he more e Ii arly eli duci it 
from the iIcctro-magnetio theory of light It has been 
proved that eloetnAcatinn and iiuqnmtism oltevr the the r 
mudvnomio potential and the aotiun of Iigbt-wavew is 
woorebiig to the mosl odvaniod theenis, that of repidiv 
aliernatiag iloctnn fields Prom these couLlusieini we 
may assume at hast iinid further knowledge of tlm 
Silbjnct IS gained, that the ultimHU. >aus« of the phiito- 
i.humiial action ut light lien in eleitm plniiomena 

A New Rerreation Region 

iiic liirest Service of tho IKluirtmeiil ef Vgrleulluie 
ellrocts sttontinn lo ii lUlle kiiiiwii reklon that oSers 
unusual attraitliiiis lo aportsmeii anil nlhcrs who enjov 
an outing in the npin It aays the I tut i Mountains if 
Utah Ineludcd within the Wasatch lints and Asble) 
iiatlonal forests abould laxmine a fsiortie recreation 
n glon beennae ot the maiiv small lakca within drpr< s 
alniia acooped ont by glailal drlfta. Seicnt) such lakes 
can bo counted from Held a Peak and one parttcsilnr 
township thirty six miles aqiisre, contains more thin a 
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FrotecUnK Silvered Mirror* by Cofper PUluf 

■ ill fuit Dull till) iritveiiol ul mlrron to aubjeet to 
il lirli rail u from variuuH nuacH baa glveu rlae tu no 
littli. trout II iu thto branch of tho Induatry bet tbto 
hill boeii entirely iircreomL by the new Freucb proceaa 
liiirnted by I)e«.ien> Greiir and luacalto for iirodncJni, 
H iiri tnling coat of elaotrolytU. cupptr upon the allvir 
III), r mlrmra mpectolly an rcipinto mlrnra of liirgi 



Hlae Aicbltecta urien bmllate to imt lanei. mlrrora In 
III w Imllilli ut' ncronnt of thi frequent dcU rtorallon 
III ilnmiiiiiM nml the cmoiuHloiia fioui ficab walla An 
Ibir s(.uri( of trouble lomia fritn Milne air on the aea 
c aht nhnh enuMp daiuago tn lulrri m In Iheae regtona 
I r n I ng lime a gnoil inetb>il of protection baa been 
K uklil fur not niilv against damimen' bnt also from 
Hucli haaeu III lb( air aa ralpharouM anhydride anl 
phnretted bydrugiii and othcra Direct nae of Tamtob 
Hill III I Ik nroldid becuuNo of the immuoe of bitumen 
‘Hill ithcr HubslanciH aud mireoter tartitohra have 
bent f uiiil iHMilIkli lit iimteollin and are not dnrable 
I In ehcmlat Miligs method wan to cover the silver 
I liitlnt, nllli III I lii-tr tittle tint of niilal but thto vett 
lulloiinl III in lull III ti the pnaent timi tun ItnilUd 
I siunll I til I III N III d niirgcon a mlrrora liocnuao of the 
iimiinllv if iipphlng It on ii large aeale The present. 
Iiliii nfcE'i M mlrr ra vihlcb hate been mated with ell 
ti r by a di poalt of th it metal on the gloaa from a aiilt 
iibli II nil find the objeit to to extend the 1 IPbl* proeeei 
I loiklii^ glaaspH if all sires aneb na nre so width 
iiMd III ah in and puhlli bulldliika 
1 p t tin I naenl lime It haainlv I ten possible to con 
iii'ct till ilnir hlle mrrent It i iilatlH placed at the 
iilkiM of the mlir ra to bcproteihil nhleh plan bad the 
H il in liieniiiei lei It of piudiiclm. diiawlla Ihleker at 
Ihe eiUes thiin In the eenter of the mirror In reason of 
till kreni tleelil riHlNlNiui flTered li Iht imaaRgi of 
lilt inrnnl Iv 111 thin allvir coating Tbi ienter of 
Ihi kinsa llnui lecehid a lery alight covering if copper 
Tlie kri It illlHiulIv baa been lo miiltlilv ibe meliil 
iitntls dim I III the hurAiie of (he allvued ginaa an 
that the dinallv f enrrent should bo uniformh dla 
tilbutrd Ilv Ihe direct apilirntloii of Ibe contait on 
Ihe suLfacc of Ihe iiilirora theie was (lie rtok of doing 
mslderaile iliimage li the ilelkate silver plating Ihe 
llililmss of nblib to well known to be Inflnlteslroal 
(ibnnt OOnVI millimeter) 

J he Dei l^n I rest and PaacallH pmeem doea away 
with these Im nveiliucea Tho most Interesting and 
ihiirsettilatlL purl it the process to the system of the 
rbenphirea which dlslrltrate the lurreiit by the aid of 
hundreds f lontseta which bv simple devtoea at« 
brought lull delicate (onlaei with a i&vered mlrrac 
and dtatrlhute the cnmiit equally over the sttvered 
glOH 

llecHuae f llieir inulHi lltltv cneh iimtart p nnsra asi 
a very IIdiHhI Held f nell n and na Ihe contact to mada 
hy buiulreda rf pointa illHtrlliutid oter the gUaa only 
a smalt impeingi to dcll\«red at iiiiv me place thm 
avddliu, till \lolejit ncHon while dividing the nacftil 
^eSret of tlila lurreiit In a viry nnlform manner with 
int kM> 'I hi deposit of copper thna oMultied to |ier 
fmtiy Cl uflnuHis and homofemnns knd doea not admit 
dnnipnesM ni ni v oHiei lanse of alteration 

riw iiegnllii rhnphorc Is forced Iw n soit of Comb 
niadi up I f I m 1 wlrt leeth each of slilidi makoa a 



trifugal pump c forcee continually to the inlet D where comlu* of at 
anltable gnlda plecen direct the turrent toward tba anr 
o be tTMted 1 he aolntioD pasoea thmiili vat A 


lb •twi the iroiided 


and ratnnu by an ontlat fi to tha vat B whare oU 
purltlei ore removed by poMlng through tha Altar s 
nv mnni of a lorfa idpa F with a valva 0 aU the 
liquid may be aent bock to vat A when the operation 
to Outohad. Tha wooden eleetrolylle vat A to Attad at 
ih( bottom with pegs or cleats » to rapport tho plates o 
The rheophore to formed by a comb the teeth of 
which consist of brass rods s attachad to ths bar fe by 
nuts / and paasing oadly through the bar g The lowor 
and of the teeth e are Upped with On, a soft metal 
which to not liable to damage the aUverlng The teeth 
are moreover aurruuuded except at the bottom end by an 
Inralator generally consisting of a covarln* of puaAlneL 
the lower bar y to Attad at each end with s Aextbls 
cable k ly which It reedvaa the enrrent from copper 



at a ghuMSk wonld Indicate eomeUy tha dlatUMa of uy 
object within range of vtokm one of the latest typM 
being an anti amplnna Instminent Thl* Is le aanut 
ed that the bara of the Ins truin m it aarings In a rartlcal 
plane and tha ayeptoce to sitwtad in tha Una of tha 
trnnnlmi thna ennbUng tha rangetakar to make obser- 
vatlona with comfert opoii ohjaots at pnetleaUy all 
altltodes The mountings of radi rnngedndeca are spe¬ 
cially daalgued to onablo * rapidly moving object to 
be kept under conthmona observation 
A single observer rmngeAndn may be regarded as 
coostotlng of two telesoopes moontad In a common 
frame with tha two obJaeUvna aUnatad on* at eaeb 
end of tho frame and with ths ^eptooea at the center 
suitable reSectors being pnnidod at the obJecUvea to 
direct tha baoina of light along the frame toward the 
eyeplecea and the whole arrangement being sodi that 
Ibe combined tetoscopes may be almnltaneonsly directed 
on the some target 1 he rangeAnder Itsdf forms the base 
of a trianglo haring at its vortex the object, tho range 
of wblrh to determined by measuring the parallax 1 e 
the angle anbtended by the base of the fautrament at 
the object Two beams of light from the distant object 
nre received by reAeitom at the ends ot tba beae and 
are tThnamltted through two objectlvea toward tha can 
ter of the Instrument where another pair of redactoH 
Idaced one over the other redect the beoma outward 
through the lyeploce Bach objective forms on Image 
of the distant objsct In the focal plana ct the ayoidece 
and tha observer therstore sera In the IMd of view 
two images wbiofa depending npon the type ot Instru 
ment used may overlap one another or be separated by 


Ueneral view of eopperug plant 

oondacUirs c whkb connect with the negatlre pola 
the Bouree ot electricity The cable fe to Jolaad to 
conductor e by the clamp m Ihe bar y to rigidly 
lacbad to bar A and the gears o opsiatad bgr the b 
wheel » and shaft y raise or lower tha bar n, thus n 
totliig tho contact of the tenth s with the mrtacas I 
are to Iw eonier plated. Tha rheophore may ha 111 
out of the vat oa shown In Fig 1 to f 
manipulation of the {dates 
The anodes are formed by eoppat strlpa y, wc 
being Axed to a wooden bar as dwwn to npi a 
A dynamo f genoratea the naosmaiy onrrent aa 
about Ave volts and thirty laiperes |wr aqaais n 
glass to ha coppered. The pomp o 
generally placod on the sains shaft with the b 


Optical or mechanical devleea are adopted to range- 
Anders of thto daos for altering the eonrae of cna or 
other of the beanm ta light within tha tostramant, ao 
BS to bring tba two partial tmagea Into oorrect ootod 
dance or sllgnment, and n scale to provUad for todteat 
tog the dtotanee ot tbe objeet, the loale or tts Index 
being moved by the gear naed for bitagtof tho Imafea 


Pint Oily Certilad PaUtaa* 
la anae aacUaoa ot th* oonatry pototosa era tofietad 
hy a powd^ aeah and aa a rasalt tban distrleto are 
anuanttoad by tba DwattaMrt of Agrlaatova, wUgh 
haa tosoad a waning to tonm And atbecs that to pro- 


Or tbe maiiy Inatrummita dasttned by the engliwai 
fur Ibe mora aorarato eoodad of naval wattoN dom 
to of greator Uaportanfe than the nagsAadar la the 


In balk and the car tleae bean a htoc mtilfleBtlea toi, 
so u to not daalnbl* to bay cedtoary aattog petotota 
for setd patpasM. Boaw daalcn ora a«i« to ba aAtog 
aattog poMosi toe aaad parpeae*, and wfeDa ttag an 
not vtototb^ aay law, toon lAo boy thto htod ci aaad 
are Uahl* to fa<l OMi ban taitoodactA a damwaM dla 
eats aad an iiaUa to gaaraatlito Th* wMto aaad aaa 
UAeatos ttlato aahr to ftoadgm ftoai powd u y a»k agd 
not to tot <MUr af the poiatokf, fito totaca to) acIMid 
■tad Bto agt> b* men cantoiqr aatoaM fttofe 
tbe amagafetoi^ 
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GtUa UWMi M AvkIiM IWdr 
Uv ATtRtta Md at lotaadWfeal, Ganaur, la to 
bm aa oadmio m id Ii|htii« VMwa whltt «U1 Indl 
eaia ftr tba aoetataal arlatar tbo beat plaee for laadiiit 
aM tka dimtkm of tha wind, tte Ugkta aia indoaad 
in IriM bOMK whMi an oonnd wia> nmnd panw of 
twt ttlsk glaai and an niik in tba mand to tbelr 
topfr Udit MMdi bosM are arranged at aqaal dlatanoea 
In a eMo the oaatar of wUt^ li narked br ■ nlntb 
but. iMli boa eontalaa a red and a white etectrle 
light and tin e nr re n t conTejed tv nndergroiind oibUa 
can be awltdud Into either light br bend or by tn ento 
made deflea opnatod Iqr the wtnd nn (Braedon of 
tha wind, wUeh by day la shown by a canru Imitation 
at an anoidana lanttng against the wind. Is coire- 
meodlngly Indloatsd at night b; three white lights. 
Two of these lights, narking eonseentlTe rertlcea of tbe 
oelagHt, HgMaut the wings of tha aeroplane, while tbe 
third, at tha eantar regtasents the taU The other dre 
lights are red. 


An elsgant experiment was shown by Dr flemliig 
with bis cTmoaMter to Ulostrata this enrface flow of 
high frequeney cnrrents. An oodllatlon drcnlt was ar 
rangmi in Hblrb high ftvqaency cnrrenbi wore gener 
ated and theeo were dtteeted by plating aloogalde a 
tymomatrr bavins a Neon vacuam tube as a detector of 
secondary oodllatlous In Its clienlt In the primary 
eedllatlon drcnlt were Inserted snecwmliely snail spl 
tala at eripper brass iron snd galvanised Iron all hav 
Ing the saniL site and sanie number at turns Ibe 
asdllattoiie In the cymouttcr < In oil were Indltsted by 
tbe brlUlant alow of tbe Neon tube Whin tbe Iron 
spiral was Inserted tbe Neon tnbe did not al>w beeanM 
of the damiring of tbi ospllbittone caused b) thi i nergy 
eboorhrd to inagnetlre tbe iron Ibe galvanlnd Iron 
qilral bebetod bowever Just like a copper or bmn 
spiral bacause tbe oaelllaUone did not ponetmle tbroogb 
the thin leyer or skin of slue Into tbe Iron. If how 
ever this line was oxldlaed or broken then Um. Iron 
rare exerted Its effei t In damping tbn oscillations 


mlnlsbed according to an exponential (unction of the 
distance end vtaie length The last named analyst bad 
shown that this tuucllon was of tbe form 6 
where r Is tbe dlatanie of tbe sending and receiving Sa 
tions and X Is the ware-hngth Actual observations by 
Anatln our distances up to 1 OnO mibw bud led lo an 
emplrleal formula dlffirliL nnlt lo that appiars 
laatead of \/\ 

Jho lulk <f th, etbhuLt m (nr collided as to link 
dlHlanro Irsnsmbwlon showed however that true dlf 
fiactlon of Hiiaee waves or c\en Ihi siirfa e naves could 
not contribute more ibau a modirati fraction perhapa 
not 20 per cent ti Ihe total observed result Ibe ibh t 
|ian ( the iflist r r dUtances of 2 00111 4 000 iiilln. 
must be eoiitrll uleil by space ws^es which had n ulied 
the receiving slaliuu Indirectly that Is after refleellnu 
or refnctkin at tbe surfhees of laetrs of blgb allltode 
Ionised atmostiherle glees In the manner ixplaliied 11 
lleavlalde and by hceles 

Hie great vailatlnns In signal strength taking plan 



Of the altfit prlmripal polnta of the oomposa that can 
be Indlcatad In thla way that one Is shown whkdi most 
nearly rapieaanta the actnal dlrsctton of tbe wind. Tbe 
landing Is made ogalnat the wind by oteerlng the aero- 
tdane oner the central light and midway between the 
other two white Ugbta in a dead calm all of tbe Ughu 
era white and tbe landing can be made In any direction 
In the acrampanylng Ulustratlona os In nups the top le 
north, the right side eoat, etc Tbe white Ugbta are 
repremmted by white clrelea, the red HgbU hr abaded 
olielea. 


Ac FoBctiM of the Eutb is Radlo-Telegnpliyt 

A taoTtnm on the above sobjeet wai daUvered on 
Friday evenlDg November ISth by Dr J A Flmnlng 
to the memberi of the Wlreleai Society of London at 
tha insHHitiim of electrical HngliMers Dr Fleming 
nld that the present period of mitoroed Inactivity tor 
all loyal radio tetagrapblste except thou engaged at Uic 
■aat of war oflared an opportunity lo reconalder some 
of tha purely idantUlo queadona InvolTcd In the art 
He propoaed thweftire to dlacuif tho function of the 
«rtb In radlotalagrephy Apnrt from tbe disputed 
question wbetbw tbe aerial wlrae sbould preferablv bo 
MFthed at tha base or eonneetad to an Inanlated balaiic 
log oapadtyi It was wril known Uiat the nature of the 
BoU or Bwflwa batwean tba tranamlttlng and receding 
■Utloni bad a gnat aflact on tha olgnal itreiigth This 
effaet ^Tssidsd Bsneta npon tha wave length Tbns Dr 
It. W had shown that the gronnd to ibo north 

and noftheait al Newport Bhofa Island U R A exer 
eleed n poweiCai aboorptian on ndlo-telecrapblc waves 
of about ifiOH metan ware-length IDxpeirlmente made 
batman Brant Book wlteUw atathm and tbe Dnlted 
BtaUs emhwr'Birmingham,” Bdog at Newport ehowed 
that whateaa eleetxic wavea of STDO meters nave length 
aaOmad Itttla at no aboorpthm in traveling over tbn 
flariy-ftra »wn— other ♦asn that doa to the normal space 
deenaaa of rnmiy, wavea 1000 metera in length lost 
OB pm cant <f their rignaUng energy In paaring over the 
dlsMet 

I>r nemlm tot gave a brief mathemadcal dlscne 
dan gbowlng tha isa»nse In which tba gndoal penetrm 


axpkiMd. It la well known that high freqnoney elee- 

HW onndnta ai« oagdimd to a thin skin w layer of the 

a«<IM»Mii«tatta 1*111* to the cue of copper thU 
tiita (kwnto Of abent 0» mUBmoler for eni^ 



Hr tlemlug then explained that when a tadlo- 
telegraphlc wave powus over the earth It penetrates tu 
some extent Into It, end also loeee ampUtnde owing tu 
tbe abeorpUou of wave energy by tbe toll Tbe depth 
of penotreUan or depth In which the forces sttennate 
to 4 or to 0368 of tbelr surface value end tbe bullion 
tal ettenaatlon or distance In wblcb Ibe suifoce values 
decrease to the stme frsethm of tbelr uilglnBl vslna esn 
be calCDlatod as shown by Dr Ztnneck when tbe valnes 
of tbe aoll condoctltlty soil dielectric constant and 
frequency are known Xbus Uklng tbe generally ec 
cepted values for sea water tbr wavea 1000 feet In 
weie length the penetntioD Into tbe sea Is at moet 
about one meter In tbe ondluary dry soil It may be 100 
or aoveral bundled meters lhara Is a certain soil con 
ductility and wave-length which gives tbe maximum 
attannatloa of the wave over a given diatanoe 

The oalculatlon of tbe depth of penetmliou and at 
tennattco of the wave with distance can be made wben 
this soli conductivity and dielectric conetant Is known 
Recent reaeercbes have shown bowever that the con 
dnctlvlty of imperfect Inralaton for altematlDg tor 
rents Is moeb greater than for direct currents Dr 
Fleming referred to nsenrebes by blmself end Hr Dvke 
for pioof of tbis fact TmleD be said Mr Dalisto bad 
ctmUnued this work in his laboratory for currents of 
extra blgb frequency of one or more million and found 
tbelr dlsleetrlce bad a maximum condncHvlly for a cer 
tain blgb frequenev Tbe inference from this was that 
the Hrth was an Incomparably belter conduelor (or tbo 
high frequency rums used In radlo-telcgnipby than for 
ordinary low frequeney or steady cnrrents Dr Fleming 
tben want on tu conilder tbe propagation of an elertrlc 
wave over tbe esitbs anrfarr end pointed out that 
Bcmfflwfdd bad shown tbat wbui a llertilan osrlllator 
bad one half connected to the earth tbere would nut 
only be spare waves tbrougb tbe dlelectrlcji (air and 
aarth) bat a enrface wave along tbe snrtaea wblcb 
would conolsl lu longitudinal electric mrrenta props 
gated oe a wave motion atoog tbe snrface Dr Fleming 
potated out that this rarfece wave might be the ex 
pUnallon of tba well known (acts tbat slgoala from 
lebf dlstaaee wlielasi triagtapb aUtioiw can be picked 
up and detarted without any hlib receiving wire merely 
by connecting one end of tbe terclver to Ihe earth and 
tbe other to eny Insulated mom of metal In tbe Interior 
It may be, of a bouse. 

Paariiig than to the oonalderatlon of the diffraction of 
long Hectric waves round tbe enrtb Dr blemlng gave 
a brief aecount of tba state of tbe theorlee advanced by 
FmiMarO, NMbolson, HaedonaM and Hybesynskl These 
agreed that the ampUtnde of an electric ware sent out 
horlvmtally from any point on ibe earth n sartnee dl 


trim ilai to day lu long-dlstaws wlrtless Intrrrounw 
proved that tbU must be the case 

In eiiucluslun Dr Tlemlug exhibited a chart stiowini, 
tbo varlatluu In thi ktieuklb of tin hImmU received it 
I nlversity (ollckS I iiidm fnin thi hiffil iuwer sia 
tiun lu laris at il A M csili div duriiik Issl tuly 
prlrr to the oulbresk of war Jbe NWldin fulllih off 
n (Ulaln dnis was icmHrkHlIi Dr I limliik sslil (hat 
tbe further exomlualk ii of Hu lauvc. of thiw variutliiis 
was one of Ibe italcf olJetts it ihc IlillHi tssslatltn 
Kadlo-telegTsplili I vmmUtci itbirb was npiilnlid at 
Dundee In cunsi-iiuciKc of i sukkislhii njiide hv him 
and that ss soon as Ihe preseut ralamlloas world war 
tame tu an end it wus huiied Ihese leMurebis uilkhi bo 

roDcrete Wine rellars 

In tbe rit.1 u at Cluunpegne In Frame Ihi wine In 
1 Itles Is slvrcd In vaulteil eiUnn which iii liillnwid 
deip down lu tbe chalk elrets but It la observed that 
cellars of Ibis kind are not always of the heallhlest for 
iDlIllnitIniiB of wsb r are likely to oeenr This not oiilv 
has a had iffcct vn tin quality of the wluc but may 
glio rise ti a cave-ln of the roof Reinforced concrete 
comes In hire to fnnilsh a soUd vsnltlna that does nut 
depend on natural eondlUons and recent structures 
were put lu wUb a comparatively llaht vaulting and 
stralibt walls with concroti flooilng as well Ibo te 
suit la a watertight conatnictiem which can Is kepi per 
feclly iltan An example Is seen lu one of tJu c« liars 
at hpernav where tlie reinforced com rote shell vault 
follows Ibo outlines of Ihe chalk cut cellar hut tbere Is 
left nil air space all arnnnd cf I to s Incbis thick and 
sn air rlreulatluD Is produced bv making anUal li cqs-ii 
lugs to Ibe outside The Inside of the vault nr cellar 
has no loonectlon with tbe exterior part, and Is Ihiis 
kept dry and in tbe best condition 

PreaerriBg the Forests 

Gstat areas of valoable timborlands are destroyed hv 
Are every yeir and isit only Is Ibis an Immediate loss 
but tbe effects will bi felt mi ic sc v« rclv as time posses 
Ibe huiest Soiilce it Ibe Agnnillural iHpertuient is 
doing splendid work In Are iirovonllcn wblcb can lie 
sppreclateii liv facts nsintly published In rebillon to 
what was done In the llolsi nail nil forests lu lilaho 
during the past snminer Ihirty Ons oocurrod in this 
region yet twenty elkht wire hebi down lo less ihon ten 
arm snd of these flflecn were less Ituin one qcisrtci 
of an acre Tbe anpervlsor says this nicceea waa dne 
to a lookout tower nnd to cfllcteiit tel pli iie sml helio¬ 
graph service 
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“Suction” Between Passing Ships—I 


Important But liil 


"ItvcTWH" IH B tprm itiiiiinonly applied by pilots to 
at 1«ut tbroa dintiiirt hydraulic phenomena aiiuolatad 
with iiio\in| veseelH, between wUnh phononmia they 
dntiUKuiKh most tuguely, if at all. Thiae throe quite 
inilepondunt acUoni an 

1. The direi't unpulae imbodiod in the atreami of 
water pniiooted a«tam by aenrw or paddto, independently 
of any motion of the thlp Itaelf. 

2. Tlin direct effect of the maaa of water which toUowa 
a ship bodily when it ia moved Rlnwly thruuch reetrieied 
waters. 

3. The indirect, or iateral pnvuure, efleol of the foro- 
and-aft acceleration of the water diiplaoed from bow 
to Bteni during normd motion tlinnigfa the water at fall 
■peed. 

Of thece, the flrat two ani moit aimple and obvioua, 
hydraulically speaking, because tbne Uie force exerted 
Is aligned with tb« watcir's motion. In the oaae tho 
last, tbs fnee developed hydrauUoally aots at right anglei 
to the line of the water's motion. Tbs flnt two nead no 
explanation, and have nothing in common (ipealdng 
aoientlfloelly) with the third. They play an Inslgiiiiloant 
part, if any at all, in the majority of “auction'' coUlaians, 
and are mentioned here oht^ for the purpoee of elimi¬ 
nating them from further disoueilon They arc of fre¬ 
quent opoumnae in the dally handling of chipping about 
crowded wharves, and tor want of another name, or in lack 
of offlotal deAnition, they am frequently called “auetion" 
by the (Amerieaa) Admiralty Courts; but becaaio they 
are leldoin of sufllcienl violence to be of importance, 


tie Understood Forces Affecting the 

By Sidney A. Reeve, M.E. 

In 1871 an tecordad two caaae. In 1877 two, In 1880 five, 
in 1883 one, etc. All of theca noeurred In rMttloted 
inland waters. In 1886 ooeutred the Arit ease Involving 
Atlantic Uoati. when the “Auraola” and the “RepubUe'' 
came together by luction outride Bandy Hook (bnt not 
in doep water). 

Kxaeptlttg poeribly the reixmla of the Naval Courte 
of Inquiry, whieh are inaeeearible, the lole aonroe of 
data aa to actual otaes of auction etiUlilon la the tostl- 
mony befora the Admiralty Conrta. Thia toatbnony, 
It mnat be understood at the outset. Is slmoet unlveoally 
incompetoot and contradlotory. Bnglaad’t sole axperi- 
enee, the "Olymplo'‘-“HawIcs" ease, was merely typical 
10 thia respent. The trouble is not that the w Un ma e a 
arc Ineompetent aa navlgatm. The trouble b that 
navigation normally msirse no demand for the aatimate 
of the dietaneei In feet or yards, 'nie pilot b aecus- 
tomad to gau^ng hb diitoooe from outlying buoys or 
other ahipt In Urme of hb veiMl’e ipeed or rate of iwlag, 
but not in feet Again, whmi oalied upon afterwards 
tor the data ceaontlal for an analysU of the ooIUrion, he 
can give, Instead of systematio observations or aatlmates, 
only hb subconsalous guea os to what mnat have been 
the oonditloM in order that the known results should 
have followed, whieh ho doaa In perieot rinoerlty. Or 
even if eetimataa wen actually made, they must have 
been made at times of groat excitement and reeponn- 
blUty, when poritioni wen altering rapidly, and when the 
pilot's mind was property occupied with other thlngB. 

In one oaae the witnees was the captain of a prominent 


Motion of Vessels 


below the saadiottom, so that it ean draw walsr from 
dib leMrvoir or dbeharge into it to nmliinitad vtuit, 
Jolt as a “grounded’’ wire ean draw ebetiWty bam the 
earth, or dbehatia into it, without UralA Dianfard 
aU qoietlon of fiiedon of flow within the pipe, ao that tho 
eapaelty of the pips for handling water b tedapendent 
of ito dbmeter, fb» apaed of flow behig anytUag hn- 
sglnabb. Therefon, for eonvenionae, let the pipe he 
cnpceNated, In plan, by a geometric print 

Such a petot M tUs, when drawing water bom below 
and dbriuirgiiig It Into the sea, b celled a ’’eooroe." 
When the flow b in the oppoaite dlreotion it b eellad a 
’’rink." Thne a eoatee wMld radiate water horimntally 
in the sea, away bom it ae a oanter, In ril direstimia 
equally. Conversely, a rink would draw water to it 
horlsontaUy in all direettona. 

’’BtreamdlMs’’ sis msthemstlesl fimotlaas of the 
vrimne of flow of srster wWoh ean be lepriHoted ooiir 
venbntiy sad aeenrately (» fields of oo-ocdlnates, and 
whieh ean be added, nbtraeted, ate., Uka other mathe- 
madoel qnantitbe. They may be of any Im a gin a Me 
form, and may be ridur of two or of three dlmanrioas. 
Par pnaent purpoaea, no preaeatatioa of the mathemst- 
ioe of itream-Unei is naeM; nor do we need the tbree- 
dfaaension funetlone, whieh sn mueh mon intiloate to 
handb than the two-dlmenilon. Only thoae perdoalar 
forms of two-dlmsnrion lines whbh pertain to the an- 
slyib of ’’luotlon" will be mentioned, end tor an onder- 
staadlng of their mathmatine the reader b referred to 
the bibliography Ibted bter hettfn. 



and beoauee they are atom of the nature of a "puff" than 
a “suek” the term "luoUan'' will be used here as ex¬ 
cluding them. 

Histonoaily speaking, while the scienoo of byUro- 
dynamlos hss been developed chiefly by Untish -or, 
at most, Kumpean—studonta, yet the recognition of 
lucbon as a feature of importance in navigation has 
arisen virtually exclusively in American expeneooe. The 
aouma of information are dm books and the Admiralty 
Court teourda Prevloui to the Olympio-Ilawke col¬ 
lision in lull there wss no literature on the subject 
known to the wntcr, excepting Taylor’s paper of 1000, 
deseriblug hii Washington experiments. Hesrrh of the 
Hntuh Admiralty records by deputy dbdoiei not a 
single rutorenoe to tbs subjeot. Maraden’g "CoUiriona 
at Hea" (lifiDdun, IBIO) makea only a single refeniiM 
to “auction,'' saying. 

“A veawd will bo held u lault if, without nooeirity, 
she navigates ao close that .... she b affected by 
the wash or auction of the ship ahead and will not 
answer her helm,” 

referring by foutnotu to the Amennsu oasei of the Mo- 
Candless, Manel, Brockton, and Chicago. No eeainh 
of french or Qennan court records has bean made, but 
the principal Qerman work devoted to ship oriUai<mB 
(“Dor Zusammenatosi von Boluffen,” Dr. lUriiard Frien, 
lleiiin, 1890) makes no mention of the aubjeot, which 
eenid hqtriy have happened had it ever been dbeuaaed 
by Ibe Qerman, or even by any Kuropean, oourU. 

Id Amerloen waters die earlmit inatanoea of ehip- 
antkm which were probably euetion, elUiough not given 
that name, ooeurred in 18ffi and 1847, la the “Nauga- 
' tuok"-'’IUiode Iihnd” and ’’Qovemor"-’'Woroeater’' 
orilWons. By 1860 the phen o mmion had found ofllnal 
name, aa ’’laetion,'' in the "Namgaiimtt''-'’iVovldenoe’’ 
enlHrinn. from that time forward the appearasoe of 
the thing was frequent, albeit at hregnbr int^ab. 

* UrproilULoU fiom AnfflNcrifiii; 


trane-Adantia Uuor, a man of dignity and experience. 
Aa be teatiflod, the writer plotted the ship’s poridon on 
a large ■eele-ohart. Had the itatements been correct, 
the ihlp must have bem aground all the way down tho 
harbor. Yet co obvkms vrae the skill, experience, and 
rinnerity of the witnMi that even opporing oounsel mado 
no attempt to impeach hb ttatemoits. Both aidca la- 
oepted the teedmony as oompetent to [wove that hb 
ehip wae well over to that ride of the ohannel On which 
ha(virtaaUy)teitifliedtbatabewasBgrciind. In another 
oaae the court found, from the oomUned teedmony of 
oompetent witneaaea, that It waa » phyrioal impoari- 
bihty for a ootUrion to havo ooonrred; but shioe both 
veiaob were injured the hypotbaria aa to the facta b 
neceMBrily a oompraidaa which fawhidai a crilbion, 

for all thaw reaaom the formation of any aoeerate 
dedaotkms as to the dbtaoee or angb at which euetion 
beoomei an overwhrimlng foree b an Impoaribllity, 
even for any one eaae. Whm the influenM ri luch 
wldriy varying faeton aa aUp-modri. ipeed, sea-bottom, 
ate., b tnaladed, H becomee obvious that any hope of 
aocuiing from expetienoe or diaory a tuantUatiM law of 
Boodon must be abandoned at the atari. Bntevoiwltb- 
out dus, agiieUaritsuDdntandiiig of theforoee at work 
in “suotkm" ean be of the greatcet value in wanting 
pilota sa to diegenenl eondldotts under whbh It b UaUo 
to occur, and ae to where a larger margin of oaatloa thea 
usnsl b needed, for rueh a qualitative understanding 
of ’’suotiori' a brief inmurion into tbeeratleal hydraidiea 
b nenesiary. 

Sirtam-iiMs; “SoureH" aa<l'’&itis.'’—Imagilieabody 
of water of uniform depdi and onlunited bteral ewtnt, 
m which ta [daced vertically, and extending from bottom 
to autfeee, a atrri^ plp« <( RoaU diameter. Imagfaw 
the aidca of thb pipe everywhere perforated with many 
smiU holaa, eo that It ean disobaige or taka in water on 
every side thioni^t lb entin length. Let It be eon- 
neeted at the foot with aome unlimited r eeerv ri r of water 


from a “souroe,” or toward a "elnk,” radiate rtial^t 
stieam-Unea, like the ipokea of a wberi. Physbelly 
■peaking, oaoh stream-l^ tepreMnte a aecter of flow 
of water, meaenred from some radiue taken arbibaiily 
■a a aero exb anrand to the radlui or itream-Une in 
qneation. Therefore the angle between leto exb and 
itnam-llne b the melhematieel meemre of ite quantity, 
and thb quantity of flow b the eame at all distancee 
from the eenter. Any eonvenbat angle mey be taken 
■e the nnlt angb, or an ariiitniy quantity of flow may 
be trim as the nnit. Aooordiiig to the number of aiieh 
unite etreamdlnae radbtbig toom a "aoutee” or "link,’’ 
the btter b leld to have different ’’etmigtlii.” 

In a eanri of uniform, reetangular ero a a mo tion, in 
all portiona al whieh the rate of flow wae the sanui, the 
■tream-Unap would be etrelihi Unaa paralbl with the 
banka. The dbtanee from the bank would be the matha- 
madeal quantity of the btreamdina. 

Fig. 1 ahows the addition of two eueh sate at itream- 
linea, reenltiag in a third eet. The mdbl atraam-Unaa 
are given numarleal vatuee, from "laro," et the exb of 
the flgnra, eioond to "34" for an an^ of SflO dagfoee. 
The panUd Unea an givoi rimllar vrinae—poritive be¬ 
low the aib, and negative above. Bebeting any de¬ 
sired value for a resultant sbeamdlne, the line ean be 
loeated ar paw in g titroai^ tho ktaneetian of eaoh pair 
of original Unn the lom of whoaa veluee equate the de¬ 
sired vahw. Beaultant Unea am time found havliv 
vrinae tengiilg flnom “aero” for the eteeandliw eroering 
the aila at ligb* anttiw and risfaig above it, imireailug 
around to tho right until the nme line below the arte 
hH the vahie "34." From the “aero” cesoltent Hne 
above and to the left ere llnee having nagativa valuee. 
Below end to Oe left an thoia having value above’*31’' 
Both poritive and n^ativa imtaa extend indaflattdy 
awiy bom the eenter of the flgne. 

Barit a Ml of reaoltant rimautiaa would glee the 
dbet of pla^ a "aouree" or a "rink" in a untform 
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oi irmt, iha ovrrmt to Um right if tbu (iiHiit b« truin iwu Hiulu Miuroei «tiJ uiUu m Itukiue dMl or by tluM two ooUinu gettnig into huJ out of p1w«e 

* *“ 1 . . ** ” * ^ * *"'*• **** •«»«*»• *wte «ouro*« m other eompnUn did after Thie to for u the enthor u awerc wae the flnit publioe- 

it wMn-llaee r wnl^t oompoi^ng a aonroe with waidi It U equally pwmlMible to inoreaBe the number tion of wiy gra^ theory of iiirtion ^ et it w iwoper 

* n^nboring nnk In rail water Fig 3 prea the linet of loureea and ainln indednitely each aourre beooming to elate no further developniLiita to whioh the writer 
reiultaa t nwn eompmmding a aouroe and a nnk m a correapondlngty reduced in atreogth until an inflrate haa been able to oarry thia general theory toward ex- 
unifann euwa nt, w from moving a aouroe and aink to- number of inflniteaunal pomta form the baaia for Integra- oetnnaa In tormii of partioular ahip-lim a liave appreeiably 
gather through atiU watw (The roaultant bnea are turn into atreambnea In other wordi the fore half altonid thia flrat explanation wluoh waa bo^ upon 



reatneted tor (lanty to ona out of the four qusdmnlii of the ahip la reprenuoted by one fgraphi al) funrliin jf hydnuiho fat lx whi b lui familiar to evorj pilot and 

of the figure but they obviouhlv exiat alike in all four aouroea of varymg strength while the after half haa a ship owner 

quadrants) The tatter londition gives ua our (in.t slinilar fonotion of sinka By a very ingenious method II aiiir wavis aku bea ontoi kk 

mathemaUeal approximation to tliu dwplaeenunt of of graphical integration without which the oompulation In all the earlier wnbia and peniating in tome texl- 
wnter from bow to item of n moving ship of oien a few finite sourcea bouimea intolMably burden- books to Iho preaeut day there la a confusion aa to 

In Fig 3 the atream bno A when oompletod, gives some the stream bnea are deduced from tbeae aasumed i lassifloation of the aoveral sorta of ship resistanee which 
the flnt lUggMtiun <d the waterline of a ship It we tunotuma h or the details of Taylor a method the must be oleared before the navigator taught in those 
imagina the iratar eneonqnsaed by this stream-hne in reader is referred to hia papers' years onn understand suoUon olmriy Ihoae re- 

a sea of nniform depth equal to tl^ draught of a ship Mr Paylor made testa of tiie force of suoUon betweon siataaoos are now dullnguiahed ae (1) slim tnotion, (3) 
to be Bobdifled withont abaage m volume Ibia eobd two ship-modela towed in fixed psMllol poaitiau m the wave-making, with aometimea n third, eddy making 
would form a ship body having vertionl ndes and a tesUng-tonk at Washington in 1109 and thaHi were whiehinroally apnrtot (1) At preaeut theae reiutaacea 

rootaagular eross-eection and the motion of thie ehip reported to the (Amenesm) Society of Naval Architects are mention^ only for the purpoeo of excluding them 

body thiengh the non at the speed represented by the and Manue hngmeati He repeated similar taste before from the argument Suctiun depends soldy upon the 

poralld bnss of ourrent would develop stream hnu in the British Admiralty Court uthng on the i aae of tlie oxistenoe about every moving ship of [3) the umstraia- 

the smTOimding sea which would be mathematical!) Olympic • Tlawke coltimottdurmg the winter of 1011 ed wave which is quite dislmnl from the biw aum 
equal to those derekqied by the oombhiation of movuig 1013 and oohelon waves of the usual analyns of tbo wave- 

•ouiee and amk The aoarierepreMnts the water thrown The authors oonnection with the develupmout of making leeiituice But It was not until 1308 that thi ro 
off by the bow to open passage-way for the ship while the theory of suotion began in 1008 when he was called appears id the papers of the Institution of Naval An hi 
the sink represents the tegathermg of this water under upon to explain the suction oofiinon between tbo United loots (Bntmh) any reahsation (by D Schioldrop of 
the ftwn to fill m the trough out by the ship i passage States and the Monterc) coastwise linen in New Bergen) that tbi oonitramed wave’ is dutmrt frum 

The loureo^nd sink' method tbos opens a door to York Bay The trial being already under way when be tbeae otli« resistancee In oause as well os in chnractor 

the exact anolysu of the diiplaoemont of the sea by a was first approached, there was time only for the prep- The constrained wave of a ship is nit a true wave 
P^.it<g vessel Hue raetbod to which much tune has oration of orudel diagrams But m connochon with at all Iho true waves are cIsesiDod as (i) bow waves 
bean given by many able men. Originally it was cul the Denver lidiigh ease later that same year and (b) stem waves and (e) ecbelun waves All of thseu 
tivatad as a tor d—igning ehipt of perfect form m the oese of the Fatima and Die Pnnseran Irone are wble diaturbonoea of the sea lurfoee wbuh travel 
irtilah should be oapaUe of wavdem progrsM through atiU later, tbeae diagrams w«e got up more carefully away from the ihip by their own inertia, wb«i onoe 
the water with infaiwuim redstanee but its varr limited Th^y diicuiied manly the general outline of the eon started and with which all seafaring people ere famdur 
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valne (or this purpose wai nelued long ago Now the 
ptobIsD of “eoeuan" oflen It a new apphoation 
By to the most Ingenioaa and the i^vtnst devslop- 
ment of tiie etceamdine tbecoy to actual shipmuxlels 
has bean aontribmsd hr United Btates Naval Con- 
■traeMc Tiylar Ho read two papoe before the Inati- 
tutMi 0* NAval Anduteetf (Bnhih) one, in 1804, on 
"Two4inieaf(anBtnamdiiies,”aiidtheothar on "Three- 
lUgi—jim TSt- " In 1685 Taylor ooneilved the idea 
that if H be perauidble to oomponnd the stream-hnas 


strained wave that for ouo ship being drawn on trans- 
liarimt doth, so that it could he shd over tliat for the 
othw ship, to show how sw tiun foiuis wort di vidopod 

‘ Oa BblpBbapc Btnsni Forms by D W Isylsr Trsns 
actions of tbs IntUtuUaii of Msnl Arcblucts IBM vol isst 
piss S8B BsptossHsp vol IvU pngs 410 On BoUd Btrcam 
tonus sad tbs Ibiptb of Waiar Ws r i s s sr y h> Avdd Abnormal 
BoSMses of Bbipa by D W Taylor Transartloni of tbs 
IssUtntloB of Kaval Arcblisra, IMS vol *«rl past SM 
Kntliutrlnt vol Ba pMv 4W aod 4»T 


The (onatrainod wave tin the other hand la often 
inviaibln and usually needa to he looked for i ven when 
visible It consists of a wido low mnunil of water which 
the ship piles up ahead of herself and wlmh w niimuUU 
until enough surplus preaeure u gathered to start tho 
water mto motion oft beneath or around the hull Its 
iMght IS very low hke a ground awell, but lU bulk u 
tramendoos Its trough may be seen on either beam 
amidships, and at the stem ma a second low crest 
Althongh It IS relatively to tbu that the true waves 
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nno viaibly, yiit the “wnstreliw^ -weve" Itiiolf is visible 
ulMMit every fust vessel, and in tURs it ofum rises a fair 
tnietiim lit the troeboanl, il>e hull "sqiustting” visibly 
inl 4 > its IniuRh. 

This "oonstraiiuHl wiivo" niay be nxplainod Id termi 
(if the stit-aiu-line unnlysis. Tho IwiwHmension stream¬ 
line prosuiijsises tW tliii sen is of uiiifom depth, that 
the Bhip's nidi* urn uverywhem vortiosl, noohinR to the 
sea lioltoiii, and tliat the sen is covered with a thin sheet 
n( rieid ice. slnuiR nnoiiRli to prevent noy vortical altera- 
(inn of Hfla siirfnee. Tills i»n may be supposed not (o 
interfere wtli the motion of tho ship, or tho ship may bo 
n HidiTOHrino just renchinx fnim the Imttum to snrlone. 
I’niler Hiieh conditions alone would the motion of the 
wnU-r (lixplneod by the ship's motion bo puniiy huriaontol 
Under siioh conditions tho increase in pmasuro luwostary 
for luvelrrBtlDK tho water away from tho bows, and 
that onRimdumd by its arrest at the stem ocaln, would 
remain purely yraiure. Confined liy tho rigid ice against 
rising in surfsco-wnviw. 

Hut in nctunUty there is no ice. Tho increase in pros- 
iiini ahead of and astern of tho ship aotoally ooours, 
but it is [lortiuUy n-lioviKl at tho sesrsurfooe. A reodior 
iiicaiiH for the reli-oac of the water than horiionial on- 
cclemlioii is wrlteul aissilcration. The water gets out 
of tho ship's way liy rising vertioally from eithnr bow, 
in waves. 1'lic iiiiwl striking instuv'e of this is tho tiny 
jet Ilf *n(iT ofU n npiHsiriiig right at the stem of river 
siimoicrs. This water is disjilacoil liy a hull of rootangu- 
lur niillino, hut smoll dimciuiionH (the stem), whieh la 
pniis-lied at ilispriiportmiinte siH-ed liy arolatlvoly etior- 
iimiis (Miwcr; hcnei- (he vertical aceoloralion of the water 
IS csoggcrulisl. 

Hut a niom (viniiiion form of virlieol acceleration is 
sisiii in the “Ihiw waves," which riso on dther Imw, and 
n>|Hvit Ihcmiiolvcs in a series extending obliquely aft 
along lint's making angles of aisiiit '23 degrees witli tho 
ship's eoiimo, ultimately merging themselves with the 
oeheloii waves. From the sUrn trail away two similar 
sonos of “st(>m wave's," liul muoh smaller than tho bow 
wav I's. (hi either imam, and all anruss the wake, spreads 
tho (ins-osslon of broad, low echelon waviw. All of tbeao 
are duo to veriiatl atswleration of tho water duo to the 
lock Ilf eonstnuiiing iis'. and all of thorn <»militu(« de- 
diii'lioDs Ilf energy from the "oonstrainod wave," which 
IK normally due to iiuroly liorisontal aeceieratlon of tho 
waUr 

In ueiiiiilily, loo, there is always room for some water 
III i'sc»|M< Is'iiaatli (lie ship’s Isittom, instead of spread- 
iitg out luU'mlly. In deep water (Jiia is the path for roost 
of (lie displaisHl water. Hut in shallow water tills path 
Is out (lit. Kvi'n whom llioro is a foot or so of woter 
In'I wis'ii hull and soo-tiiMir this siwum is usoless for passage 
of wati'r, boeaiiso of the turmoil of eddies. And sinoo 
tlu' fonie of siiotioii is developed only by an aoooleration 
of water, wliiiib finds its (iiite and best oxiimesiun only 
wlu'ii tlic stiip exPmds to the bottom, while the soo- 
surfueu is iniuitraiuud liy imaginary ice, those are the 
conditions whieh will lie assumed throughout the dis- 
■■iissioiu All questiim of bow waves, echelon waves, etc., 
is thus eliminateil. 

In such a sea let lliere lie hold a verllool pole, ex- 
loinling to tlic biiltnin, whieli is then moved horuontolly. 
Tliis is like a vertleal pipe having perforations in its 
Hiiles, (lie side looking towonl the uuune ahead bring 
a "hoiii-is',’’ whilu the aftor side is a "sink.'' Imagine 
two lines drawn on the obart through the point nqmj- 
sciiting Hiieh a |miI«, at angles of 4.') degrees with its course, 
forming four quadrants one ahead, one astern, and one 
on either beam. The theory of stream-lines sluiws that 
In the qiiadranls ahead and astern the seorpmssure is 
gn'otiT Ilian iiomuil, so that, if there were no bw prusont, 
the sra-Hiirfoeu would bn elevated above normal. In the 
quadrants on either beam, conversely, the soit-pmwure 
IS less than neniml, so that, in the absenec of liHi, the 
■en-siirfaee would Imi dcprcswid. Tho 4.1 degree lines 
iin' (lie loci, nr ennlour lines, of moan sea-levol, 

Sucli a fiiiii^phasisl ilispirtion of the sea-surfaee oc- 
liiidly aecoiii|ianii's every sliip. lU exact form is in- 
llueneisl by tile ship's inudul and by the energy leaking 
away in viTlieal wave-forming oeceleratHm. But, in 
esMiiiis', it is always (here, a|iproximatIng tho 4fi-degree 
liiKM ill Kieaii sen-lmcl (smlour It is duo solely to 
I'.iirizontal motion of the water, and it eonstitutu vir- 
liiully tile solo fonsi causing suotiwn. 

Tliis "ninstminisi wave'' is not properly a wave at all. 

11 dues not proixvsl by its own inertia, but is held oon- 
H r.LineiI, os to form and magnitude, by the envinmuig 
soliil sliip and seo-Iioltooi It is stationary reUtivaly 
to till' ship. Its inertia plays no part so long 08 the depth 
reiiiaiiM ennstonl. When tliat vatic*, biiwever, the In- 
erlla of ilie ixinslraiiied wave hcoomes the moat power- 
rul forts' isinimlting the ship. Fur while ita head la 
low ^1 low OH usually bi be inrhaUe- yet the mass of 
walc'r involved is enormous. It extends away from the 
ship nideftnitely, decreasing with distanoa, but atlU 
IH'ns'plilile at several sUp^engths away. 

Tile form iif^this oonstralned wave is markedly dla- 
turted near Uiii ship, away horn the simple 411-dogrH' lines 


of moan seo-larel developed fay the pole, by the Upse of 
the ship. It will be nanesiiry to icaoa further in detail 
these i^ueneee befwe the eomtninad waves of oetoal 
sbipi eon be etndied for auetion putposaa. 

Every movliif ship oota appnidmateiy like the verthial 
imle Jnst imagined as moved hariaontally through the 
water—vis., to distort the sea*nrfaoe about it in four 
quadrants, domariced by obKqne 4&-degrte liiwa throufdt 
its center of dispUeemeat. The (luodtants ahead and 
oatem exhibit surplus preiiuret, or elavotiona, of the 
iiirfaoe above mean aea^vel. The quadrmnta on either 
beam show deftoita below mean seodevel; but is the ease 
of the actual ship its dongatad form dhtorto the 4A- 
degree iinoe neer the ahip into enrvee of a hypcrbiiUo 
form, asymptotic to the 4fi-degree llnea, meeting the hull 
on either how or either quarter. 

In Fig. fi are shown two ship* in woterdloe plan, 
A and B, overiopplng each othw on ponllel oounes. 
Tho hyperbolic contoors of mean seo-lavel ore ihown 
HxUindl^ from either bow. and qnarteri the plus and 
minua signs indkata the aurplos and deilett of sea pres- 
sun in tho neh^lK^iod of eooh ship, while tiie net 
hmuontal pressure upon the hell la ahuwn by arrows— 
an arrow heading toward the hull Indioating surplus, 
and ana hfsuiitig outwardly a deflolt, at prsasnre. The 
ships will be aeaumed to be moving toi^ the right, 
although the curvM would be the some (In this partieulor 
ease) for motion in dther dirsotioa. 

Without attempting now to indicate the exaet form 
of theae carves, whieh will be disoussed later, It Is plain 
at a glance that the two sets of plus and minus signs 
must (wicul each other, to some degree at least. Thus 
ship A will have ita lateral preasures along its starhoord 
bow ineretual by the infiuonco of fl’s forward quadrant 
of surplus preasurv, while the presaun* along A's stor- 
isiord quarter wiU bo dternued by the inflnonoe of B'l 
port lateral deficit of pressure. Binoe the normal sea 
prossurai along A'i port side are virtually unchanged 
by fl's presonoe, A will feel a tondaney to swliig to pert. 

Following the same reasoning aa to the eAeet upon 
A of A'a starboard and astwn qaadronts, it appears that 
B must feel a tendenoy to swing to port also. But 
whereas A't awing in response to these forces earries 
her away from their origin and decreases the danger of 
eoUlalon, except with ubjoots on A's port hand, any 
slight rmponae of B to these forces will very rtphlly 
exaggerate them and aceelerate her approoeh to A't 
quarter. 

To the (UigiiHwr, tho situation may bo rtaonr if oi^ 
idoinod in terms of tho foralliar Venturi meter, a diagram 
of which is given in Fig. 0. In Uio Voninri any surplus 
preaanre existing within the conduit at either end, as 
indicated hy the arrows, is altorod morn nr less into a 
iloficit at the "throat'' A by the realrioted dinmotor, 
and the oonsequont oceelentlun of the water at this 
imlnt. If a troaob pipe D be oonnMited at this point, 
the deficit may be enough to draw fluid in throu^ this 
pipe, oltbongh water might flow outwardly with foroo 
at K. Or, if the Venturi be mode of fiexlhle matarlal, 
-when the flow has rnoohad a oertoin veioolty the deficit 
of prnseuro at B will eouse the walla to ooDopao; and this 
collapse will bo sudden oud violent, in unstable equili¬ 
brium. 

Now the space between the two ships of Fig. 6 offers 
the most direct pathway for the water which, displaced 
by both vessels, must get from ahead to Mlern by miiuo 
way or another. But it forms » reilrieUd pathway, 
with gradual oonvotgence and dlvergenee of solid wrils 
on either side of the "throat-” In all this it is quite 
like a Venturi. But if ship B swings a bit to port it 
(reates a situation quite Hka the first "give” of tbe throat 
of the flexible Venturi—the foroes engender their 
own oceolcntion, in unstable equiUbrium, and the mo¬ 
tion, onen startod, aoeoleratea rmndly to a sadden nod 
violent ond. 

ainen the situation of Fig. 5 is usually eroaled by a 
larger, faster vesssl overtaking a smaller, slower one, 
the latter flnds itself flint in tbe A poaltloa; but this 
is the position of lorn danger and is often passed without 
miahap. But when tbe smaller vetosl baa dropped book 
Into the B position it is in the gieaUrt danger. The 
majority of suotlon eoUiaions oeonr (n this poritlui, 
the avnrtaken vessel aoddeiUy swerving aneontrolUbiy— 
usually in deflanea of ahard-ovw heim, sod often against 
ravened engines—into tbs quarter of the othw vee- 
ool. 

Usually, of eourie, the larger vemei la unoffeetod by 
the forces engendered mutualty between tbe two; bat 
tometinua it is tbe Iseger vesMl whieh le the dower one. 
Indeed, the reaorded InstmieeB of suetlon seem to In- 

whleh oould eel thane torese M work, with vatioua re¬ 
sults. Frequently tbe ahip in the A podtion la driven 
off her oourae enoii^ to eoilUe with other vuaida, or 
with a bonk. In one inataiwe, a large freighter totag 
down New York Bey, whan overtaken by a Hmt, wm 
iwuag d^t pointi off Imt eouiw by thla repeOent tom- 
ponent of the “auetion" f oteeg- fo r tm etdy having Ma 
mom enough to cheek hK way betbre ruMdiig aground— 


but wna left In that podtion bdpleie until tbe Unw woe 
well by. 

For it ii obvioui that tbe toroee ereoted by tboM 
"eonatrained" wnvee following and pneading the ahlpe 
oan emfly be fer greater than any of thoee ordlnorOy 
relied upon for maoenvorlng. While the altitude cl the 
^ oonstralned wave la slight. Its extent eovsre an area of 
" ahip-slde whieh Is enomioua when oomparad with the 
rudder snrfoM. Indeed, the difflenlty in oonneetion 
with suetkm is not to explain it, but to explain how H 
is that so many ships pats dosdy without its beetmiiiig 
on uvtwwhelmliig factor. The most frequent ontwiw ia, 
deplM qf water. U reqnlna no mothamaties to show 
that this Veniuri-Ilke restiiatiun at waterway between 
the two tbipa ii much worse in shallow water than In 
deep. But suotion eolUsloea ■omctlmas oeonr in water 
which, while not very deep, provides moni^ q«oe be¬ 
neath the hulls to peas a goM deal of water; whBa In 
quite shellow 'water veaaels often pern very doee in aefety. 
To answer these questions the exaet form of the «oiif 
strained wave neoda furthor eonsMeration. 

(To >e (Mnutcdad.) 

Wa wieh to all attention to the flut that w« nre In a 
poalUoa to reoder cmnprtent aervlcoa la every brandi 
of patent or trade-mark work. Our etaff la coaipoatfi 
of mecbanleal, electrical and chemkal exparta, ther- 
ongbly trained to prepare end proeecute all patent ep- 
pltcatlona, Irreepectlve of the complex natnre of the 
snbject matter Involved, or of the epedellaad, teehnlnl, 
or acienUfle knowledge required therefor. 

We also have aseoclatee throughout the world, who 
aselit lu the pioeeeutloa of patent and trade-mark ap- 
pllcalione filed In all couutrloa foreign to the Halted 
SUtea 

lfimw*0(x, 

Fetml SoUeUon, 


Branch Oflice: 

«20 r Street, N. W, 

Weehlngtim, O. a 

SCIENTIFIC AMERICAN 
SUPPLEMENT 

Fomided W4 

NEW YORK, SATUBDAY, JANUABT I, ifilS 
PubllslMd wsfkly by Maas a CtHspsaj, laeerpsntsd 
UtasriH AII«B Maas, Pnrtaeat; Fredsilek Ceavsrsa leash, 
Heoetary; Oisea D. Hbbi, Trsaasier 
sU at Ml Brstdwsr, Ksw Zork 


The BcientUc American PubUeatlaas 
adsstuc Abitfleaa gnppluMst (mtsbUshed in«) pw ytu MM 
BdraHOe AowikSD (sstabUabsd 18a> .... <* tM 

Aotrlssa Botass sad Oarteas. " 100 

Ihseesibliwdnbseriptlosnitmasd istas (o fOrsIsB earatrlss, 
IsrMlaa Caaade, wfll be taralsbsd npos ippU n i t le a 
Bamlt by posul or txprsss Bwecy erdir. beak draft or she* 

Mina A Co., lac., 361 Bkoadwijr, Now York 


The purpoM of the Bupplement it to puhUth 
the more important omiotMoemeiefd of fffitfM- 
guitked tKhnologiite. to digett tigtUfioont erti- 
olet that appear i» Bwopeam puhUeatimu, and 
altogether to refeot the moit advanoed thought 
in taienoe and induitrg throughout the world. 


Xiperlomta In Uybrldlilns Jspanw mowers.—By Wal¬ 
ter Procter ionoy, Ph.n.II 

. Tbe x-rsy apeetnmeter. -1 IlloitnUofl . II 

The nsaet Jnplter.—Hy Bev. Ttteortora K H. PtaUlliis.— 

a ninetiathaB . » 

Tbe PhysMefy of Worry. -By Xerl D. muert, U.V . X 

Htorlaa fleet . M 

Oraaolc Mettec In tbo BoU . 81 

PontlUrlUee of UrthiraraH.—By Prof. Dr. R Koncbelt 

A BtMsinn Rmbniao m wmi"! a 
Consfote Flndseti on the PsaneylvanU BaOrosd.—By Day 

Alton wniey.—i lUtatrnUaas .a 

Actaal laatsness of Dual Ptnoaalitton.—IL—By Mward 


Borne yeatorm of Pheto-ebeaHstry. By H. B. Megewy.. h 

A Mew RacfeatlOB Beatoa . I 

Prateettog mieeied Mlrrore by Cbpper Platiqfl.1 


Ptaat Qkly OertUed Poutoee . 

Ooim Uibis <a Avtottoa PWds.-8 fllmtortleM . 
Tbe ItoDotinM of the larih ia tUdtoMegtapky .. 



























Um 4 for draiion po'poo* •* Now OrlwMi, m 4 eon ponp 1M,K0 gsIlMo k ■taotfc 
THE LABQBBT CENTRIFUGAL PUMP^ISoo pogo 37.1 















SQENTinCAMraiCANSUFFUMEKrHaiin} ' 


'' • lAiairHIi«» 


Ozone in Ventilation* 

An ExiK)sition of Faulty Methods of Investi^fation Heretofore Employed 

J C Oloen and Wm H Ulrich 


In M|Hft i( 1ii< fnit tint II RTtnl ninii\ nitr^tiinttniia 
hot lun loiTH 1 iiv in ttfinl vinm on Ihi pffiit of 
< 1 / nit rn wr larUnu an I il ra and oliw on th( phvai 
< I IK ul ilTntH of < 1 /in till iiMMl diviret iow-Iuhiom 
I VI Inn II mu lit d uul opiniiiun i xprawi d tmth ref- 
inni 111 III qiiiHtuimi imwIiRntad 'Him ponfuirinn 
III In wiimnliBt U> fautlv wiiDlilli tiihniqun and do- 
ilu liiiin frim iiiipminrlv iluwen ixpinnunt* at will 
n>i ir I I If piinl of vii« Ihr miwt mint I'ntiiinnni 
UK unit o/oni in vmtilalion an (niinil in two mIiiUk 
uliiili win piillishid in the ihmuo of Siptmilur J7Ui 
I'lHiftliiJ rill f ll I Amiru in Vrdiral Attonalu a 
inn liv Iordan aiil ( orlniin and tiu iithir li\ Sawyra 
lltkwilh and Sk llnld in tin lotUniiilal phvnalii(pe 
niiil iliiKkn/iiMr o ti n of ii/ini A numUr of inun 
III thi milliuiU uMd in thi ixpinraents giviu in tbow. 
artiiliH havi Iniii nolid and tliLge Mem mi iimniu and 
llu artiihm have Imn mi widilv qiioUd that it Mnma 
lUnrahli to (.nrr it tiu iniiiap|inh(n<ai ih wIiuIi have 
fipi.n pr xluci d llutli of thi m arlu ks nfi r to the fai t 
that ixacBtrated rlaimi. win modi hv aKenU wllinK 
oMtne niathinm 

In thi artu.li liy Jordan and < athmn it u atated on 
page 10 that the oiini cntmliun of oroni i« dotnrminuil 
by drawing the ii«mi/(d air through a solution of po- 
tainluTn lodidi whuh haa hi in aiidiHid with lutfuru. 
acid The liberated iodine im thin titrated with tliio 
KUlfatH mlutinn It M will known among oluRmiita 
that an oiidiflid wdulion of potoMOum lodidi u readily 
oxidtwil by thH ordinorv oxygen of thi air and ihore- 
furo if an aiidiflod eolutina of potoanum iodide la uwd 
for the diterminatii n of o/one thi nnulu will bo high 
rhi amount of the error will vary with tho oonoentra- 
tiun of the oxono and may uunly give ruulta double 
the true eon intratum of o/oni Thin errjr lan lamly 
he dumonatrated by drawing air free from uaiino thruiigh 
Hueh an acidified Milution ot putaaaium ludule It w 
■ Yident thin ton that no nlumui oan lio phuid 
on till fignna giMii for the cumentratnina ot oeom 
whuli an niKirtid in Ilua afMele In tho artiik b\ 
hawyir Jkakwitli and hkolAild tho ootKintratuiwi ot 
0/1 ni w n nrt ditirmined 

It la nnivtnalh reiogni/cd liv ventilating ongineera 
who an familuu- with thi use of oroiu that it la of thi 
gnatmt imiKirton 1 ti ngulati the i on intration of 
Ihi 11 / lit and that wi ui is nsiful oulv win n i mpl ived 
ID Ihi pmptr I oni I 111 ration Thi« will known pnn 
itidi Ml Ilia to bail lann so little umlemUiod by ihiw 
iDVi atigatun that thi y failed to make oorcful and oi iu> 
rati di tirnunationa of thi lonii nlnalioua of urono uaed 
an 1 thi n funi many of tho i on liua ina whu h they rear hod 
an iiitinlv vitiated 

Anothir very atnuaa error in uxpennii ntal ptooodure 
IS found in the Uata which wen mode on the effeit of 
o/one on udonnu aiihatamoa A conaidirable nqmher. 
of auih aubstanooe wore uxponrai ntuL. aqth, and tho 
run luaiun wan mu bid that tiu urone tniufci theae 
odom hut dom nut ileutroy them and that therefore 
urimi iH not usitui in tho removal of auuh odora 

rho method of proteduie oonaiaiod in expoaing the 
iilistaiiii giving ^ the odor until a marked odor 
Hua noticid m the amall ikiaed room which woa uaed 
fir tiu expurunimU The o/ono moihine woa then 
o|Hmtud untd a itrong odor ot ovine waa prodhied 
Ohsorvationa wore mode from time to Ume ol die odor 
in till room and it waa oboerved in a good many eaaeq 
that tho ozone odor gradually diaoppeared and (be odor 
of (lu BuhaUnoe expemnented upon retomed In aome 
IB8UI ozone waa again generated nntd lU odor woa 
jirinouDcid and ohaervationi again mada with refer- 
I 111 I to the duappearanee of the ozone odor and the i»- 
appi oram i of the odor ot the lubatanM axpenmented 
up 11 llii loneluaion woe drawn that the ovme dul 
not deetrov the eubatanee givug the odew but maeked 
It tbia louoluMon waa baaed npon the dn^ipearaaee of 
tlie oronn odor and the return ol the other odor No 
oihir ovidinii whatever on tUa point la pnoentad 

In tbeai lapennieDU no attampt aearna to hare been 
mode to ditemune tbe amounts of (be odoroua anbitaii- 
lua whiih were proaeot in the eir aaeept by Uw odor 
the cacpurimsttlen apparently did not eonadar (he feet 
that the odora of aubatanees diller a great deal in intan- 
■ity, aud that the quantities of aubetaaeee wUeh would 
be preeent, even though the mtanaity d (he odor waa 
tbe aanie, would differ very muoh Theae authora alao 
foikd to he«) m mind (hat tbe deetmatioa of odora 
by oaone m am oxuHzing ptouM and (hat tUa, oa wdU 


iw oU ehemuial mwitiant m quantitative id the soaoe (hat 
a definitn amount of oxygen la required to oxidire a 
di finite amount of an oxuhzaUe Nbetanoe 
The following reaition takes place when ozone oxi- 
dizoa hydragen lulflde 

HiR-l'O.-HrO-f-B+O. 

That M, 34 parts of hydrogen eulfida would requira 
48 patta of ozone for thoir oxidathm Whan tbe hy¬ 
drogen nililde la dloKfiveci in water the auifur hbented 
iz etill further uxidiied by the ozone to lulfuno amd, 
whteh would require a ztiH larger quantity of ozone 
hut w eurdlng to tbe reaction given a aomewhat larger 
amount of nune than hydrogen inUtde would he neoMa 
BUT for the dortructum of (hit nibataiiee Now if 
tho mtenaity of the oaone odor la muoh greater than 
that of tile odor of hydrogen unlflde (he hydrogen luMdo 
would be oxulited by the ozone in the eapcrlinenta 
roportnd by Jordan and Ceilion and aome other anthori 
quotnd and the hydragen inlftde odor wonld then re- 
timi ea reporW by theae invertlfaton 
III ordir to venfv theae eomdunona e x perl m ante were 
lernid out (o aaoertain the amount of hydngea eulfido 
whu h will give a diitmet odor A large balloon flaak 
of to Iiton oapanty waa uaed The hydrogen lulllda 
wuH prodnoed by treatmg known weights of eaiefnlly 
analyzud mm lulfldo with dilute aulfuTM amd The 
M V Ung lubetaaom win ptaoed on a watoh eryital lua- 
pi ndod in the oontor of tbe haUoon llaak In additum 
to thi odor tcMU were made with lead acetate paper 
maunry >r oooa or BTSkooait iduibi 
M u HA per Nrt srtlb Uad 

Culitc Mata AealoM Papa Oda 

tlTT Var black Tay Mveg 

ZM Way bloak BMaa 

ai Vay Uoefe SMIact 

M Tmad biMk dpwty filrijr dlitlnet 
la Brown oo rdoar falal 

7 a Tunwd bneti vay riowly Ko odor 
Wlule to obtam a datiaat odew of ^drogen nililde 
01 pens are required tbe odor of orimo u very marked 
whem ptmrnl tu the extant of one part per mOlion, the 
lumt bring one-tmtb pert per miUion In the ea- 
penmintR of Jordon and Cariion. the oonoentrataon of 
the hydrogen lulflde must bavo been from dU to 60 
milligrammo One part of ozone would have given a 
Blmng odor whkh lould mask the odor of hydrogon 
tiulflde until by tho oxidation of the latter tbe oaone 
aoB decompmied Icem than ono part per million of 
thi hjdiogin eulflde would be deatroyed by thu oada- 
tion loaving a lulBeient anwunt ot bydiu^ eulflde to 
giveaveiydietinotodor On agamgeneratuigoioiie until 
a Btrnng ozone odor wee obtained, tbe hydrogen eulflda 
would be again maiked awl wbm tbe ome odor had 
duiaiipiarod tbs hydrogen ndfide odor would reejipeer 
Tbui oould be done nqieatadly, ae reported 1^ Jordon 
andCorlion The eonoltuion whiob tW drew, bowevv, 

II entirely unjuatUed, namely, that t^ expenmenta 

ihowod that thi hydrogen nlfl^ odor wei namely meolmd 
and hydrogmi lulflde not ozidued or deetroyed by tiu 
oiaiie 

In order to vapfy this eenduiion, the following pa- 
perunent wai earned out A eonesnttation of 25 nuUi- 

gnanmee of hydrogen lulflde wts treated with oaone of a 

ooDoeutration of 36 6 nulbcniuniai per bt« In these 
oooeentratloni then would be put enoo^ oionp to 
oaidiae the hydrogeu inlflde la thu upolinent Che 
oaone odor waa at flnt very pronouneed but after tUi 
odor hod disappeared there wee no hyibmgen i^lfiBe 
odor A sluiht aeidlty wee bdioated hy the reddening 
of blue litmni paper The oune need had been very 
oanfully teeted for ultroui oaidee, but none wee'found 
Another eaperlment wae ouned out b vUdi t^e 

the hybupn eulflda oouficntration waa 60 7 mODgnuaiBee 
par enbM meter, ao that only a amaU part of the hydrogen 

eulflde 0 ^ be mndlawi by the oaone pteMnt At. 
flnt only the odor ef the mom eonU be detwted libe 
hydrogmi auUda odor gradnafiy ntonied so that wlth- 
m one hour a fhut, and aflv tww hoon a dbtenet, hy- 
drogM aulflda odor wm dataeted, while the oMAote 
had entirely dieappaaied 

Thu expeemant eonM berepaatad throe or fott tbufl. 

■a reported by Jotdan and Cariaoe on of Mr 

orttolk They furthro iNMo. , 

maddng oattai of oaeae doro not 

If tho antbon had eopriderod the M 

oattan they meght hava n«M aottblr dtthnM M* 
ehuhiM and would have aaa ChM tl|«tr we fM 4 eM>»*4 
weealn axaet eieordanee wfAh the Ih^ MhttMh 
otriMa hydnon atdflde Mtt other aahMWign Thror 
iliB further iM to the flMliue 9t tha dhatoey «n£ 


oigaos by Ou ozone Tluy roy "fltaoag atamUltra- 
IMMM of (MOM rapidly thtlgua or ataaathatlae the olfhatary 
epithettiHu *. One wpndaM why tha a«Ma ^ not 


and thauumerona other odora wWeh are presen t toUheiul 
eal laboratpitaa pcodtiaa the mm affeet on o Bhetory 
aranotnotliiedbywiiitaei 

Hydrogen aoMde la alao nUiaad by tba air, aa b 
shown by the feet that tha odor dowly iltiarpnirnil In 
a dupUoate eipennimit In tha aheenea ot oaoeto. 

In irann eaaea oaone aata aa a aatalytle agent. Thb 
waasbownhy theaatMiiofoioiiaenliai^oa Welglwd 
qoaiitctiei of linseed oil were exposed to mr and oaone 
The oil expeead to ab gamed 17 aiilroraMwaa, whlWan 
equal quantity eirootod to the aetio&at oaone gatned 110 
miUigrammea du^ the same tfans Tho amount of 
oaone gsmiratod waa 11 4 mDllgraDunat The oaone, 
tberofore aoted as a oatalytie agent, ewuing the ebaerp- 
tion of 83 mflllgramnm of oxygen, whleh ta neatly live 
thnee aa nmeh oxygen as waa absorbed by thr ail axpoaMi 
to air alone It b reoaonOble to roppooe that oune 
would act as a mtolytlo egent and oauea the oxidation 
of otbiw ode and otganlo subataiwMe ehnfltr to Unaead 
ml 

In the ease of amniMiia the Mine oonoldetattimi apply 
A mm nma u omdusd by oaone m aooerdanoa With the 
fdlowuig equabon 

+ 3 O, - Ni 4-3 HiO 4-a Ol 

In thu ease, one part ot ammoma b oxidized by about 
tour parts of ozone A study of tha intonalty at (he 
odor of amaoma gave the foUowliic reuilta - 


1(100 Tuna bhu nacUIr Mnat 

•aa Tumblusiiqwlp reHrunes 

tw TsnulitaidMj VabhrMnoa 

IBS Turns Mw wwy tMr VMMr c«naiB 

AI Tuns blue ycwriAnlr (JaHediiUaet 

ei Tuns bissM Mum vwyiHwtr fWnt 
n TunuporUsBrHseiaadssivarrriewlr TwrlUtt 
10 HosoUoa Meador 

Fxpenmeota wore earned out In whMi known amoiiata 
of ammonia won treated with definite amounts of onaae 
and tbe anunoma rwnauimg was datumtlmd by ab¬ 
sorption with sutfuiw told and neideilxug Amtwmia 
'1 srted upon very itowly so that J4 hours were allowed 
for the reaethm The ooumittatiim of the oiou wia 
36 6 miUlgramnue and nf thu mmiwila lytinMUgi immins 
por cubio mater Aftsr 84 boon, 78 anflliiManiei of 
ammouu nmauied in the flask oonteHning ah* and 76 
nuUigrammoa in the flask orataimni eaana. The quan¬ 
tity of oaone present was suOeieut to onldlBe 8M mUli- 
gnminea ot ammoma per onbu mtov The expsn- 
nmit indiofttet some oxidfttoon 0 ^ owiio 

Erlandaen and Bohwarto' etote Hiat their naolts diowed 

BiqieriiDeDts wire also ooined out to laoirtaip the 
intenuty of the odor of oil ot doves It ww tound 
that 66 mUHgrmmei per enWe meter would Ktre a awong 
odor Tha amount of ozoM Moesron to uMdito oB 
of ulovae oanaot be Mlefilated exaqtlir. M it wodd 
probeUy nqtdN aevand timet male than aa equal weight. 
Oa mbjeetliig the oB of dowel wpm In n Boneenwltai 
of 36^ nuBlgraumei per ottbie meter to ttu nethw of 
jMM ot^n eqwgnMatMti of 3B mflUgtaromM pm enUe 
mater, IVwap foe^lf^ at flmi a detinet ote of oaeue 
,(Kx^ bo detM wWoh grtM dlNMaroe^ 
rneifanafl by nsweat odtoiWMiii had uo ruiMdaMa to 

SddAM^^atWeiPurdM VarTmSS^ 


X ijieMloSTSS ysint, tinSiltw 

»baaMiiiiydW» e wn ^tt wftWb fl to » hgwa. 


9t tfc> hliiwfl pwaidin d w iiB M W Bw uft r 

bid M adbr «fl etofw-pmidtd. Ahy guMga 

of ^ ifluMat w^ dM 
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iMMMa ^ fiMsd ra^ 

MM tgr todan ud CMm atoo iMndoB tiie 
wM of UaadMtt nd BahwarU, but itata that the x«- 
aidta id tiba latter area with theee at Jordan and Cari- 
aoh V Amritf that oaiaie moehe odon and doee mt 
oridtae the wbataneea djaeweed Jordan and CarUon 
arm ktala that “The inahth^ ot oaone to mddue (to 
angr tpvrhahhie ettau) anunoina and oO of elovia 
it My aMdiiK" Tianhbn rvaa the reanlta of expoi- 
Aoiriiif the nddatwn ot a rent many organio 
■ahtfiM, and danunetrated that carbon mononde la 
oaldlaad to earbon dfanode ■ 

Uhdonbtedly many of the oonfliotinc oosBiiiaioiia 
«Uab hare been reaidwd are due to tbe fatlure of oz- 
pertDMBtere to take into aeaonut the quantitative re- 
lalloH between oaone and the eubetaneea to bo ojodued 
and have ganenOy failed to leataav that on aooount 
ol the meh renter mtennty of tbe odor of oione than 
that of other anbctaneea ptodaoug odor far too httle 
oanpe lut been employed u the exponmenu The odor 
of oaone b at tenet 100 tnnea aa intenm aa that of other 
aubatanoea havliig a pronounood odor 
The eommon method of uaug oione to deetroy odon 
aaama to be juatifled by tbeao oanetderatioua The oaone 
maefamea fat good pcaetiae are opmted eo that a very 
amalloanoenttabonafoioneintheairuproduoad The 
oontmned renewal of thia amall amount of oaone adduei 
the odoroua mbetaneea and givea the total quanUly 
of oaone requited by ohamioal theory 
Jordan and Carieon undertook to prove that oaone 
done not deetroy amoke by eoatlog a pieoe of glaaed 
paper umfonnly with a flhn of lampblaok and 
aubjeeting the onrbon to the notion of oione for 10 haute 
and etate that there wan no efleot on the lampblaak 
They rmard thia aa endenoe that oaone doea not de- 
atroy anudw «itt«on gt» they atate that amoke alao con- 
tiiiM earbon monoxide aolfuroue aold etc they eenrn 
to have made no attempt to itudy the effeot of oaone 
on carbon and aulfuroua amd, but atate that 

the omerhon that oaone deetmya amoke u equivw 
lent to a deHberate deoeption beoauae oaone doea not 
(Nddlae eerbon partwlaa auapended in the eir Not 
being obemiata, Jordan and Carbon might not have 
known that oatbon le extnmdy dilbeult to osdue, 
but they ehould bava known that eerbon monoxide and 
■ulfuroue aeid, u wall u eraoaota and other pungent 
and aromatu orgaob enbetanaeB pfoeent in emoke, pro¬ 
duce dieagMealib and tone phynologiaal oltoatt It le 
juet theee oonatituienU of amoke wbioh are eeaily ou- 
diaed by oaone The earbon whioh b not anted upon 
b totally inert nnd h a rmln ai 
Jordan and Carbon alao earned out mveatigaUoui 
on the aUion of ownie on ab baoteria. Aa hai already 
bean ttatod, their detanmnatioa of the oonoentration 
of oaone oaanot be rabad upon beoaiiae acidified aulu 
tMma of potamtum wdlde wore uaed which give high 
nwolta The euthora admit that the plate method whieh 
they need waa not aa exeat onei and that therefore the 
iwdta wore irregular rtiey obtained a reduotiaa of 
baotena tram 04toJi»,4etol8,(llto67 (mereawi), 
7S to 84, that M, the baoteria were redueed to 406 per 
cent, 63 3 per oent end 06 4 per oent m three teeU 
wbib m the fourth there wee an Inereaw to lUB 6 pw 
wnt Moat aatbon would duaud the fourth tert and 
— the roduotion to be about 00 pec cent Jordan 
awl Cmbon thmi tnad Wmalow a more exaet method, 
hot did not uae a large enough aauipb tor the tan (4 0 
1it«), to that the Imdieet numbi* of baotena eountad 
wear It b not good pieeti mjttb aetoniol y i M 

Ma*^M*'te*tollowing itrange oowdunon from their 

eUaged elfeat of oaono on the ordinaiy air 
baetmla, U it oeouta at ad, la iliidit nnd irregular even 
whm amotinta ot ter beyond the lumt of human 
]> a jMMi.,gi«B i tolaCMiee are employed ' 

TV* ta mo ICMOO to nwoee that the oxmw uwd 
In tlMie wu 'Vhr beyond the hmlt ol 

inbaM phybolofkml tobranoe * The redi^ m tlm 
uMbor of Hr baebnn m not "dight and uiegubr" 
aiw laanlte of Jordan and Carbon agcaa 

whh tha mmdta obtained hgr one of na* in New York 
Momi abowfa* a leduetMn u air baetmia and 

met«h of 70 pm aent, 61 P« eent end «1 per cant, the 

|*j SyS jjL'* ***j I y 

T!hb Hn t ma mt b eone^ aa rt 

Ooly 

fea balbf held m 


bag that baoterb aiated aa a nu«i«, m rebreathad 
air It haa been ahown that infeetton oeoura but rarely 
from erndwcnebaeterb and then only when tha toatma 
ore ta the buhh cmdiltoa It la juat theae virulent bao¬ 
terb whioh aro quiokly (Uttcuyed by oaone even in low 
oaooentntioiu Hm baeterb which reaiat the oaone 
axe powerlcH to tranimit diieaae 

It b by no m ea n a niwmeiry to ahow that owna u 
oapabb ol ttenluisg tha air in order to ahow that it u 
uaoful m ventibuon There la m faat no othw dinn- 
feotant whioh oaa be uaad even m low ooncontrationi 
m hviag roome All other known dumfoetaiiU are 
highly dangeroua m ooneenbataone high enough to be 
at all Meetive Oione in bw oonoentratHwi will both 
remove odMi and will matnally redoee the baotena 
content of the air 

Jordan and Carbon attampted to ihow that ouine 
u dangerouf by lubjeoUng guinea pigt to high oonoen- 
trationi nnbl the Mheai* died They aleu fotood itxung 
oaone (10 parte per milUim) direetly mto the lunge ot 
doga and rabbib after perfonning traobeotomy under 
ether and ineerting a tube well below tho brynx and 
treating the wound with oooame They lay they did 
thu beeauae at but thrae-tourtha ot tbe oaone lu de- 
ownpoa o d by the muooua mmnhrano ot tho rupiratory 
pamagm It la diffioult to am what hearing thia ex 
periment can have on tha uae of oaone b ventilation 
The oaone wbieh wu toned mto the lunga muit have 
bean uvaml hundred burn ta ooncentrated u it la ever 
uaed m ventibtioa It would have bean qmte u kigual 
U> pbu in pure oxygen or even an atmoaphere 

of AO pa emt oxygen and alio forae theee game direotiy 
mto the lunga When the animali died and the lungt 
ware found to be mfiamed the oonUiiuon might bo 
drawn by highly anadem w eziierunentem that it la dan 
gecwia to broathe air uontainmg 20 per eant oxygon 

Jordan and Carbon eemed out expenmenb with what 
might bo called low oonoentrabou of owuo They 
xubjoetad 4 oata, 4 rabbita, 6 guinea piga and 12 raU to 
oaone of 1 part per million nine houn daily during two 
weelie eo that imtabon ot the eyee and note wu pn>- 
duaed Body weight, appetite and general oundiuon 
wore noted No lU efleob on appetite and body weight 
or gimecal oondition oould bo obeerved The eonolu- 
■lon oould, tberaforo, be drawn that oaone in modonUi 
oonoentntKHia la harmleea but Jordan and Carbon warn 
ue that thia uinoluaion la not juablled 

Ihey aay Wo deauu to abte, however that thia 
tmt duel not warrant tbe umoluaiun that tho oaone in 
oonoantratioiia that may be uaed m praotical ventibtion 
la hannleM to mim Two weeks is a abort bine m thu 
life of a inen If osoiM m venulabon should e/me mto 
general use, it would mean m the oaee of uUloo and ebop 
worken expoeure to oaone from 6 to 10 houra a day 6 
deye of the week, from 0 to 12 months of the year for 
fram 20 to 60 yoani And even it thie prolonged oi- 
poeuro to oaono should prove harmleu to thu robust 
poraou what about the unfortuoato person wbow lungs 
have only alight power of reaubun of 

Jordan and tj wrlson seem to have fallen into Uie irrur 
of rwiir’"t that beoauae they have not tried to and 
tbenfors have not demonstrated actually, benefit from 
the UM ot oaona, thia b oquivalont to bavmg demon 
■mated the ravoru, i •, the harmfulneu of oaone 

If the tub presented m this p^er are properly m 
terpnted they will be found to be m aeixi r dan o e with 
the view that oamie it a powerful dumfei tant end dov- 
bnming ..itotaiin,. whioh, to euitabtu conoentrabon is 
without any mpinouj effeots wbalew Tha eliuuna- 
tion of odor le by no means tbe leut important funcuon 
of oaone end there la no other agenoy avaibble uxce|>i 
dilution with frsah air In many mhs it is iinposnblu 
to mtroduee ■"oog b air for this purpoee without pn^ 
dooiiig annayaDM and dangerous diafta of air not to 
mmynff eqwnse of blower matalbtaon and operabon 
u wall u hwtiiH the air Aa a matter of taut bifore 
oaone wu available, diugieoa b b odors have often been 
ounaUmed unavoidalfie whioh eoold not he 

eHminatod or ovwooam. 

With rWomoae to the ilbged harmful effeoto ot oaone, 
no ngb iMtanu of be™ to a potacm from tbe isoper 
use ot in TonttlatKm hu bean pobhibed, but all 
adVHU opInKHM have been deduced, by latenmoo, u 
m the papa by Jordan twi Carbon, bom expmnanb 
pHformed with vary high oonoentratimM, whib all of- 
t«rt> to prtM^ harm up«im«toll> with weak oaona 
knvebibd. 

Judan and Omlun r«ort that 26 eaimab, expoaed 
for 14 dars dsrmg 6 houm uoh dv. to oonoortntwu 
h%h HMHHh to eanu bntotkm of the eyu and noao, 
eoflHnd ao lU «0 hI trimtovH Bill oitm the oum of 

tha a»HO«i wurtaa In the London imdHgrouiid tobu 
who hate ahown no * Meet in thru yearn. Q«^ 

«ltm the finheWHd wurkmi in the ephmmg n^ «» 
'BmlUaiai ai^ inaMv tfanil*'itobuMe of protonged 
amm me of Mbout a imgle aompbmt ate to- 

fl-j "1 -Tha Jordan end CafbonfaportnOw 

■ml drtrtratT aM eonvhMug labstMocy tart toat hu 


Beport of the Bnreu of BUm* 

Tut aimiuU report uf the United Statu Bureau of 
Hlnee Isanad by tbe director Joseph A. Holinu db- 
UotM s a eurprbliig amount ot useful work aooompUsbed 
and (Imrly Ipdlmtu the Ineetlmablo value tlib bureau 
(onld bt to tbe (.uontry If HuOlclent funds were avail 
able to enable It to carry out the work that b Uurly 

Broadly the llnu ot work of tbe greateat uatlonal 
comern divolvlng on thb buruu ate the ufeguardlug 
ot Ur lives of miners and o{ tbe employeu In the 
metallun.li ul aud mineral industries and the devalup- 
ment of a luun efllilent and less wasteful prepataUoii 
and usi of our nibieral resources and wbUe the latter 
of these b of vast moiRtary loniLm U b Ur former 
that will BpiMail moat etroogly to popular Intenvt Cine 
of tbe flnt dlnctionv In wbkb this work wuh proee 
ented was lu rtlaUon to safely In coal mines and a 
laigt uumlar of details have Inn lDvesU|,it< 1 with 
good results Amuug these art thi studlts Uiat havi 
bun made as to tbi lauaes of explosions und tin Ir pro 
venUoD thi urn of LXplonlv a and eintrlclty lu mines 
vtuUlatlon aud roscUL wiik us well as mai y olbir 
points In tiR mint itstui a rk six mine rest ir sta 
Uuns havi Ism istablbbnl us well as eight restue 
laiR and uir mi tor tiutk nil of whltb have n ndered 
must valuubit aid lu casts of auldeuts and Ihi bureau 
Itself has been dImUy lespuuslble fur tht wvh g of 
a iiumlsr of Hits Out of the most veiuabla uod r>rr 
mancutly nsefil bruuthca if this work has Inn the 
InstruLtlon glvm to miners eid during tbt yisr .HJI 
miners w n Iralnid lu resiu woik end ITWl wi it 
trained in Urst aid motbuds Vt the tnd of thi viar 
241176 nm bad been lintrii tnl alLogttbtr and Ibi ugh 
thill nil luh a knonledgi of iiMUt nirk Is stn > Ung 
rapidly Olher InvcstthaU us looking ti making uilius 


utlllrlig ur inUiiiul res iiiccs ii w iiii mil to niirt 
than flllUUOOU a day and wbiu It is nall/ed tliat 
Ibisi lussts ait liicpliiieablt Uii dtsirsbillly of priiuit 
acUoii Is appaidt Ibat Ibi bun.su is dibig splinUJ 
work In thU dlrottlou Is shown In u single lUm fui by 
tbt ixpeudlturi i f less than |16ilOU u saving ot naluial 
guH bus lisii mudi f not liss than ft UUIUUU or u ni 
Ibun tbi buieiu has tmt slu • It was igaidaed 

A tan fill 1 siliunti li U atea that in ibe lulnlug of 
OOOUUUIlUl Ills r lual lilulug tbt lust lalandmr yiur 
tlun was w isU 1 n whs Ii ft uuil rgr ui d In uumluable 

II uditlou JIXIUOOUOU tuns of toal and It U btUovtd that 
mort than half uf this luns Is prtvtntable Of pttroli urn 
not liHs than | DUX)QUO In valut bi anDually wastid 
by (iisiut nMtbsJs in tbt irdlnary pristss if toklug 
foul f7''OOOUIU Is lust iimuaily ilUM are but Indl 
intloiis of thi wink tlial slii uld be dot t an I tbe dlrct 
tins 111 will b tbi tin m Is employing Itn acUvity 

III I till It an u Jltituil s t utbirs nspilrlug attentlou 
Oin liiU resting study uii li rtalctn by tbe buruau was in 
reguiil to radium nranluiu and vanadium with a view 
ti iltiiloplng mutbods for Uh tbeiiHr exlniitlng uf 
thiM valuabk mitals fr m tbelr oris lutb with a view 
I ) nslutliig tbe pri i an 1 to dtvelop tbe radium Indus 
(ry In this isjuutry und ttop tbt txinrUUou of oar ores 
to fuitlgii luuntrlcs wliirt thiy ure u w Utatod As a 
nsiilt ot tins study wbltb wus umlirtuktu Ui counec 
tlun with tbe MaUunul lladluiu lusUtuli meUmda for 
tbi I xtraiUou aud purlll aUuu uf rndluiu vanadium 
ami uiauluro from taniudti on liavt beeu devised 
Ibi luitbods bavo given saUsfairoiy roeults and ludl 
call radium can be prudU(«d at a much Iowa price 
than that at which It Is sold at puseiiL 

While lu some quartere tbe narrow view la toktn 
that anything tbat aasistB mining or metallurgy In thia 
loontry will be only for tbe advantuge uf some corpora 
tlcma tbe reading of this report Is touvlscliig tbat tht 
field covered by the Uunau ot lltnee Is to tho dlreit 
advantage of every dtlaen of thli tountry no matter 
who may benefit luctdcntally for It la the puhllo that 
pays eventually for every waste, and the tbeapw aud 
more ecoaomlcal productlea can be made in any dlrei 
tloa the Iowa will be tbe price at wbldi tha gouda 
can and must be add and It la betomlng more evident 
every day that no time ahould be lout by the Ooveni 
meat In extending to our mineral IndnatrlM aud mann 
fketurM the aid that la so Ubamlly given to many otlmr 
departmenta that aro oondocUng ralnalde Investlga 
tlona of our reaourcaa. Incidentally U may be remarked 
that the policy o( wUhholdliig aid from the mining 
lutarmta tor tsar It may aarirt Moie corporation H 
likely to be UM «ncMt way to eceate monopoUea, for the 
amall mine owmt eumot afford to develop oamumilcal 
ptooiM that win HiaUe him to oompato with the big 
ooDoania, and if tha Oovammant doea not halp him In 
thia way hU oady naearoa M to tranator Ua veaperty 





The Diary of Kilauea* 

Volcanic Action in Hawaii Being Observed and Recorded 


At Important (ontrlbutlun to Mlontiat knowMg* U (ututmctod Dr JMfM wm nuud ted « te Ob 
tiuit JuMi publlNiiitl 1} I hi Vxiit} (f AH* rhi UuU Hrrvotory ud rollevtd of bia date In Btaton (or tbo 

Into huM luoanlnd tbc iiml of nhtiMiutlL iilwnTitlon pnrpow ot maUns IntontliUtono at tba foteano of 
f vobiiiiw* mill f r tin iiii|xho Iuu cHtilillatied In Kllanea when tho atatloa la loeatod 

ilH llHwallaii iHlnml-^ an ilimnniuiy where with Tbo Initltnte liaa the iMie of a Met el ttet amo 

iiiiMi nil lit nil thill* and i inlpnimt tin faota that on the brink of the crater with the option Of noewal, 

tin iiiilir liHK III iTir an tu be nillii-hd llu work and Ite otatlon Inclwlea llrlns roonta, admlnlatratlon 

owiH It* liilllatlip III Ihi Intermt and nitUlly uf Prof uOlcei ami work rooma while the Whitney Leboeatory 
1 A Inionii iL if till (iiuliiicliul Dcimitmeiit who of Bleamolacp le a baaenent room of oonorete, floored 
I* till dim tor Ilf till Hnwnllau \iiliano CMmirvatory on the eolld ledfe of baealt The tdoee of the Initm 
I In n>|iort uf the Hnwalluii \oliauu Olmerratury la nieut honae la moet ittlkliit belnf on tbo my odfo ot 
n mat i|uarto of *c\inty Hie luin* nell llliMtnted the rim where at tlmea the doode from the crater en 
wlilih itUe* the blatury of thi Imitltutlou and It* work lompoM It Dorlnf nnme of the experinienta It baa 
up III and Including 1U12 luen nceuwarr to eotaUlah a line of OMriatanta who by 







( rater of Holemanman. about Joaaary 4Ua IfU 

In mu the otiMirvatary wa* put on a live year foiin nil* from one to another dlrreted the mnnlimlatton of 
datlon and early In tho year the present liiilldloff wa* tin liwtraDirat* 

—__ _ I lie *torv gtyeii In tho report I* laiwlv a ilay h> 

•Orartmy if iMnat Oantpvtiu (!*} aecount and ralaable for artenttllc porpnses ibe 


roadnet ot the llaty late In tba bottom of (ha entar 
la ehronlded. tba oorillatloBi of thb Ute wltUn tMr 
baalne, the dUtaroBt WnAg of the one 

ot wblob, ‘^lid laKlifnr waa playtta at mtaryaU of 
thirty moonda mndlnfl fiery apray to ooa hantoa tmt 
In bdiht, wlilla the earthqnake ahocki ot orery Uttio 

Eaptenanti w«o mado In flaa^rnwpnrttliiB o( the 
vapor Uouda above the late the flowa of moton lava 
Into llary poola are dooe rlbo d and tba floattna Wand 
Now coMi on the floor ot the irtat oratof art a phe¬ 
nomenon of Interat, the faU ot tha oratar waUa, the 
range ot the Are with reference to Kurtnook at* tra 
turea In an activity that hnowa no it ema tl o H 

Part of the work waa that of Ferret and Bhepard. 
the former the waU known vnlcanoloctwt and the lat 
ter deteUed for the work by the Oamegle iMtl t n th m 
In thla lerlee of obeervatlona a oaUo waa atratebed 
aeriM the lake and from It the thermometan were 
lowerrd Into the lava to aacertalu Ita tempetmtnre It 
wa* a \ri7 dlflknlt perfunnance and one after another 
ot the luetmnienla were loat on account of the heat 
and arid condition of the yaporu, which malted or tor 
mded the wire ropee One record waa obtalnad, how 
rier at ISOO dra Fahr and a moment after the 
wire ropes were melted and the Inatmment loot It 
wa* the thlid pyrometer thna to he destroyed bnt the 
ufasertntlou Is niuoldered to be a good one of the tern 
peratore of Kllanea lava 

One of the striking matters pieaented by thie volnme 
1* a bit of prophecy Dr Jiggar thinka that there 1* 
u rhytbmh eecape of lava whbb baa been fairly well 
tirlhed by the record* of poat empttooa Manna 1 ua 
sbiih is the subject of this predlcticti seems to have 
deersased the duratJpu of Its eruptive periods whlrh 
pievlous tu 1868 were eleven and one half yegl* lisig 
and slnre that date hato tieen five yeara long Tbe 
tluit between those periods when Uie volcano ho* re- 
uisined qnlet baa decreased from live and one half 
Mars to four and three quarters Applying these Ogures 
lo the lest erupUun Dr Jaggar Is looking tat rsnesred 
Hitlvlty In thla voleano In February 19U There Is 
really no ssUsfaotory informstlou on which to predict 
the month but from the usual coodnet ot the voleano 
Kihruary seems the most probable It will be of great 
Inti rvst tu know whether this prediction mede In Rep- 
tenilsr tPU le folly raallaed 


Food for Polar Exploren whom I shall kave on the Weddell Hen and the other tho plateau it u 40 degrees briow atto but in the apring 

IN A ran nt artn h in tbi Aii/y I rUifraph Ismdon of whom I hope to meet on the Rosa Ben at the nonelu- months tho temperature Mis os low as 71 helow at n> 

Mir Imeet Mhaiklitim dm mm* the important question sum of my long maroh Now levoial important loniarierations have tii be 

orfoodsupplieHandtliepniptrdutrorexpkiRniinpolar On this maroh whieh is roughly I WO miles I shall home m mind in w looting food suppbes for nondibons 
nghsiH and ns tliiM an qiustuitu of vital importance havethorompanyoCMr Frank Wild myseound in com- sneb as these The food must be wholesome—it must 
m regions wlun Umpirstim* not far vhorl of W ilegreee msnd who nerved with distnutlon during an extended lie uneontaininated—and nounahing in the hlgbeet de- 

behiw roro are lommon a* the sumsa of sunh ixpedi sledge joumiy dunng the National Antaiitio Fxpedi groe Only by the moat nutritious and (aa tar as pomi- 

Uaim depend* pnmnnlv on the honlth of the ixplonni tion 1601-4 and who was one of tha southern party bin) most vaned food isui ono hope to hold the dread 

tius artirle is quuti d m full and will Iw found of gi m ral of mv last expedition (1M07-0) together with four pieleod (liseose of w urvy at hav Thi re was a time when smir- 

inliriMt partniilarly thi taldns giving tiu Roali of fiuMl mm Oivm favomble aonditiom wo hope to do the ty which M often iimdueed by eating preoirved food 

rations that ho* liein pnpared by Colonel Bevmdgi journey in 90 days but we shall take enough food with m an unwholesomi condition used to be regarded as the 

of ihc Royal Army Medical f ollegf psrtk ularlv for this us to last UO days in case we meet with bbriard* whuh iiu vitabla oomilary of a pnlongrd stay in Prilw reghms 

expedition mmflne us tu uur tent The average duration of a bhr- It has been the Ms blnmhr of more than one heroie 

In provide the brat kind of noonshment undir the nm] is two or three ilays bat a parthmlariy bad storm idfort On the 1907 expedltioa we had not a single 

long and even at thi ir brat *omi what trying conditions has been known to last as long at 17 days Bten there- oase uf senrvy attnbulaUe to the food we hod brought 

of the Polar regums u a matter of consult rable thought fore if wo meet with the want weather eonditions we with us 

and Buxiity m the organisation of euih an oxpedibon as shall hato plenty of supphea to the good In the matter ' Agam food token with ua on our sledging expedb 
ours (sptoin Mniti whose great aehiovcmimt and of temparature* the mean Antaretie winter temperature tHw moat be os light aa posnUe In weight and yet aon- 

tragi death an i vtr fre*h m mind gave the matter bis is always below sen In summer it u about —28 On tradietory as this may seem on the foes of it it must be 

most ran ful nmslderalioD But I belu ve this i* the first 
ocnasMin when I’Dlor cxplonrs will liave the benefit not 
only uf pmetuol expeneme but of soientiflo oxpmi- 
mi nls and b st* whic h should i rove of very great ad¬ 
vantage in tbc loimiig iffort 

1 hi sledging distaiK c to lie oovored will ho roughly 

I SIX) mile* and the first half of this from the Weddell 
Sea to the Pidt will be over unknown groond EveW 
sb p will hi an advanee in gu giaphical seieiine It will 
he j*«nud win I he T the great V11 tons rhamuf mountains 
wbii h ho* liec II line ed from Roos Sea to the Pole, extends 
across the lonlment aud thus links up (exnpt for the 
ocewn bteak) with Ihe \ades of booth Amenea and 
will I her I lie gnat plaliau^^und the Pole dips gradually 

II the Weddell Hss ( nwhiuoiu magnoUi obMrvatuma 
sill In takeuwn the jouite The rouu will b«d to the 
Vague 111) Fble and the ih brminatioo of the dip of the 
inngiii u noodle will he of importanon m piaotieal mtgne- 
ii*m The metaorological eonditions will be carefully 
nob*! and this should help to solve many of our wenthw 
pmldimh Ihi gUtmlugist and gmhigisl will itudv mr 
fiirnuitioiiH and the natoiu of the mountain* and his 
njMirt should {Move of great smenbfla intotert Thu 
apart fmn the mlentifie work of the hose parte, mm 
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■ubatuitlal Ej(i«Mav« roncsntration not only dtmin- 
ishw itii nutnUve 'snlue almuit to ml but rondtn It 1 «m 
easy of aMimilntum Bulk w m (mwDlud u nutntiw 
vnluo In very low t) mpi tnlurra the lumt of tiu bn<l> 
which u the life of the body < on be nuunUtned only by 
UM of fatty and tannmwuR foodM in sui h liberal quanti 
Uee ao < ui umstanoea allow 1 hen again eledging food 
auppliea muat not requin miith cooking Something 
that can be heated oaaily and quieUv in the di mdelatum 
for the amount of fiul tlut can bi carriid ii ntniUy 
limited and if it runa out there are no meaiu of replen- 
Mliliig It Faibng the nuaiw of litating the food it must 
be of a ohaiactir that can be oaten without cooking at 
all In winter quartm at the baic lampe- a great 
variety of fond la poaaible 

' On oar dodgliig ymmov to whic h 1 havo already 
refemd our rmtioiu will bo W ouiuh* per man per day 
oontaimng 11612 calonea In normal bfe an ordinary 
man eaU about 3 pounda of food a day < ontaming aome 
2 500 eaionea ao that we ahall have tbo benefit undev 
Mar eondltMu of aome 5000 talonea per man 

Here ace the ilodging ratuma in total we are talong 
with na, ealeolated to loat few 20 men for 100 dajw i^r 


Wd (pm) 

Hogar (grottiid oentnfngal) 
»(loaf) 


Birndta (Anlantle, H and F) 

Nut food (6 « 


Oaflibea aalt Qapaehata eonlalatog 076 ounee) 16 

llMaskiWidnSwBaeenbta) W 

^ 52 

iMhI 4.663 

“tta *Ma (6 It H bewi paoked m oblong boaea ^ 
60 Q WlB ii aa iih (dUopg baoauae It la *i*J**^ 
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the nature of moat in in nkiiin which conu in u-wful fur 
feeding the dogn altluiugh if nMeaxary wt nhall cat the 
nkinn oiuwlvca 1 hope it won I bo' Thent ntionii are 
going out in a rcfngcrabir and will remain in nfrigira 
lion until tbev arnve at their (flral) deetmalioa m tIu 
land erf the boiitbim (nwa Vmung the articles men 
boned in the table a givejt bnrowith the him ]iii e boa 
boon luneentrated down at a temperature of not more 
flutn <Ki dew fahr m> that the anti lenrbutii proiarties 
are. thereby preserved (llidim la a vegetable preiteirl 
while Trunulk luw thia advantage over onliiian dne el 
milk that it hae not In in aiibjeeb I to a heat ao greut 
that the Yilamince are thenby diairoMii 

It will be aexn that wo an to have a total of II ’'S 
ouneew feir Ivreakfaxl Whde m Norway rt«inll> we 
founel that wu could not eat two-lhireU erf that for our 
matubnal meal and I fancy thege are few men in 1 iig 
laud even amemg the laboriDg claeaoa who arc. aub- 
joeted tci atraiuoua work who eould manage aa mueh 
for the muming meal 

Our only itamulant will be tea Wo elutll have a 
amoll qnanbty of brandy with ue but only for medic inal 
uae in emergenov It often happe na that ui up lifting 
the anna to fix tbn tent for aleap tbo blood niHhew from 
thebandi and the fingiinbenomelnatantanisiincl} froat 
bitten A man la then quite kora da tombnl bul a drop 
of brandy will help to giv* » 611ip to tho Uoud in the 
affeeted parta 

Id the ordinary way laeakfast is taken at f A M 
luuobeon at aocm and supper at 6 P M But to aohii ve 
the objert of our sludging journey we I mean myaelf 
Wild and our four oomradea pnepose to spbt up the 
54 boon Into a le houn day lhat will give ua8 houne 
marehmg, 8 hoars sleep and 5 huuri for the propane 
tM» ud taking of meals As far as poHible our dava 
and ‘mghto srUl be arbitranly fixed m Una fashion bul 
ovr ipeed aeessMiUy depends upcm a variety of curt urn 
staaoM 

"Our last supply of fresh meat and vi goUblat will Im 
mhm on beard at the Falklaada It may be pcMsibb> 
to eany enough to last ua a fortnight After that we 
■h«n taka to our spcmal supirfies 

"We aiw also taking some sol and seeds and hope to 
grow pat» maU quantity of oata. barlsy. rape, mustard 


and eras and peas As the gm n ahoeila oomo up tbgy 
will bo out and made into aandwichese Bo may ho aMe 
to take a few of theae sandwiches with us fur a very 
hpioial tmt on uur I HOO-mib tramp 
1 ho valiuvblo tahlesi of the aludging ratmns worked out 
by ( ubinel Be vortdge are, ai fullowi 
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The Largeat Centnftagal Pump 

M liras iiigliiMrliig iiitiarlma arc wlieiivcr |asi 
Kll b I II III te I III II glgniittc SI ale f ir it lias hi<en 
f mil hill 111 III busliiiNN that ibilng things by whole 
Hull IhiImiiici thiiii niell mitboibe A rei ent uiso Ulus 
tmlluk this iMiuiieel In New Orltaiw where very large 
iliiHiitltlcie Ilf water hiiil to be bandleel In drulnnga 
u Ilk unit to inul (he nsinlruncnta fonr Imminao 
iiiililfiiaal piiiD)>s were ordered whieb arc said to bo 
the )an,(Nt 11 the It kind In the world 

I he sc hli, lumps haie a delivery nisnlng of Tfi 
ImhiH illaniptir and m cnpnbic of ilillverlng IfiXfidO 
call ns f wiitir per minute at a one foot bead whkh 
Ik I iual lev the flow of a good sired stream JPhe heed 
cf watei wIM vaij under diirennt working eonillUona 
fiian cue to thirtion feet and at thla latter differanee 
of level OOOOO gallons per minute ean bo handled but 
the iniiups are rcipilrcd to turn up much (aster than 
at low lifts for whereas tbev do their work at 86 rero- 
Inllnns per minute vvhrn the heal Is but one focit. It 
nsiulnse lit nvilutlvns to move the stated amount at 
the 11 (Nit head This hm vir la bv no means ex 
icsslve and the imnpH will lie verj rconoraleallv nper 
ate d I j bordl n, Lorllss eooi) auid c indenslng onginra 

neslilcH these nionsters there will he a fifth pump tn 
tl 1 outfit whleh has an ontlel of 4ie In he« and a eapui^ 
itv of 47100 iiRlIimB isr mtnnte at Knot brad aa 
ngitnat IMOOU gallons at the ecrnspondlng lift by Its 
big hmihim Ibiac lumps nre I ullt ly tlH Hrath 
wnik liiiuidr} uni MHililiir ( m|niv of PbllndiIphla 

A pie I lire of one of the big 7H-liiih pum|M aa It H|i- 
laaied In the initlni, shnpa of Its hiilldirH la shown In 
the eniir llliiKlmtl i of this IsHiie and aome Impnsi 
slun of IIk nniiHiinl jirniHirtli ns i an Is obtained bv i om 
I«rlMcii with thi llkurr of the mmi who staiiela hi tho 
(Ullit nianlng 

As H iiintraHt In thesw huae iii meters a small high 
[iisiNiin thie<>-Ntsgi tnrliliM |Himii I y the s ime makene 
is nlsu lUiuitrnlrel and thiH Is n little giant In Its own 
WHV rhe (nllit of tlila MnnIl i iinip la hnt fl iiiebrn In 
illanHlir I iil when miiiiliik nt 1400 revolutions tt dr 
livers TTO gnlluis of water iier nilnnte nnder a head of 
Irf) pnnnilH nlib li Is ilalmcsl tn iNi the highest batd at 
taliieel by nii> ] niiii of Its kind vit built In this countiy 



Hw UttU gtant high-prwa n re pump. 
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Maps and Map Making* 

An Historical Review of the Development of Rie Art of Topography 

By Sir Thomas H. Hokhch 


A HA\ Mir often i oMietweH tte Inutlnat of rodlmentarj 
mail maklDK that la to Bay he baa the fundamental 
InHtlntt In him which ctrlaln anlmalH (I might any all 
wild niilmnlH) have for direction I remember onoe 
HoaiLhliiR for an old and dlaonecl aalt cave on the Per 
Nliiii I mat whlih waH nald to be Inhabited by derUa and 
itliir implcnaant InhahltantR nnd which poBa e ea e d ex 
trurrdlunrv nihterranean accnory of Rreat wonder nnd 
iNHiih It waa a very hot and n eery weary quw>t 
We Nh mid 1 think have abandoned the aeatcb amooii 
tlie low hlllH whkh crowded down to the ahore line but 
that we clwerved a rahRed and aeantlly clothed Indl 
Tlilual hlttlOR In aolltndo on the nbore with a anaploloaa 
liimi) f HoniethlnR liefore him which be waB Roardlng 
can fully Ihc pm liBcd eye of mr mmiianlon obaerved 
a natlM raft on the blue horlxoii which he riRhtly 
conjectiiieil li )< enRiked 111 llilqit aalt tralBc and wo 
nl once fciiiil a nay out of our tronUe Ihe man on 
the Khon c iilcl mieak no Bcrt f dialect that dtfacr of na 
kill w and wi could only point helpleaaly to the lump of 
Halt and to the hlllii and Inainuate by meana of certain 
coina Hint nc were not there to Interftre with him we 
iiilvnanbdl hco win re Hi il Milt came from So with 
Ids llnRcrH li Inw a innp n the aand and he did It m 
well that half an hinrH iUnitInR led ns Into Iht nar 

I w mouth (f the cacc and we wiw there what I hi Hove 

II Ilirr 1 uniieHii hid i\ir wen 

I la iMiliit of the Htoiy lies In tin file t that prec laoly 
the saaii sMiiballsm the alphabet of laaivmaklny. came 
iia iiatilially U llii hniid cf Hint siiiiu.Rkr as It hiB to 
the band of all mapuinkirH rIikc Ihc days of Ptnlimy 
HU non Ihi iiry larlleat mapH I nhleli thcic 1h any 
nssinl ail tliow of Clan Huh ttcIcmiiiB whiili nets 
made Blent 1«Mi I'd \ D hnt Hii caillist otlcsiif 
thim I which no can nfir did not cxlict 1111 hI id the 
year Hdd thirteen csnturlPB after they nert ncliuilly 
c oil lied 

nut then ncii other mipa dnrliii. Ha IhliUsn cm 
liirlis which clH|Md liclnccn the miiklnR oiid the pnh 
llshliia fit liniyN niiipa and muic it them an n 
nnirkiillv Inti nwHiiy, st Jcrmni m transIntUii cf Ha 
iiecknirk (hiiiiinBtkon V !• iss cliala nllli lllb 
Ileal (onntiiis A famoua map of the worlil was oiii 
lllisl h) a Spniilsh ni ink St Ilentiu In A II 7T6 Ihla 
makes the iiiiHi H<]nun iilniita the (larch n of Fdcii at 
llii t p of Ha map (nhl h Ib the mstiin side if It) 
nlth fie anil Hu M r|ient In orthodox ritathnsbip fhe 
licit liiilirtniit map Ik Ihe Cotten or AuRliSnx ii 
map cf thi III rid dallny, from about the end f the 
li nth o ntuiy tine Itrusniora la no longir Ihe <\utc r 
iiiiil laprolmua or ( eyi in la at tlic ti p A map iliiUnR 
from 1J(XI aRaln plana JcniKRlcm In the nliter hut 
froui Hu ( link II of I ten at the to|i there flow ont tin 
rtiim the (111111.1 h lilni, InLladecl rhia la a diminutive 
mnp doMlai e I to llliuttmte a psalter but m ni Is found 
In it f I H Ricul inrlety of homan monatiinlHea aurh 
RB RU onimoii to ill niedUevnI miipa Ibcae remark 
nliU I11 mil I h to midlnivnl niappluR are realli Intireat 
Ilk IS lidliiiH ns r the mitiin of Ihe 1 tbii iRniphIcnl 
ki nl Ik r III Him It Is ipille pmlnlih Mill they 
ip| iisciit III pniiillli k IdciiH c r the cslnciilccl I 1 of 
He 1 rl stii lass iikaidliik llic. stniiiRi lliink world 

III 1 I Hiiir immi llili km Alamt tin venr 1 mi amt 
r I II I Inn lidii Hull WHS n p iiiliii hist 11 In Fnk 
Il 1 will! Ill I ni Ilk III (litslir cnlled Ihe Poly 

III I I I ml III II Hail in two maps cotninleil In 
llii iiiiiciitl mil Hlile f Ha diiy full of Ulhlliul legcnda 
HI I t I idnr mytba 

( HiilisI with raiicti liif miathin of ethiinloklcal In 
If rest ah id nii 11 with 1111 111 nr with hairy bodlea we 
llnd Ihcsce milous fi ta Htatisl fi r thi enliRhUument of 
IHMlirlti He rmaiiv It Ih hhUI tiaa a Rieater ixqmlatlon 
thau It la able to fessi while Ireland la both larger and 
wider than CnRland It setka liberty but thtrki imiA 
One of tbn IntcBt of thi. media vat mannacrlpt map« In 
tbc Hrltlsh MuHiiini Is a copy of a map compiled In 
Ida) bv Ki I Mann Iik RiH«tapliy aaja Ifr Vllllein 

ahows an ImiiiiiiHc Impiuvemiiit on the Inat map of 
11V) I UIHH NIiir c sirs tally gcaal 

Of the c nil s( piliiti 1 nuiM Jiiat iim» or two reqalre 
n abort nfiuiioa fhi n (a'm map known an the 

(uan map ■ oinplled bc>foni 1464 whkh la printed 
from a copperplate by Cardinal Nkolai of Khmui 
wMch won the ebtei map of Ita time and a nuip of the 
world In the Insularlnra llluatcntniu of Henrhw Mar 
ktiia (Icrmanaa 1^ to be noted aa the tint HliowInR 
PciHiiRiiiMe dinniverleti At thia point la map lilotoiy 

* Rilr ta }rnm lamcnial Rddiw 1 r< ra th« Royal Maty 
of Alta 


isHumenuL tha lint ntdimenti of moden imrtagnphy A 
Dutch printed map by JdmiiiMi Rayaidi Snt n pr em nii 
India ax a peolnniU That waa Ih IMT, and It M 
latva the gndiial pregt e ea ef gaagn^Sea) kwnriodsh 
The Waldeeemoller map el about the leaM &ite latio- 
dncee the New World and farther deflace Pnrteipeee tbh 
coreriee and yet esotber Datch map (to the Dateh 
mar claim to be p l o ae ere la thk braadi of the ait o( 
printing) naaally known aa Jan StrenaeBa mais 
which andoobtedly la moeh Indabted to tta W a l d iea 
muller map to Ita material, ta quite a good eaaaiide oC 
c«rly topograiAlcal art Tha monatalaa now aaanma 
tha appearaoce of Unaa of hayoocka, and tba tnaa ladW 
eating fonota are all of the ptaated Noah*a Ark variety 
Strange betete, Indadlng on enormooc elephant, atny 
over the conUnenta and menitoi of tit* dtap Indloata 
the perlla of the lea HicBreforward tba gtadaal evo¬ 
lution of the printed map pa mad Into the banda of Itak 
laiia who took a mneii etrooger lead In gMsnvhleal 
llluitratloo than In geegraphleal diaeovary (toaid 
Mtrcatnr at the end of tha ilxteenth euitiuy waa tba 
Ricet map maker of hli day and bis projection (not¬ 
able perhapo, to Ite idmpllcity) la In nao at the praaent 
lime Moreator Rlvaa aa by far the hoet map of Itelaiid 
i(t produced 

It Ib to be regretted that the greatmt leoBnipbers of 
the Diedkeval agei (the Araba) have left ao Uttta la tha 
khape of cartographical ilinitratlan behind thmn 

I hi re la DO doobt a (eatare eommoa to all these old- 
wnrld maiM which cannot be admitted now bat the old 
world endeavor to nnite ethnagraphlcal knowledge to 
that of more praaak geography la no looger ronalderad 
Hlmlaalblc In fact. It ta the extraordinary wealth of 
an luflnlle variety of InfomaUoD reoveyed by legend 
an I bv pick rial illuatratton whkh tendcra the old tom 

r null plug HU Intoeatlng and ao conforing There are 
III Iced certain detalla which may lie ecmnlilerad aa hla 
(ortcally am fnl He If am acanethlng of what oar fore 
falliers knew olmitt the world they lived In We lenm 
what their ablpplng waa like even If we uumot admit 
Hieir Bcabom mnnatnMitka We have found that In 
B me cic tallH of Rcographlcal Informatlnn they poaa eaa ed 
a knowicsike of facta whkh havi hem dlacarded alnce 
thilr time only to la* revived again aa coirert In mod 
c m clays aa for laBtance In the cane of the Nile aoaroea 
Old the raiaiiitaliin of < cntral Africa. 

Hllh till Rmclnal cyolntton of a Hyntem of cortog 
riiiihy whkh nliuitil llnit of all cllvide land apacea from 
water by nutltnliig Ibi ccmtlnmla and lalanda of tho 
,.1 Ic unci Hiereeftei aeparate mouiitalii aystema from 
plaliM uud aecuru aumc repieMnUUon of the bydrog 
ntiihy of Hie earth by dcUneatliig the conno of a greet 
ilycn then aroac tbc Imperative neeeaalty to a form 
of piojectloii erf tiu map the cteilnltlan of parallda of 
latitude and merldlann of Inugitnde by meana of which 
the true niatloimhip of Bq«rate oieaa of the earth 
1 iilcl be (oinstly maintaliiid Obvloualy thin uecmal 
talc cl can fnl lataaurement of the tartha anrfnce la 
mclci to (Utennlm Ibc flRurc and to eatabllah lawn and 
finniilii whmbv ibise porallilM and merldlaiw cuold 
la laid clown nccuratelv prcvloua to the iDtrodoi tiun of 
to|HiRia|iliv ibiw uiinc tho aclURO of gcodeay or 
cailb ineuHunmtiit 

II laiiunt he tcio stmiiglv inalMed ou that all anujul 
iiiH|i ui ikInR aiiiBl ho linacct cm aonnil jpodetlo meaaare- 
im III III Hu Urst Instance To put It abovtiy Trbuigu 
latliui which I* Hu caihome of goadeay is called npoB 
to supply tbk frameworit or ik e l at o a onto which tha 
liqKiRiaph or the body of the auip baa to be llUed Tlila 
frame work la furnlabed with a prelected graUeala aya 
Icm (I e. with Hnea of laUtade and longltade eomrtly 
ckfliied) ao that the idctare or plan of the omintry la 
•ineatloD can be carefnlly odjoatad by means of tha 
IMintH flxed by the trIangalatloB which are of ooUM, 
commiBi to both the geodetic projectlen and tha tapo- 
kraiihlcal map This adjmdment Is the work of the 
laitokraphcr HometlBies, as in India, the eartofiapher 
nud Hu aciiul topographical aarveyor in the Ocid an 
I IH uiui tbi name pemoo Bometlawa aa In Bnaala, « 
hiRhiv pnuthvd cartographlctl artist la empteyad M 
take the fleld Aeata frm the band of the topmaUtar 
aiul tranalata them to tha Mabad map witt)^ 
ereoce to the sarvoyor at oS H Is tUs latter rndhad, 
doubileM which prodarm to amt ortMIe pMMi, bs« 
It shooM be remembered that htoffsphy h itetonttr itt, 
art imt a twofoM art Thera la to dgtlam)ldh niC <d( 
tranalatlbg the fleld map tn to dual abort to paHh 
catkm andtoralatoattehlpraaUjtfvntoatool 
rapnaaotliig Natore en to tod map flfl to hatoOp 


exiata. parted to tepagtapkartoaoMOWto tot 
of to polatar abd to angnver 
1 Dead hardly gay ttttt wbtti 1 trtk «( grtkias anp 
plataim tom Itotttia I •« taUdng of to ptatotabk 
matod of maklBv tom. It la to to Wodma oUeh 
tally daasrvm to appadgita «( vt, and to hatoy 
aad odvaatafo of thli aratoi of iaa|^hMl(taip M tot It 
appmlatotoldghaataitWlotnattaeta. Idonobrnmn 
that an tnaittgtle efleit indy ha Miflaants «r mgigah 
If acennoy la oar objaet, toi no p r o d am i to l to 
tographer hoprovor gUtad with ortlatls htiagifla ttoo and 
dtatoman’a skill, oan taka to pinm of to amn who 
aem and knows, into whom oym to pMnra of groat 
woridsmaom has antato dhtetnata^, gUti of 
iwagtoatlon oomblaad with dntoBgah akfll ofto 
make very pretty abowlng axporianm will tobli a 
(davar eaitogiephar, a dnflmaan who has never been 
in to iWd. to tosmeiat even oompUeated topogietfekel 
totnim of OB Imaglnaiy ohanotao with a skin ato 
that even an experlenead earvoyor oan hardly datael 
to Urn In It, and m it comm about tot it a amp tt to 
bo jttdged hy Us aeentacy and falthfatnam to Natuo, 
apart from aittatte aOoot, it ia very ottan to mmt 
nnattractlve inapo tot am to hart. Fleam rammber 
thta, and rcoaember also tot to prooeowa of rmuodoo 
tkm vary Inllnltely, and tot whan yen look at a really 
bmatifnl prodnctlon toll of harmoirioaa Hght and 
ahade and deUcata Indlmtiene of gnoofal featnrm 
where effect leqnlim tbooh and exclaim «What a lovely 
mapi you may bo mar^ tho Innocoot victim of a 
akllfnl cartographer who baa been beekad np and per 
fectad by a flnt-rata pnbUOber 
It la InterertlBg to olioorvo the slow hot giadnol do- 
yriopment of the art of topoRTaphy Ikom to earllmt 
mupn until now Tho alphabot of tho prott m has ro- 
mnlned much the name Monntalin and plalnii, rlvore 
nnd coaat linen hare been tbnplllled end petftetad oo Os 
to prodnoo the moot rmdahle map hot the alphabet haa 
not fnndamentaUy altafed It ta In to matter of teUef 
chiefly that tba ohonga ta notiaeaUe The mritart at 
timpta at depleting nmantalns by ptcterUI elevation 
have given place to plan The Uttta groapa at centaal 
excrenrencm like banda of haycMlok ware by no mmaa 
unlnteUlglbio tboogb pniely conrentlona] Ihdeed, It 
may be doubted whether to anno IntoUifinom they are 
not PTm now a more effeettve lUnat r atton of hUly ooua 
try ton oor lotem and moat odentlfle lystam of eem 
tooriog Batwaen to two we may And every variety 
of method employed whkdi can prodnoe the effert re¬ 
quired In targe leata mapa dee^eg with eomporetlTeiy 
amall areas and Involving no great dlflaieatlatloa to 
altltnde It has long been deolded tot to only aden 
tlBc method ot daploting to ooantry Is by Unm of con 
loan (1 e Une of equal tavel) at deflnUe vmUml 
Intervals It andoobte^ has Ita drawtwdu Thera 
may sveo be a dlfllcnlty beie and torn In to dtatiie- 
gntahlng between on elevatloa or a deprarnkm nnlom 
the valne itf to eantouie above to datam an dia- 
Uortly itoted In flgnrea Bat U to beyond dlqiate that 
for all fflllltaiy or flacel pnrpoam to rmtound map ta 

lUfllculUGa aitoa when the etovutlong on to fOcn of 
to map rise from to statim of hfiia to tot of aMun 
UtoM, and with to gradual otoapenlng of rtopm to 
dellneettoa of contonia goto doaar knd idosar natll It ta 
Iffliwmlblo to IntrodiMO tom 00 omaU oealf maps wUh- 
(Wt overlap and oanfartoa. Wa appUm to to aaafly 
farnu of teomphleal maps turn to omto of eqo |pib 
to to mUa downward, whap It eeCatly h^pme thflT 
aoiae more artlfkdfll and tam nonvegtlwial laatod af 
lilertiatlag tMntotoa In pinn la naeomuy ll%t tm- 
oalty ta mm^ B»tt.by "hartntog;’* tot tt tossy, to 
totndmflagbRitetnaitadatagflttttaoirttantoflga, tg^ 
flbandaatqg rtfom^T tostlml htttrval U to tow 
mat to arttot gtoga tou ‘ > 

Tha weatosi Jto to tot ptoita ef ptomom wU* 
la to bflmq tottotiag gPHMpgklto Bm to «to 
totawm oloonbtoKwi'imihwito (dA Utovie ig> 
immittoftWp rto itoeftofltofrtWngtoMtoll^ 
Med to* toflA tto Btttoni MrigM 

mattery toM IttM 

att to nM»i^ 




«• tout ^ tm gMKTtPliteal. i e, wUe 

■MW tepMoA tSfiOKnvkMUjr on muill kmIm within 
ttw rtUd UM ot n nMHeted duet, Uum. Tariatluoii lu 
4iin)t^ ot msatautr bednau Air innn pronounoed ud 
nm »eportant No one tat the compUer (who keopH 
lilt neord) oan potdUy wjr vlut b tbe eix t \alnp nf 
wr tat p«rtkiO o< tht map, bow tar it lx to be trusted 
in lha bwia«a ot oondaotfiif nlUtary lUTalrt oi the 
mt w matVw i i anaagOBMiit ct boandarx Npttlptnenbi 

^SBtrtlMllef Ip tbe aconraor of a printed map torn 
pdaOta baa Cgandend Bian> a high political pm 
gnuana etta when tbe geomphleai foatam which 
mar tarn tbe haala for a tnatr ha\e already been cor 
netir Aom aa tber exbtnl at the tiiuc the map wax 
uad^ The face at tbe earth tbaniiLB and Iwallr 
(baagea rttf taat 

Wo need to tfaborate thin propLnaltr of our larth 
wortd to efaaniti ite Aieo or of Ita mon primitive In 
batritanta to dmoae their baliltatlona ami (all ihun per 
petpallr bj new lumea I onlj nfir to It ax a mutlou 
to map etttea. 

1 ban Rid a word 0I two IndhatiuK that tlx. gift of 
Ima gI natlOB mmrt atill hate lb plate In map maUng 
TUa mar rnmnd almoxt Immoral althimieh It h hot a 
page tran paat rccoidx, and vi 11 hB\e lonif to the con 
rlmdon that 11 tbe pnblU lx axhed to czeirlxt^ Imaglna 
tton In reading the map tlx. maii-inakrr mnxt amt tbe 
pttldlo ball war It la still, of counie In (be domain of 


gtHiginpliIca! mapping wbere the (onfarmaUoii of (he 
fcioiiiid U iMrtlr wtll known partly lndliriuyutl> 
known that IniaglnatlQD most here and there he (ailed 
u|xiii to anpplemint aetnal knowledge If tb uiui*- 
iDuktr wort to (.oolloc himxelf to alwoluhlv wliat be 
kt[(w lu be true In Ihi. doUneatlun of mountain (Ud 
t ilh} or of rough dixen ateaa wherelu iio living crea 
Inn mu((d ho wunld atmply laa«e large whito blanks 
III Ills uiap nhieh might In tbematlvex tie uioxt mix 
leading 

It usi d to be the fiiKblun to leave sneb blanks bnt In 
uiv opliilun It lx better h> lutroduee mmintalnx or ilix 
trlx whire (bet arc known to exlat to Imllcnti. all llmt 
can bo aen from a dlstenee than (o make no xigu at nil 
IIh |«rt of Ihi map which lx nujectoml xhouhl of 
coiiixe be cartfulh faMllcatid but thete lx ilnubtliiw a 
Uudrner on the part of onIbuHlaalic exidortni to loii 
xldor mnch of Uicao coiijectuiea ax c«iialnt\ aiul to 
make no xpedPe dlxtlixllona between what (lii\ know 
iind nhal they think thiv know In Ihlx wav II often 
liapiHiiH thit Mucceedlng exploreix In the name region 
iir* apt (0 cmiihmu the work of (heir predemHmirx fmm 
w lilt of knowledge of the oxnet nnlnru of the lUfforcnt 
lixrix of that work 

I may iw> Juxt a word here about map crttlilxm It 
N II must comiiion thing for even Intelligent tracelera 
inihxliig oiir II (xxiiilri with n miip In Ihilr hnndx to 
niKiii tliat die} fmiiid the map all wrong ^on In tbe 


ciixc nf (\|x(llll(ins Into ixirtlalh known IhihIh It la only 
tlx. (\|Kil who (un xa} winthii tin crlthlxm lx a Jnxt 
uiii 111 nut It niiht inxiH It Is nut fui the simple na 
HUH tlixt uidlunr} UaiclirH huM no nietiiiH uf Idintlf} 
Ing thill poaltloii nuil do nut know ixaetli whin thc\ 
xIhihI nlille aa regaiilx place uuuicn allbough the} 
iiiHi NUCLoed In Idcutlfiliig Iho ihmUIuu iiamid tlipi are 
III I 111 luinv if mitlii gulilix and liitenircterx tor thilr 
(wii luformatloQ 

llure la 0111 mattir about wblih oxlxita dlxagric 
nil It ur ksx and It lx one un whJeb I tbink ibe public 
iiikht will espreas an opinion U Is tlx fasblun now to 
Indlinti auciQMHlvc piniiis of iliiation In flat Hut and 
llii iidiiiarv appUcntliii it lolor for that pni|x»e lx in 
sliHilis of grixu for (In lower ilciathHix rising Into 
liriiwii whlih dceiimx with tbe allltnib So well known 
Is Ihlx xistem that I Iblnl It nmy lx lonxldiiiil In bn\c 
iMlnlillHliid n fiilr clnlm In iKrmHiiime hu fxr ax Iliit 
Ish mailt, lit cominuxl Poi mv own imrt I (an 
Imiiglni nollilii}, bcttir fi i oiillmirt tuiiliif, iniipx Hut 
dlflliiilli arl>et. wbiii Ihi nlllliiilix an giiul rising to 
niiiiii ihousandt. if fist ax In niounlulhiniM ngloiiH 
llcii 11 lx nilmlllid that no mu untviiHal H}xtLm of 
coloi iirlnflng lx satlefaclori Ihlx lx not an unlmiatr 
tiiiil uuiltir fir It lUicctli nOTisIs g(sigia|ilil(iil ediicn 
lion whlih now Is ho Inrgcli awlstcd In xchonlx In wall 
nmiai In Hu ilTixHie pnixinitloii of Hum wi want 
(III opinion of luith Itnclien and of artlxU 


Astronomy in the Arctic* 

Some of the Duties and Hardships of Observers in tlie Fri^fid North 

By Russell W Porter 


HoMk twentjr yearn ago It wax tlx foituni of tlx 
wriltei -or mlxfortane, ratbir—to hacoine InixulaUsI 
with the vlrua of that atramta ‘waudor liiat known aa 
tbe 'Antic fever" Blnro that time ho has taken ton 
MOngaa above the circle The following notex ixi the 
part of bla labora bearing oo the axtronnmical protilenix 
arialng In the extrame Niuth way bo uf Interext to 
amateur ohaerven wbo bave never strayed xo far aOcld 

Tbe dttdM of tbe astroiuHuer of a polar stpedltlon 
arc tbe dctarmlnatlona of the latitnde and limgltade of 
the winter duarteoi and Ureenwrlih time Ihecc arc 
otbrr BcUrittaa, aoch as Uk mapping of any uiw lands 
ofaaervaOoia In oonMotton with magnetic, work etc 
but tta Atatmentlaiiad are Uia most Important, partkn- 
larly a knowrledfa of tbo Greenwich tlmo—tor, aa we aU 
know, the meridlana of kwgltode oemvarfo at the Foie 
to a puliit, and tbe longltode la tbe dUreroDoo between 
local and Groenwldi time Therefore It la quite noeea 
aaty that a peraon traveling toward the Pole over a 
shifting aea of loe ahonld know upon wbat meridian be 
la Joameylna. and that on bla return from the Pole he 
xbuuld know npon wklib of thr meridians he la deecend 
tng. In order to arrive xafoly at bla bane of nnpidlcB 
Tbe nompaas due to Ita weak korliontHl component 
la too nnrellablo a gntde 

Tbe Ureenwhh time lx tnumported from ilvlllaatlon 
to tbe winter qniutem by means of ebronometen on 
the fUp. Were tbelr rate at gnln or lorn uniform this 
nietlMd would be snfflclent Unt tbe itaoik of the ship 
In foirlng a passage through tbe Ice is tery great and 
Ibe clocks ebango tbelr ntas, so tbst, arriving at win 
ter quartera after a summer'a buttering thnmgb tee 
Bomi, a knowMga at Urn time at (.rccnwlih lx very pooi 
and bat to ba depmidod on So recourae bi had to otbei 
and alwditte matboda—eltber by occultsUona of stars by 
the ibaeii. or moou star culmlnatUms Prom cither at 
tb«e ebsefTatloM tbe canter of tbe moon la determined 
la right aacenaloii at a ontata InsUnt of local time 
gad aaterlng aa almanac and flwUng what the Green 
aid tbM la whaa tbe awon bw this right ascension 
aod bt ywog the dUforenco between these two times 
tbk lORltada to At once obtalacd The degree of ac- 


mi Ills of n Hiiuiidcr im the wall of the utixorvutory A 
iiillmiHtlug pli r n fi w feet north of tin Uaiialt aoivi d 
fix (hi north mcildlnn matk while a xlgnal made of 
St 1 oral tilxcnlt ttnx one on another plai cd on a glacier 
u few mllex away, nerved as s south merldlno mark 
lly hwlnglng tbe iDxtrnmcnt out of thi meridian and 
sightlug tbroogb a bole In the wall the magni tomcti r 
of the wagnetlr ohservatory some thonaand feet awav 
I (Mild bo seen and thus all muguctli dccllnatlous re 
fined to tbo prbmiy nuridlan 

rhe writer xpent many long hours tn the ohmrvatoiv 
Himugh the winter lilght wttb bix ovo to Hie tilcsiuix 
watching the tiny xtar dUkx posatog ncroxx tbe sivin 
vtiHcal threads of the retlmlc Pnxixril In heavy furs 
with one bund bare to record the time Intervals he was 
obliged to sit motlonlesa for sometimes two nr three 
houra at tomperaturcs ranging fnmi 10 degreen to OO 
digrecx below aero with no artinrtol bent and tbe bit 
lei wind passing freely throogh tbe building At tlmix 
tbe room would lUddetUy 1111 with a tug xo thick nx 
to roiulre an Immediate oenxntlon of work Often the 
(lU In tbe lllufflInaUiig lamp bardened lo tbi lonsistiney 
of slush and tbe lamp refused to burn Tiny Ire par 
lilies of hoar host were very bothcrxomi xilUlng mi 
tlie pivots of the transit aud throwing the hurlrontal 
axis out of level There was no running around tbe 
lilock Mtampbig the feit. or xyrlnglng tlie nrms to 
restore clrculaUon—Just a steady nene-nuklng watch 

Tlmxc observing at the magnetic hut fared no better 
IJirc the vagaries of the needle were wntebed and 
imordid ivcry two minutes over sti unbnikcn Interval 
Ilf nearly two yean 

Phe peculiar londlHimx surrounding the pole present 
irtliei ohxtades Thi xim n ver innunting high In the 
lienvinx Is wink in octinli rajx bcnei ihe pbotog 
raiihir has hix troubles In using an artindal hnrlron 
with It Bcatsiit the amsll angle of tnelduicr prevents 
the whole disk of the xup from being ohserved In fket 
tbo small transit liixtrument lx altogether preferable 
to the sextant In polar work Tboae made espectolly 
for the /toller polar expedition wrere bnt little heavier 
than the sextant and merinry basin and far more 


tafocy id IrtmA to pot great, hot It muit be remembered 
(toll 4 dUffkg dC toBfttDda near tiw pda Is a veiy much 
atoaltor Oma at the equator, ao that, for prio 

tida pupem, grata a tona error la admlMlble 
db diltarto laR Pktor axpedltloii, an observatory 
wtmkltaMa OB « baadt ledga cm bundred yards tram 
tta tgMtm, It «ag akoot 7 Act aqiuie, with walls of 
kIwtotMta. torti and aouth thuttoei, and a 
1*1^4^ iatatadtohUylne^ A transit 

Utm wqr# Mwr <>»rtnrMd ^It 
taadKtooutt ctato wera h eard by 

Atammr, rmt W.1 


During the long summer's day four months tbe 
writer has tried to dad the moon bnt has never sue- 
ceaded The Iwavens are not bine tat a bright, gtor 
Ing grey dne to the reflectloa of the sunlight from toe 
xorflice of tbe soow It rat? eSkctiuUy ’>ib tbe moon 
out of business,” u for as the iitronnmer to conoenied 
On the other band, In toe winter night thr moon to 
above tbe hortoon eontlmuUv tbrongh half of enCh 
InnattoB, and baa modi the some appeanwea aa In lower 
totitodaa. 

ImaglM yranelf at the pola, with the merMlana cC 
longltade radtoting out from your tost until they dis¬ 
appear over the rim of toe bortaoe It to abont Juna 
21st, tlis summer eoWiee, end tta san Is rardvliig 
aroomi toa baaTau at aa altttoda oC aame B dagraes. 


IIS (Ml hiHt Him In twinti fmir liiiun. but niltbir rlx 
Ink n I ill MI iiilliin In Us |xitb throiikb the xkv Whiit 
thill K II fi I lull HH mhi Htaml llxre — rbst lx lime nx 
umli iHtiKxl bv an nxtiuiiumir' llu xiiswii Ixinxy then 
W no local lime It lx ixiiwllv trni to xiiv Hmt It lx 
all bimrx Now xUp off thi i>oIl toward thi xun whin 
IM r It mnv hapiioii lo lx 1 iw oie now on tiu mi rlillnii 
ovir wblih the snii K xitnalcd 11 Is ixxiu lo vixi 
nxtriHiDUlcal noon Take two xtiim baikward von 
have iroexcd the pole eio un tin xnnie meridlsu sud It 
Is nstiuiiomUal mldiilkht In Ihlx nunimr vou inn 
nmke the Hnx of day anrlliiiu Mxi ihonxe li> slinidv 
taking one step nwiiy from the ixile In (bo dlnxllmi 
uf the mcrtillan on which that imrtli nlnr tlmi obtains 

It von lould nfford to irmnln xt this uniqui h|wt 
Ihtoughout a year yim would xn, the nun start uu ii 
slowly iliseendlng xplrnl miHI nt tbe Hntumiuil eqainoi 
hi would be rolling around llu birixon like x bln bll 
lUinl hull Ibe no\t day hi would show imli his lo|i 
ixlge and the next would dkappinr eiitinly foi xlx 
munllis slowly xplnilliig (luHimxnJ until ut the winter 
solxllii hi Is degreex Ixlow tbe borlron and bcglnx 
his slow return In Hnnb be nguln pnto In an appear 
III I nixnHng blx perfurmniiee of tho fall befon but 
III rpierxo order nnlll on liino Jlxt hr Is st hls hkhext 
lliesi woulil lx the pbcnominn prodded yon could sn 
Ihim bnt tUi ihnnccs nn that there wiould lx- but 
fugiHvo Klliupwpx now mill then xs the xnow lx drifting 
alninet contlnnxll) In high Intitudia 

I he auroral dixplavs nn of coiirsi of coinniiHi ix 
lUiiencc Ixynnil tor dnle and nt tlmix In tlx winter 
Imomc so brilliant ns tn llghlin up thi ‘anowxispe 
like fall moonlight In iinn/ Tosef land north of 
Kusxbi the BtmuiHix predominate thi surunil arch 
not bring rommon hut In tlie vicinity of tho north 
miigiiiHc pole thi nuh Is seen more ofton Ibe writer 
hnx nrvir been able to hear tbe peculiar lunind ro- 
ximbling ruHtllng xilk xo often spoken of hv Arctic ex 
rilonrx ss aicompnmliig h brilllsnt display And It lx 
hlH Impnaaloii Ihnt Hu gnxil magnetic dlHtiirlmnicn nx 
ntxwrvcd In thi magmtompter In wdiitir are not necew 
xaril) nceompsnlpd b) exceptionally bright anrnne 

When limber !■ WBated 

It will Burprlxo most people to learn that boxmakeni 
In the I nited Mates nse more than foor and a half MI 
lion bosnl feet of lomber each year or more Ihan one 
tenth of the entire lumber ent of tbe country This lx 
the anthoritaUve xtatement made hv the Fnrest *tervln 
of the Department of Agriculture and altoongh mnxt 
of thsee boxea are oacd xeveral times atill It to soggex 
tivs of a very cnnildcrable portion of onr font dlxap 
pearing foreotn Alread} the high price of anltalde lum 
ber to forcing manufocturera to seek other nmterlala 
and more economical meihods for packing and shipping 
thslr goods, hot there Ix room for much greater dovMop- 
Bwnta to this dlractlon 


SaENITTK AMERICAN SOTPLEMENTNaiM? »» 



By Hairy Chapin Plummer 

io ((UA bjr rail ThL druiin w) (hirlHhed Iit n*nr; limi toiu) with an addlttonkl provUioit In one o( the pUibrnent ha* bean alow on nccouut of tbe maujf difll 

M VlaKbI tlio louiubr of tho blorlila Laat Coaat Rail fuiaard hallaHt tanka for the ahlinnrut of a balk i|uan cnlHta to be oxeronme It waa no anwII uixlertaklng to 

wajr ayatcui baa found Ita iiltluiale rcalliatlon lu a tlly of molaaKa Path (anco hold ia aeraed by an lode- pateod the line down the aaudy marab) ibnre of Vlorlda 

aoinlerful larftrry aliamir ataled to bo the largnit latideut double dram elettrlo canco holat of two tooa lu MUml ubero a loii( panne ana made ’nwD came 

and moat <u]iaPloiu of her type In the world n>bi laiaiilt} and the notiasarv flllliw and dbaharulnc ap- lhat daring angliMerlng feat of carrying a rallioad over 

powirfiil ciaft ahich bean* blaglci a naiue anl whUh naralua ban lieen fitted to the tank Intended fur mo- the aaampy Up of Ftorlda and thence by a rtmarkable 

In deHh,iied npcLlally fur the 100 mill run bitwi-en Key laaaea wrira of embankmenta and eoncrata yladnctn ualng tho 

Vtmt Kla and Uayana Culm will lurapUtc Ihi final leii wuler light lomiiartmiDN Into which the veaacl loin, lurvlDg acrlon at keya ae etepping afamea to Key 
link in tbi pawoigt at freight without traim nlilpmeiit In Miibdltlded are n-wd tor Inllant pnrpanes Theee tti-it, the ontermoat acceaalble point thal can be reached 
between the dtleu of the Uulual Stattn iii d llavuna deep taiikn baM u latnully of ^000 toes and the lu thU manner 

Snntlabu and Inh rlor poluta on Uie bdand of Cnha Miamir thereby lan be hronght down to her proper In building thin wonderful Tladuct wblrh in 138 milea 

At the Hat ana tcruilnUH of the ferry the ateemer draft whin lui targo la rarrled A eyiitein of plpea con long from Ilomartaad at the Up of Florida to Key 
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Apparatus for Demonstrating Newton’s Laws 

Studying Motion Accelerated Under the Action of a Constant Force 


By II. W. Hannon, Grove City Collate, Grove City, Pa. 
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racoDd par aaeood, or 811S teat per Mcond par aeeond: In looklns into the flutora wMdi ent« Into tUa as- 

end the wal^t of • bod/ epproMhea fnll «ffeetlnne« perlment, InertU, Bomentuai, Impnlaa, trietloa, and tea- 
ti (a) appreaehea aera. We ahnU therefore eipect to alon. It la aeen that Newton'a Three Uwa are all foil/ 
find the rahtei of T. atwa/a leaa than If^ and T, alwa/a Inrolred, and alao the lawn of acceleratad motion. A 
matar than If. fiw Jfi la acceleiated nparard, and T, knowledge of moat of the terma uaad In ntachanlea la 
Oonaiata of both the Wi^t of Jf, and the force which neceaaary. TtiU therefore nhonid make an eapedall/ 
la accelerating Beference to the data table ahowa effeetlre experiment for the Junior atndant In ph/aka 
thoao axpaotationa reallaed. or the atndent making a apedal atndy In mechanlen. 



amL^MiWlUht Tte waltbt of M, at reat la tolly 
eltaatltNt 1 b ftModOf tMHea A foody foiling body 
baa no aOeoUr* wilglit, for Ua weight fona la aU naad 
la It* A foJUag body tmly aUghUy aoed- 

enfod .hga a fonportloaal port of Ha weight aflOellTa 
(L aun In a dwwwdim atovator). TUa dfocttee 
weight mpceodMa aero oa (a) apiwaachaa (g) In Talne 
wtM tf > hiula an aoedaraUoo of 980 emtUaMten par 


SBddoi ChiBfM in the Form of liquid Crjrotala* 

By O. Lehmann 

Faa>uaa.Y adiatre ananmod matter to be rantinnoun, 
aUhooUi porona; to be chemically nn well an phynlcnlly 
homoianeoua; the molornlnr urraiigomciit changing of 
eonrae In caae of anleotropy at the border line lictwcon 
dUfetentiy oriented porta of a body, In cane of cryntaln, 
which may, however, be dedned ne nggrcgnteH. For 
example a npbcrical cryetal Inw boon emndderod an 
aggregate; whereaa, according to my flndlnge, It may bo 
an ludlvldnaL 



Plf.l. 


IJkowlee planHcally dlrtorlod cryntale (of gold, sil¬ 
ver, etc.) wore held to tw aggregatoe of crysUl fiag- 
mento, while the existence of liquid crystale was wholly 
oxclnded from the realm of poaslblllly by the “Theory 
of Identity" (molecular Identity In the eoUd and llqnld 
sUtee), oryatalllnaUuu bUug made synonymoua with 
aolUlflcaHon, only two sorti of molecular iirnuigemmit, 
the Uttlco41ko order In the crystal and entire Irregular¬ 
ity In the molten mass, being considered possible. 

My dlacovory of trnn*|»reut plaetle crystals, whone 
distortion causea no fmgment foriuatlon, together witli 
the dtaeoTory that by the admixture of foreign sab- 
stancas pormnnont dhrtortloii of erystals cun bo secured, 
ftint Jiwtiflen the question: "Are such dlstorteil crystala 
still to be ragaracd os individual nnlts, or are they ng- 
gregatnH as f.«ierly supissssir- Must we dislingulsl. 
between tree crysfnlllDe idnsticlty. where the .Tystai 
v tusiri s a unit (for examidc. soft glnss) nisi aiqwrent 
plasticity, where a cryelallliie unit boi-omre no aggn- 
gate of fragmenta, the only sort of idaatlclty rec<«nlied 


The Author dhtaovery that the form of silver hsllde 
staUe- ihof* 1« fouMrty ctsisbl'f^ amo^ 

ifooaw-Uacoiia. waa teaUy crystaHliw. naturally raised 
ti^rtbttqLtloa. "Omi tme plaatldty go so for that 
g W ha coiiMorod foiia. thus contradicting 

thoThooey oglgi«*»rr" . 

J ant obtafogg- ahobliito proof “* eilstenco of 

Hqplg hf^sbifo. 'im ammonlota-oleate hydrate. The 
pfope fosta qw t»fo;i?W»oi|ataitUm that these iw^als 
pnapia aa flhtitt'^ riaatleltyas the term Is under 
atogg' iMattw'ta fot the molscular eqnlllhiium 

la mforod after any iHstortlou; theiw- 

Jn^^b hbw fohM bo oouaWered liquid, not nolU. 
Mi^lSpiSlno attiOcaluuwriMte Is drawn 
arrange themselTai 
■ .smepmUlcillag to tbo walta 


crystals), conalaUng of a modllloatlon of ammonlnm- 
uleato of Identical stmetnre with that In the tnbe. 

Tims the existence of myelin forma la a complete ojd- 
Iradlctlon to the above-mHttioned assumption that a 
clicmlcally homngcncona body must bo physically bomi»- 
guiicouH, for UieBo myelin forma arc not aggregates of 
rryatal units, no boundaries being anywhere oliecrTable. 
Ncvorthelees, points near the surface are by no means 
(Hpdvalcnt to tiioec near the axis; therefore the mattnr 
Li ml doattasosv. The oHslenee of NquM cvyslol*. ns- 
pccteWy of Ike «ye«a sort. If Ikon o oortatn proof of 
the uLili'i-ular IKeorp. 

The existence of liquid cTystala also natradlcta the 
mssqihsl theory that only two forms of molecnlar ar- 
rniigcmciit can exist, the one entirely Imgnlar, the 
other, th«« lattico-llke order In crystala 
If, us 1 nrst snpiiased, the midecnlca are tiny rods, 
they must he radially arranged when sneked Into a 
caplltary tube; hemw any cnrieiit In the mass would 
alter tbo lines of Interference, since Internal frhdlon 
would ndard motion near the tulto wall and give tito 
uiolrs-uliw there situated an obihiue direction. This docs 
not iss-ur, therefore I now aiwume molecnlns Ui bo tiny 
flat plates, wboee surfacm are perpendicular to the 
oirtlcal axis. Other phenomena support this asmun).- 
tion. 

Aiv-urdliigly a cylindrical myelin crystal Is In a sense 
an aggregate of co-axial cylinders of tegulariy plscnl 
pinto-ltko molecules, these cylinders being cloecd on 
the cinta by hcmlspla'roe of like radius. 

This peculiar structure demands anisotropy of thor- 
nilc motion and of expansile force. ITic molecules 
easily glide over one another la a direction imrnliel to 
their flat snrfMCBB. therefore expansion In the illrectlon 
of tlM> cyllivler axis Is greater than in the direction 
pcriicndlcular to the axis ; the rpHndcr muft fkm track 
im* a fkirfcstw <kof Ike graator rapOUity prrffure of 
ikr hrmUpkerIcat endf msfl crarllp balanro Ike eercta 
of nrpanaHr. ftnvc. 

U lias not yet been ismllilc to dcinonstrnto llicnnlc 
imivcracnts end tiielr anisotropy by tho tawcrvHtlon tif 
the nrowiiloii iiiovcmcnt. ami Hlme i-onslniit transltliaw 
frixn llqnUl to s<dld crystals «>«ir It Is very isnwlblc 
that tilt- fonr hindering the siirfoce U-uslim fmm isan- 
|in<sslMg the llquM crystal Into a sphere (leyclln forms) 
Is not alone the foree of expansion, but iirlmarlly the 
molecular directive force. A proof of this I Imllcvc 1 
IHIVC dlm'Overed in the pecnlUir behavior of the myelin 
foniM of ammonlum-oleate and of protagon when cooled 
below --4 degree*. 

kHUoaiDM-oUAn byimutb. 

At ordinary temperatures the myelin Uqnld i-rystals 
of ammonlnm-olMiU! are Jclly-Ulm threads, easily bent, 
abuwlng no elasticity, and no tendency to break even 
when bent doable. 

If Ikinld crystaUlne ammonia Is placed under a large 
watch crystal shaped cever glass and ordinary am- 
nimdn allow to flow aronnd and over the prepnrntimi, 
ami the prepnratlon set over night In a cool plaie, then 
snch myrilu forma as shown la Fig. 1 will be obtalnml. 
Now place thiws In a temporstnre of nlsmt —0 degrees 
awl they wUl take on the xlg-sag shapes of Fig. 2. We 
conclude tiwt In the softer forms (Fig. 1) llic mrfcculre 
adjacent to ono another In the direction of the long axis 
of a cylindrical surface ftwm very blunt angles with 
ono another; and that the straightening of the cyllmlers 
In the SUW# modlhcaUon at the lower teniperalnre Is 
to be oxplatoed by the combination of tho plate-Uke 
notoQiiMB late eonpileafod whhfo to tarn are 


flat plates. The work done Is a procees of direct trana- 
formatlim iif rhtmintl into mcchnnicol euergp. 
pxoTAOos, riiaxnoeiiv, aud xobasin, 

1‘Totagon lichavps practically like ammonlnm-otcate 
hydrate. PhrenoHlns can he obtained In thin plato-llke 
crystals. The llqnld crystals obtained on beating these 
with water bike the shape of cylindrical myelin crys¬ 
tals, micmbling ray-like projoctions, and tliene on cool¬ 
ing suddenly, shrink suddenly to half their length. 

If metholyn blue Is added to the water In wlilcli 
phrtMKisIn crystals are allowed to swell, so that the 
water Is only tlngiid. the crystal becaroes Intensely hlno 



lfif.2. 


(prohiibly through clicmlcal isimlilniillon). When on 
cooling the snildcn shrinking iilsnc mcnlloni'd takes 
place the blue clmngcs to nsl vlolcL 

Kerasln uids niiirh llko phrenaslo, cxiwiidlng and 
(viitracting in the siimc way. 

Tlic myelin forms of protagrai often lb; one within 
niiotb-T like the layers of nn onion; forms oiam on one 
slilp drawing In, mid ejecting smiillcr forms on aolldlfy- 
liig and melting. Tlicy remind one of protoplaBmlc 
sinicturcH. Form and stractnre nre, however, main- 
talnisl purely by cohesion iind molceiilur dins-tivo force, 
iind nut by an liieluslng mombrnne. 

A Dog-Proof Fence 

'I'liK IK-|sirtiiient of Agrlrnlliire In a nsviil Ihhih- of 
lls "Weekly News la-ller” tells formers how to build a 
ilog-priKif fence tlint will safely pndcct shis-p from llic 
ruviigps of these animals. The posts shonid he 7(4 fed 
long, set 2(4 feet into the gronnd. and apneed 10 fem 
iiimrt. Along the surface of the gronnd stretch a IwrbPd 
airn, thin to dlNCuiinige any attempts to crawl nr Iwr- 
mw under At three Inchoa from the gronnd stretch 
■TO-Inch woven wire fencing having a 4-lncli triangnisr 
iiusili. Alsive this woven fencing, and at Intervals, re- 
s|K<ctlvcly, of 5, 0, and 7 Inches three sirands of Imrbcd 
wire arc strebdied, making the total height of the fimiv 
.17 Inches. Tills fence Is very durable and Inexpensive 
hi build, and It Is stated that It will keeii out any dog. 

Foreat Fire Prerealkn 

Tub prevention of aerlona damage from forcot fltee 
depends birgely nn prompt Informnllon and qnick work 
In checking and preventing the spreading of aodi Brea; 
In some dbilrlcts the oflldula of the Forest Service of 
I he Department of Agrlcultnre have enllsteil I he Intarcst 
of reeldeiilH of their region with excellent resulla A 
recent retsirt of this depertmeiit slalee that. In addition 
In his own Are detection syslem, the mipervlsor of tho 
I'allsade notional fnreet, lilsho, wan notlfled of each Are 
by from five to Icn dlircrent local NOtth'rs, who thus 
showed their co-operation In working for Are mip- 
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Recent Advances in Photography* 

Some EffiTts Produced on Sensitive Plates by Material Emanations 

By Henry Leffmann, M D. Ph D , Member of the liutitute 



lilt (iili.iiiiil fiiUH fiiNclivlU ID iitairdM thi iK'tiriiM 
iliinntiMH ami In m uii ibmh tin iluiii,.i H in iinnu 

I iil\ V cniiHtkiiiiiiH InataiK-i if tin latter In In thr nxi 
It IhpTiiinK'n Cnmiany if tin tiinii iiUnonut ami 

tintiaiiiliinm In Ihilr f luiuln fi>r color phtc work 
(ht Infamuitloii at huml ImlhatliiK lliat the natnea rtfar 

II thi aaini HQlwIanna and that thia la iniioly an loti 
male mixture of mitnl and htdmnaiiniu 

I'rtbablt thi moat Impoitant at leaal the moat aeu 
i tally exploited adtau-e lu piicDdun In tlila Hold la 
color (thotoftraphy It la tarliata fc note that In the drat 
edition of hla work on melhoda of photofcrapht M Can v 
lea atalid that In hla nplulou colorihoto(.raphy waa 
Iraiamallite and he Rate hla reaaona for thIa rlia Not 
Uiiiit after he modified hla Mew In conaeqninee of thi 
naiilta of reaeareh ao far aa to admit Ihe powllilllty i f 
aiKh phoiiitirapht He would aurely bo Intireated In 
aome of the platen made lo-dav bv tbi aetoral proteama 
that are extenaliil) einiloted and act he eonld tmlv 
any that thi nwiilta ohtalmd hr the IiirolAre Hufay 
and rant plalea are not niillv e dor photot,raph> but 
loliired plndoRmpba In whiib I hi hand of the arttat haa 
been anlwtltiited bv ImRiilmia aiilouuillc proeiaaea 

One of Ihe Intiat apidleanta for faior In thia line la 
the I BRet plate Thia ntlllrea h enlor acna u InvolMnt, 
tin aami piinelple na tbo older milhoda lhat la an evin 
dlatrlbntluii of Ihe thiee eolon hot In thi Paget plate 
this Bcreiii la dilHihalle and henee ma\ be naed fir 
DMiny plafea Uoreoier the nveralon of Ibe luiaRe aa 
fdlowid h\ Ihi older methoda la aiilialllntid hv nalDR 
Ha plati aa ii ihmiIIm and nttnihlni, a iliwInR aeroen 
to a laialllti niadi In Ihi iiannl nuiniiir IuriI aereena 
an much nion lianapareiil than luinlPn aireina and 
lieiiei more nnllafailori fir lantirn dimoiiatmtion on 
Ihe olhei hand thiv are minh cnarsLi and a conahler 
aide maRidfknll a na nliin a allde Is irijeeted on Inrae 
i\lint ahina llu liidlildnal c d la and dealioia thi. 
Illualm Ihi titiil iiiHl it a e uiilite I amt laiitem 
alldi la Hll|,hth hlUn r Hum Hint of n TumlAii bat If 
till iiiarator hua n e Hialderahli pi iimrtlnn of falluiia 
PaRil OKthiala an more economical In aUea of the 


Nigallv* prodaemi by fcootman laihdMet 


liidlMdiiiil i hr Iiiaia thi lakct wreens agree Uoaely 
with thoai of thi l>nfii\ and lhamea platea (the Utter 
Ja now out of tb« markit) 

It la well kiiiinn to workini photographen that the 
T nmttn pmceaa impluva the principle of rereRUoo of 
IranRc aa the dwiiaiaireiiey obtained by Hxlng after flrat 
• Abitriet o( Nmarlu mill* at Um neeUiif of 
IhotoRnphy eed lllcroacopy of tho RttakHa iHtItatl Ud 
PObUahed la the Amai el the Bodaty 


ilevi loptaent thowi ail eolon eomplonientary Working 
«llh the color pUtea anoeatMl to me to trv aome of the 
iivcnal pronaaea with ordinary pUtoi lhat la to oh 
lain poaltlTea bf one axposnte In the early daya of 
iiegadvi makliig the no called wet pUtee the potedblUty 
of direct pnalllvea waa luvmtigBted and aerenl methoda 
wire deMaed Tbeae can he applied to the ordinary dry 
plaleM with mnch ancoeaa and althongh auih prucedum 
ail of no great practleal lalne or wide application they 
affi rd an Intinwtlng fl^ld for experiment by amateun 

My experience baa been prlmlpally with Ihe following 
ini Ihcid 

ikind exixwure and good development are glieii Ihe 
ileii lo|H r la woabed off and the plate etuud cuated aldi 
iitnanl In a lUveliiping dlab of Mack malerlal (oi llu 
Idali la balked by blaek jaiper) and aavoral Intbia of 
luaguialuni ribbon are buriied a fi w Inc hea from It J hi 
nIIiii drpualt acta na a negative and the nnchangid all 
lire mpluuda are tightatniek The plate la then Im 
lui raed lu a aolntlou of intaaalum tUchromate and 
sulphuile nild auih aa la uaed In reverdng LnmIAn 
I loi platea until the Image hae practically dlaappeared 
I 111 plati la viaahcd ftir a mliiule or ao Immeraed for a 
few iiilnutea In a 0 per cent aolutlon of aodlnm anlphlto 
niid then nlnriiid to the develoiar The second develop 
meat Rliea of coume a poaltlve which Is thra fixed and 
waalied aa tmual Theoretically no fixing U needed 
lint In praellci it la beat to pnt the plati throngh the 
regular hvpo solution The second deielopment will 
iiaiialh bi ralber alow It mut aUo be home In mind 
that plaha well wetted by developer are much lesa son 
altlie to light than pUtea In the drv condition henee 


Relative opacity of common writing mntorUb to 
raya from Inminoiu paint 

if the flrat deiolopmeiit haa given a denao pletnre a 
kiMid lingth of nmgneeliun ribbon ahould ho homed 
within a few incbia of the plate Cate must be taken 
not to look at the flame and to bold the ribbon with a 
I air uf tougs AH opciatlons are conducted In the dark 
riNim The prociwa will be toond uaefni for OMklng 
sIliiiH In an emergency 

Vmnng the nliiklng dlMcoverlce In reUtlon to light or 
It will be mon prcelxe to my iwdUnt energy In Uu 
(xlNliiiie uf raye and material emanations which are 
InilNllile to tho unaaabited baman eve but affect oidl 
iiaiy photngraidilc fllma and many other subelaneeM 
and In aome caaea pam freely throngh objeeta ivaqnc 
to ordinary light 

I pan mteh phenomena as the Xravi inunatloim 
fnira radlivactlio anbataneas ultra Mnlet and Infrared 
light I need not dwell here oa amph dlNcnaalnn uf theee 
is III la fonnd In recent lltmttnre I want binvevpr to 
call attention to a lem exjdotted Hold altboogh even In 
this the baaie ptuoednrea are not very recent I reft r 
ii what haa been called *pleture-maklng In the dark 
limxmucdi aa the etymology of the word pbotograpbv 
preventa na from applying It to anv iirnceaiiea but thaw 
In which light lakes part I need not atini to give any 
ilaborate hMory of Ihe inveoltgatlnns Aa early con 
trllratlon was that bv W J Rnanell before the Roxal 
wodetv (Snmee iflOO 11 4KT) who tried many sub 
stancen and oMalned cnrloua reonlta from some of them 
M I Wilbert (/oorwol ArooMla JntUiutf IMJO d S8fl) 
repeated aome of Bnowlla expertaonta with snoccoo Td 
revlowlDg theoe papera howavmr, It seemed to mo that 
In many caaea tho Igiproiifoa oo the photograpfale plate 
might be dot to pr e — re or mere phyiletl centadt 
rather than an emanaUaa tangHito or Intangthls. I 
to mr frankly that I have hilled to obtain tusny of um 
reanlta reported hy Raasen and WYlbart ovan Ihonih 
foDowIng thrtr methoda aa doaety aa tho de wri ptteoa 
•TRllablo eatWa. la tho litir owioo of nirtmulo I 


adoiRed the plsn of Intenuidiig thin paper lunutly tha 
urdlnaiy lantern mat belwM.ii the object and the enud 
five plato thna preventing actoal cuutact Thia melhod 
materially retards the aoUm 
It hai seemed to me that Ihe procedarea that I Intend 
to summarlia brlslly may be called Bkotography (from 
(•reek ikotoi darknoas) One of the most aetlvo Ao- 
lugiapMc aurfaces Is obtained hy snatching or poltab 
lug lommun nine battery platis Thin line sheets do 
nut Nnm to be so active nor does rand papering the 
sliic plutu yield very koud rennltx If one sentefaea uu 


lungalrn filament Ordinary plate Peoltlvc 
(reversal) 

a tarulshid and curruded xluc plate a design by means 
Ilf a sliarp <110x1 tool and thou lays a dry plain (I naed 
inlliiHiy Inuteiii plaira) upon tills wllh n thin paper 
iNtwmii with Minx, iierfomtlun nr a entout deolgu and 
allows this cumbliuition to nmtln In the dark for a 
couple Ilf days a distinct imprvisilon wUl be made on 
the aeosltlic plate that can be brought ont by ordinary 
divelupmint Often the metal 1 m active enongh to pro¬ 
duct a marked oflect In a ft w bonn Rnaaell expromed 
till oplnluu that emanations of mlnnte amoimta of 
bvdiugtn dioxide produce the iffeets and that the dlox 
Idc Is 111 some way formed by the treeh sorfiiee of 
mital but I hate not yet obtained any Informatton to 
uiuhli mi to foim an opinion u to the caueo Mag 
iKHluro and line scorn to be specially actlvei thin sheet 
Iron did not produce any effect Aluminium hoe mod 
iinti aitivlly I obtalnod a strong effect with the so- 
inllid Bush sheds mnuoflictiircd by the Kastman 
Kodak < iimpaiiy Bibulous paper Impregnated with oM 
oil if tunientliie gave no appreciable effect bnt Improg 
iiati-d with lonunerUal solutloii of hydrogan dlaxlde 
and allowed to git nearly dry before testing gave a 
fi'ebli plitntc 

somi exixrlmenls have been made on the pboto- 
kraphle Slid olher proppitles of commercial Inmlnoua 
■mint This SCI ms to hi compoacd largely of ealdnm 
siilphlilc In a flxid nil I have uaed It on glam platos 
and bnvi foniid tlx most couviiiliiit way to get an even 
iiwtlug Is to dilate the material with gneoUne and poor 


Taagataa llaowat. ‘Vydra" plata. PaMMva (ao 
roraraal) 


the mlxtnn aa was the eastom with the enUodfon aoed 
In thftoM mat idato process. When dry tho paint fisnm 
a oonewhat granntar slightly enam-coRnd film, whlift 
win emit for aomo tlfflo a soft. UnUh light aflae a fom 
seconds' oapamfo to aar ordtopry omma of RfiUi bM 
tho mort HllAMtoiy nsnlta an cbtatoad fMfo saMght 
BndaNUght Ihean fi ioan t Mastilgawfopaw 

fd wagMA Mom on aoswohgt slaw Iti MOafo 
lioay to> i w o H» i fy i tl MAlo ly bti wln Ripii wfitt 
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“Suction” Between Passing Ships—^11* 

Important But Little Understood Forces Affecting the Motion of Vessels 


By Sidney A Reeve, M E 


( ontmuc (1 from Sc iBNTino Ahbrioam BnppLBMBirr No J 


Pace 82, January 0, 1015 


Thk firm m whxh tho itraain hue Hhip derived 
niatheinaUdillv fnim and unlcK waa Irft by 

Mr ravluTH laid additnm lii lU thourv wan atiU iin- 
wliHfaildrY fiir thi analyau of aiutinu Intwiin aitual 
hIii[>h lie ouUiiie waa ivnrvwhtru ounvex and 

ateni wen lailb roundid then, waa no hollow i ntranoo 
or nm and the miildU Ixidy waa not iwralhl While 
am h a ahip fonn mMchl do for thu atudy of the icenenl 
pnni iph a (whn h indeed (ould bo wi U undi ratnod with 
out any stnainhm unalyna) yti for any eatimatu of 
q lalililir aapentn of the problem a la Itor ahip^orm 
miiMt la hail Phu mocnitndi anil i xai t form of the 
unalrainid wave aooompanvinir a typioal ateamahip 
■ oiitd la hod only by mathematn al deduitioni whiah 
were Itaw d iiiam a tvpiml ahip niialil havinK a lone paral- 
h I middle body hollow i ntranco and run and aliarp prow 
and ati rn 

To tho wnU r it appearod Ululy that Tayhir a mathod 
micht la made to yield IhoM. reiulta provided a Mutable 
funi tion of wmn 01 and unka oould hi found to form the 
premiaia Ihia oould ho detorminid only by the out- 
and try imthod which aa ouh try involvca tediooa 
nipoUtion of aimple roniputatiuiia pnivid to la labors 
loui However the uinatoenth fumtion tried gave a 
fairly aatufactory nuaW aa may lai wa n from Fi* 7 
the ahip form in whioh m ajinathi matical atream line 
and nut an anaumed form and upon that model all the 
curve! and (imtoun preaented hero aa baaed * 

Taylor a mathod waa modilhd alightly in irder to 
fanilitate the work of mveatiKalmg many diflerent 
premiae! hy Uking a large nuinlier of pomta and relyuiff 
upon avoragea rathe r than integrating a aoparato < urve 
for eoeb one of tho tbouaanebi of pomta mveatlgated 
yet even with tlua the me tbod la labonoua The ahip a 
length waa divided Into twenty parte and in tenna of 
theiM longitudinal unite and for laoh ono-flfth the beam 
1 xU nding laterally the atroam Unw were oomputod over 
a aeaniurfaee extending nearlv a ahip a length forward 
of the atem and tietrlv two ihipa lengtha abeam In 
tbia work only one quadrant from the e emrae ahead U> 
cither beam need he ooraputed beoauae the mathomati- 
i>al troatniint roakew the four quadranta aymmetneal 
lint m aetuality the viienaity of the water and tho 
e nergy liiat in wavee-mabiig make the eonalntned wave 
oiUrn amaller than that ahead 

Thia plan would apparantly give over two thouaanU 
ohaervationa in Moh quadrant but in the tegiona far- 
llieat from the ahip many pomta were omitted the 
foiiliiun there bemg of Iwa ourvaturo Taylor a in 
h rmodiate i urva waa plotted on a aheet 4 feet square 
the largest praetu abh m this oaae mad flnal values of 
atnain lino widths wire oomputed to four deamal plaoea 
(pna edi d by a < hamrtonatio) with intermediate oom 
putataina earned to flvi or aix plaoea Studente re- 
piating this work will do wdl to plan for greater aaeuraey 
than this fur wbaU vrr aeale la adopti^ al the start 
miial Ik adiu r d 1 1 Ihroughout the work The atnam- 
Imia win all drawn aa aoouratoly aa poHible, but the 
iiiii|iiiIihI valiiis wire eharted thereon and formed the 
Hill baaiH for iliiluatwn no valnee being taken oB 
graplii ullv ixiipt in tho uae of the latarmadiate 
I iirvi will re pn* autiona were taken to have the giaphi- 
al work siinifiinlly aiiuratn 

hig 7 giMH tho naulta for a ainglo ship The model 
has a beam one-i ighth ita length, with a panllel nuddle- 
iMidy of half lU k ngth sharp atem and stem, and slightly 
hullowud uQlraui e and nm The drauidil was takan as 
four tiutlis the lieani The ourvea are true tor a ral»> 
turn of speed to length mdioated by any of the following 
pruportiuua from whu b other lengths or speeds can be 
iiiti riMilali d but tin numenoal aeale of ebvatioiii will 
vary with tho iiquaru of the epoed, that noted m Fig 7 
being tnii only fur an bOO-foot ship gmng at 20 knots 
Length ft 200 JUO 400 000 OfiO 800 1000 

Speed knots 10 li 30 14 14 15 83 18 08 20 32 »7 

The eurvm of Fig 7 are level contour Unas For 
readers nut familiar with the pteaedmg aithde, it may 
be repealed that these eontouia show not actual alavae 
tMiH or depreanoDs of the sea, but snrpliiieB end dafleite 

■Btsdasta ahooM be cnaUebad that all wittan ea IhiB 
jtnamllM leplr reaplaU of tha laker and tadtaB of MB 
pntatlua Tha wrlltr appradaltd tUa oaly sftir ba had be- 
eena isrohrad Iba pfoeeasH tie Mapla asd tMjma U tm 
nand oC a coma ot ebrka ceeM asMIy aany tha Taylar Bathed 


of aia-preaauie m an uiidglsaiy sea having juit the depth 
of the ship and ounfliied by a tiun sheet of ngid lee on 
Ita aurfaoL fheae are aaaumptiuns neeeatary fur prae- 
tieable matbematioal treatment but it la obvMua that 
while the vartlnal reieeae of the water under aotual 
nondltiuna would vary these ourvea tomewhai yet their 
relative diapasilion eannot befar from those shown 

Through the oeater of Hie ships displaaemant sre 
drawn the 46 degree lines whioh wonld be its mean sea- 
levil oontour if its duplet ament wore rednoed to a iingle 
point Asymptotic to theee Imee are the approximately 
liyperbolie mean lea-level aontoun dne to the elon g ated 
form of the ihip These hyperbolas extend mdeflnlMy 
away from tbs ship, but aU the other oonlourdliiea ere 
(loe^aurvee or would be if tiie diagram ware suttciently 
extended 

Between the hmba of eaeh hyperbola ahoad and satam 
of the thip risea aa ofaliqae eone of water at item 
and stem, niaohlng an altitnde of 8 feet above mean 
s a a le vel Thu altitudo it u to be romembeted, u 
udunn of the bow wavea or etam wavea It u rela¬ 
tively to thu uunieal surfaoe Uiat these waves raise thar 
oresU and dupreas their trou^ While the peak of 
thu cunatraiiud wave u sharp its base u very broad 
At a dutanoe of half a length sbaad of the stem the sea 
u elevated J mohos over an area extending more thui 
a length athwart tho oouise But on either beam the 
deprosaion of the sea u sbll more marked in extent 
For &vo-eightha of a length out awsy from either rail the 
aoa u a foot nr more below normal level while the 3- 
inoh doproeaian extends out to a dutanre probably of 
aoveral lengtha not measurable on the diagram It le 
thu wider area of depreanon than of elevation whioh 
probably hae given the name auction rather than 

repulsion,* to the pbenonunon It le notieeable that 

on either bow or quarter where oeeura a poolcet rnaobmg 
a depth of 9 feet From thu pomt the water hno rues 
to lem than 6 feet bi low normal smks agam to more than 
1 feet where tha < urvature ol tha bow altcn to the straight 
linua of tho middle body finally ruing to leas than 4 feet 
at imd leiigHi The peoulur form of the 4-foot ourvo 
lid to Ita bemg obseked by a troah oompntataon for that 
dulnet upon a larga scale, but the result only oonfimied 
tho aarliw curve, strengthening the writer s oonfldenoe 
in the virtual aaoaraay of the entue diagram 

Ihe symmetry of these eonitnined wavee as between 
bow and stem depends not merely upon the sisump- 
tiun of porfoct fimdity m tho Bea--wat«r, but upon levd- 
uaaa of asa-botlom Shoidd the ground beneath the ship 
be namg thu oonslratned wave will be in prortaa of 
formation to the magnitude shown, bom the smaller 
oanatramed wave of deep water, and thu fonnation must 
take place flnt at thi bow Tlua «qdains how it u 
that a high-speed boat eueb as a dest^er will feel a 
bank many feet beneath its bottom, so fontUy as to 
fetob the orew up againat rails or bulkheads Aa the 
bow iwMae over the bank thu eone of water must form 
ahead while the iteni hM yet no oomqiondiiig oone 

These eontours also esplam bow it u that a ship a 
reoatanee u so markedly increased in shoal water It 
also axplama how a highspeed beat seems to settle in 
tbawater One ease u reported where a paddle-steamer 
failed to eome to epeed on her trial trip, it being found 
finally that her padiflee had not bean located with a Tiow 
to this daproadon of the water on either beam lo that 
brfora she attaued fnU speed tha floau lost their full 
oontaot with the water In all sbipc of ap^eeiabls 
sp eed havne a painted water-line the oneovemig of the 
undeebody throg^MUt the greater portion of her length 
by the trou^ of the eons t rai n ed wave b plainly vwihia 
The heeplat of the water about bar stem w moia or lem 
obsoursd by tho bow-wavm, but at the atom aitho^ 
the stem sce s t le amallsr than the bow-meet, the ra- 
•atheciag of the water under the eouatsr b usnally 
pUinly to b« semi Tho fanportaiMO of n flno ran fb 
taking aiv s Btig o ol thb phsB oi MD o n w anraMst whan 
It b noted that in tho amdal of Fig 7 the emoont of 
eaaigy eontmudy bstag rtond in the eoutnlasd wa«a- 
b some 40JI00 howoyo w The bulk of thb poww b 
bebg aa eonatantly r op fa e d at the stern, but baeaoM 
of tho vboority of tho wabr. no* hB of thu onOrmobi 
nprtrooBNsbaek ItbttooAwof that’snmtp 
isphi as mwh of it aa pood^ 


suifaee m tho neeghbodbood of two Alps movug OB 
parallel ewirses, and ovmlaKdiig, vrtMh b the gtaidsrd 
poeiuan for the devsk^meat of luetioa f^poeo, b tat- 
poaaiUe of exaet mathsimatMal aolutioB, so fur as the 
writer uawsre even with tte md of the hnsglearyihset 
of lee sad the reetnetmi of the water to notloBhi heri- 
runtal diraotions But the sueem-hno aeiliod aSers 
at least two ways of saourtaig appradvatbos to tho tnth 
whioh sre near enough to shad vary mueh mots light up¬ 
on the aituaten than b avaibhb In estf p r sue h t elate 
of knowledge 

The first method oonsbts In taldag two seta of strenm- 
bnea identioal with Fig 7, OTetiappiPt theoi hi the 
reUtioDihip between the two veeaals whirh u to be 
mveetigatad and then adding them 

The remit of snob a ptoee^ae b shown m Fig 8, 
whioh u denved from two ships like Fig 7, phoed on 
paraUel eonrsee a haU-lengtk sport, with one ship lapping 
a quarter-length over the otiter The neultoat stieem- 
linm sad lea-oontonrs sre quite aoeurate, bat thoy 
have now hut their praotieal value as bsmg founded 
upon ship-modeb tai^ typical of actual shipa For 
the models ssoured by thb roathematical method are 
themmWm fluid (until we imagine them mmaantanly 
aolidifled) and therefote eaoh ahlpmodtl ban now bo- 
oome waiped narrowad, and dutorted by the infloanow 
of the eouieea and itaks forming ita nti^ibor The 
beam baa been rednoed about ona-half, the am of the 
model b no longer straiiflit nor oo-inodent with the in¬ 
tended euuree, while the general heading of eaoh modd 
hoe been ahewod away from ita naghbor 

AU of these featuiee tend to mimm iee the matnal 
hydrauUe rem turn dne to the solidity, m aotual praetioe, 
of the neighboniig hulb whieh m called ‘suebon" 
NovortludesB Fig B shows pUmly, in oompanaon with 
Fig 7 the general dixeotions in whoh the b b , contours 
about aaeh ship are modifled by the preamua of the other 
First, foUuwing out the 4A-degrae hues from Uie canter 
of duplaeamant C oommon to the two sbipa, it is evident 
that the ana of luparprsasuie inehided in the hyper¬ 
bole ahead of the leading ahip most be unsymmatrieally 
placed AU the oorvee deputing the oone of inperpree- 


Her heed is bang steadily pushed to mote than ta 
viaibb in the smeU seale rqwoduetion of the eurvae 

But It u also true, aa eould not be ptedbted bom the 
graeral disposition of the 45-defree hnas, that the head 
of the fbUowmg ship u also being poibed to port by a 
eone of ropetpieanro ahead, whieh bean mneh mom 
obhquely than m tiie ease of the bading ship It b 
the presMiieig this oone of water Into cma side of whieh 
the foDowing abp u always hssdmg, wbWi crowds her 
over towards the other s quarter It u the rapid Mb- 
aggsratlon of this eone, both in eltitade and obliqalty, 
by tha piling up the water dli p laead by ths leedttig 
■hip, as soon as the foUowmg ahip yblda at aU lo ib 
uisBteDt preasuie, winah ex|riauis tha anddaBnem with 
which suction eoUbioaB ooour, sad lbs eoapleto an- 
manogeabihty of the foBowing veaael as aooB ■■ aba b 
permitted to heed In the sUghtart dsgtaa towusda tha 
other 

It babo to be noted that la Fig 8 tha alUtade of ah 
four eonaa of watv haa bsHi eaagpiWad. both la ooBk- 
pantoB with Hg 7 aad with eaA othro, for, afaiM dm 
beam of thg veasda baa beea hdvod, tha ooasa of llg. 8 
should aatorally be ooly 4 fail hi^ aad the aaateat 
eeahendoftheihip BatlaFigStho eooea at tha 
evMbppMg e^ an aaail^ 8 iaia, aad at tha dfegaat 
suds waB ovsr A taal, ia bright, or hsaily a gaai f 
brger thaa pMporrioaaia to IV 7 At the asam ttao 
tha largsir amia inrfitaatlr rattris tha ptoMaa of tbi 
laadliat sUf^ whib aairimtli^ «at of tha (oBowmg 
veanL 

Ob* of tha aoribat hwtmisa Of hydnaHa farimettari 
betwesa foOswiat ridpa ntMroiMdt'V'FrovIdroaa,'’ 

ia 1888) wHaamtdhoiwftb fart iflliihwidfiro>atabt» 
badtollM'iNlBattowltagataihweraaiwatforaailriA' 
anhb dblaasN hy tka MW ud rii^ (aritf of 
two veroria apoa p a wli ri ooitthaa ia toatri n jod vrabK, 
purriyhyxaroiba. " TWabwhatbodbdhtApaM 
a pkiaaMpim hM'MI *Mt 


teaptMlM, n>W^44|rioik 
QMMVfvMrMtWwMt m 
•Mririt gMbJh 
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feU Alp b«lqt “ptdnd np” oc Maatamtod b7 the fMtcr 
dip wUA hai ateort pHHit Wban tim o««an. al- 
dt^ ooQdaa nagr not ba InentaUe, it u a ngn that 
Ua mv hi in uataUa ttam«e. and that the flnt ir. 
ib»d l i a «y of ataFboUom, or projaotuig put or even Uie 
lypnaA d aoata othorwue hamlOM third vevol, may 
fNilpItata a dlMtv apalart wUoh iB bn iloU and enemo 
poowottbevonyatu^ Bnt oven a ihgfat ihoer away 
ftOBdw odor dtp, taken in toM wtUiufflootoavirtit 

OlM mothod by tdid Fig S might be devdopnd into 
a lat of ooDtoon or typioal ihip-modeli would lunaut 
in atprllav aO over ai^ from initial funsUoiia of 
■ooieep ai^ idaka which would bo arbitrarily aelechd 
npon oarrflniaar bsm (oonvmi towanU • m b uthir) and 
of double ttnagth, ao Judged that whin tlie two Mtii 
of atNaadmea were adiM the * Hoot would bi t» itnight- 
an <Mt the huili mto normal ihapo on itraight paniUil 
aiM, But thia method promiwe an ixaggi ration of 
oTen the labonoosnea inherent in Uii work mvHwid 
tbna lar While lU fniita would Im nu tin matn ally 
avMt, and tharatoie worthy full noufldeiH I it« penalty 
in tin form of labor waa too forbiddifig fur thu writer a 
eoQBaadof leuure and antaeur aub atip waatakin 
anmid the dilllenitt 

Tlua eonawted m going back to thn ingmal ml of 


Ing that the nnoertainty apphaa to a minor fraction of a 
^nor oonw^n the form of the reanltant oontoura 
depending i hiafly upon the partunilar loealitm in which 
a poeitive or negative oorreotion n ^pended to a pre- 
vMua poaibve or negative departure of atream line from 
patalluliam rathw than upon the magnitude of the 
oortooUon ituolf it it bobovod that lig 0 u worthy of 
arodenoe ae olfi nog the onlv approximation to the truth 
ngarding fuUowmg ihipa which haa yet boon offirud 
from e\en a aamblamw of a mathematioal baau 
The uintniU bctwien Fig 9 and Figi 7 and 8 are 
numcrumi and intermUng In the flnt place whinaa 
Fig 8 la ineviUlilv avnimetniial from lU mathemaU* 
oal origin u the aenae that it makro no diilarvnoe in 
whioh dirootiun thn two ahipa are moving in Fig 0 thu 
M no longer true Owing to the diffennt aurpluaage 
of waUr entrapped by the two itemi which aurplua 
rauat then travel throughout the length of the aobd hnll 
liaf ire again exerting ita influenm upon the water on the 
otlw aide of that hull the contoura about om hull are 
npiirtciably different from thnae about the other The 
oblique c mu of water ahead of thi following ahip la 
quite diffi n.ttt Uitli in magnitude and angh from that 
f illuwing tb( loading ahip Tbo oxtoaa of pruaaure from 
one qiiarhr ovir the other which la the pnnoipal force 


mombtiing that tho abenng of any ahip dependa upon 
the honiontal moment dovdoped between the rudder 
fonoa at the aiern and thia oenter of lab ral roautaneo 
C (which u alwaya will forward In tho dim Hon of tho 
ahip a motion) it again bnonua obvioua why it U that 
It u uaually ^ fidlowing veml winch u diverted from 
ita ooune Until Fig 0 waa developed thu explaiui' 
turn had to depend upon the fact that the toUowmg 
veeael waa uaually the amalka- and weaker Now, how¬ 
ever It appean that the f in e« at work upon the after 
veaael are ao much larger than upon tho leading ahip 
oven when the ahipe an >f equal qxe uid apeed that the 
following veaael niual alill bo the one more halle to 
diveielon from her eouisc cvem when bomewhat larger 
Aa to apeed it u nut evident juat what different i it 
would majeo aa to relative for cm Ihc huiUuh fonts 
are tho mutual pnidui t of (he tw i shiin acting cti 
operatively They arc the re cull of ihe aggn^ati rate 
of duplaeement by the tw i vtsaila b that any m nuM 
on the part of either ahip miuit nault m Ih ivirlu n of 
innmaaed divortivo furnea upon hitb 
Fig 10 ahould maki it plum why it is tlial a \ i wi I 
m the gnp of auction fcin ea luvb no attc ntam to a hani 
over helm Making evury allowam e f ir thu i xagkeraU.d 
vertieal leale thu length of afti r h xly far from tin 11 nU r 



big f FIga 10 and II 


atream linca from whie h Fig 7 waa developed and 
aupirpoaing them aa fur tlie pnparabon of Fig 8 but 
thw ngarding the two hulla aa nmauung solid Thu 
methiKl gives very lUwtly the vcriuina of water an 
trapped by eaih atom aa it (leaves ita eourae which 
volume muit find ita way aft oa heat It may eunatrauiod 
by aoUd hull and sea bottom and auperfi^ hh The 
qiloatton then nmuuuiig is Atoiig what stoeam Imoa 
does thu wah r dwtnbutc itself' 

This quiwtion cannot be anawend mathcmatie ally 
but the guidanoi provided hy the composition of Fig 
8 pvBUU a fair eatunaU to lie made as to how the exae I 
■Ucam-lmei wronld he inauene>ed by the addiUonal water 


anting to shier the ship iff her eoiirao is iiineh gnat r 
in tht following than in the linding ship wliih ix 
plains again how it la that it is usualW the following ahip 
whiih la doflexlcd 

In gcniora] however big 0 whnh is nnllv denved 
bv a quite different and indiiMndent line of naaoning 
from ^g 8 lorrobonvUs that diagram Tin hading 
ahip u sein to be sailing continuoualy up-biU agaiiiat 
a cone of water at its stem which Is 3 fee t higher than that 
at Its stern while tho follosnng ship u bke snse sailing 
down-hill all tho tims mto a relative hollow of equal 
depth Thu M oauaed by the leading ship ■ ihoiildei^ 
mg the burden of duphu Ing the water for both of them 


•Btnpiwd on cooh nde of racb hull by the soliebtv thtro- 
gf Tho eaUmato thus applua merely to a minor cor 
fWUoo of values already obtamed with roalhenutieal 
aoeuraey, and, although the form of the contours u 
iqgMsfMMMi ooDSiderably by tho method of ourmtiuo 
adoptud, It u thought that the result u foitiv oi uraU 
It at leaat showa acsniraUly the dire Uon in wlm h big 
8 would be modified if tho hulls were solid and tho 
aiBonst of mrertton m thu direction might easily bo 
agm ties" that shown m Fig tt This diagram I would 
Aanfarr nyla a matbematiotl oonjocturn 
■nha mathfimatleal form of eonoction must bo one 
kaaBj appHed to thousaiids of pomU m repeUUon The 
OMBoatreMBlyBUggesUiigitaelf In view of thu requisite 
•ad of the taoto bwome familiar durug the preceding 
uotk, iTM to aanma that the ihrplus or deficit of water 

fay tlw atom ■ distnbn ted over the iM^eurfaoe 

away firaai the ahip's nde in what amounU to a log- 
•Btluplo oaeva, appmaebiiig lere as the dutanoe m- 
UMM* That la to sav, it was aaauined 

Oal l/Mk of (ho mrplua or defloil was txiamed be 
twaoa tha flnt two stroam-Unrs, 1/nth of thu ramamder 
falMvtoa «ha oefet two, and so on The factor » was 
Una A dlBawit vataw arbitowfly, m the light of the 
WaaojUbf 'ffoA. ft* n»h ddrsmit pomt of the ships 

ba dtooetod at the eholee 
of Mda pMtadW gaiAod df datrihntloii, it u beyoid 
ttMMaatoduMa fbr two tolid huDi 
w V—^ ao^k of a distoraon or eomotloo 
byaom. 

ftMai wSte n* flialMt AM At IlM ships dda. 


the reaction from which duplacenuat rues under the 
stern of the follosnng ship and aids her prugrcM 

In bkg 9 the paira of eonos of watt r oheud and aatem 
of the ships reapei tively ore each me rgod mto a single 
hyperbolic cone asymptotic to the 41-degnss lima 
whereas In Fig S they were separato but this is heoauiii 
in Fig 9 the ships lap by four-tontha of a length wbi reoa 
m Fig 8 they lapp^ by only a qnorUr length It is 
prolubto that a abghtly gnatir Up than four-tuithB 
would exaggerate the mutual dwtorbou of contoun 
and the devedopment of suotion foroee but the labor of 
computing even a singlo reUtave poMtion sroa so great 
os to be prolubiUvu of any comporaUve investigation 
of different ones In Fig 9 as in Fig 8 tho Utend 
distance between tho two oounee u a halt-length but 
In Fig 9 the beam of the shlpe reducee the mimmum dis- 
tanoe between hulls to about 0 385 of a length In both 
diagrams thn full line « ntonrs are those drasvn through 
eomputod pomU while the broken bnes indie ate where 
the iwntour was mterpoUtod by iwtiinate 
While Fig 9 givm tho best fonndatinn from which 
to estimato the effect of vanations from ito porttonUr 
anangeiiinit at dimeianoiu eif hulls tho nsulta of thu 
pqrtieular arrangement can best be setn in the form of 
piofllee of the watopdinre of the two ahipa-assuming 
agam that the computed pressures of Fig 9 might he 
translated into aetaal elevatioiu of water by the n moval 
of the imagi n a ry snperflei^ abeet of ice sntbout altering 
the vahisa Suoh profllna ore given In Fig 10 m which 
the vwlioal acata is exaggerated live-fold for betUr 
vWUIity They are plotted dnw-Uy from F« 9 
On aaeh proilU u shown a cunvenUoiul eentir of 
lateral inwaura C, taken at nne-Aftb the ship a length 
from the stem Companog the taro profllea, and r^ 


of lateral nsislun i wl i h is (X|s>siil to a heal of 
sivind fill if sat r pr ssim a img Ulirallv is ivcr 
whilininglv larger than nnv latoral fore a maginalli 
to lu dovoliped Iv ir u a rudd r It u ulUrlv iin 
praituall 1 1 build i rnaMgal slups ho ns to di fv sii ti m 
for IS rill M fir scan iil\ I u av nded mil that luly 
bv fircwight 

Bui til 111 Nit imp rtsnt qiiiHti n of all Why do 
not s K ti m eiU ins h qip ii fn ii ii ntly and why do 
they liajisn unixie tesih m aituatims apjiareiitlv m- 
lounUnd Inquintly I fm in safotvf nmams to be 
answered I ho ansser involvis the third wall of the 
Viiitiin jiassoge-wav iNtwiin the two stupe namilv 
thi Hia-boltom or else home equivalent outlying fae.tor 
nut yet brought into tho dise-usuon 

Figs 9 and 10 an liosrd upon a degree, of propmquity 
whinli IS uidoin reproduced in oetual navigation evin 
disn warding our mathimati al assiimptions ed liuagi 
nary ii i i tc That i« 1 1 say ships suldum move at full 
speed on parallel lourses within half or third a length 
of laeli otlier in water banlv suDloient to float them 
The explanation of wbv sui tion coUisiuns do not occur 
IS that even a moderate deepening of thi water Ixlow 
th ir ilraugbt rapidly moderates the foroes at ws’k 
■o that by tin lime the wate,r is deip enough to permit 
full spciod It lb doep i nougb to make fairly i loia o\i r 
lopping counas safe The ixplaiiatiun why siutiin 
coUuuoiu d> IK ur wbin they do la usually the fact that 
a modurate contnlmlion of solidity to thi slup s environ 
mont by sea-bottom or by a tbiird vessel or an neoen 
tuaUuD by I ven a slight eemvergence of exiunos in com 
potent to exagge rate bock mto eontrol tlicso fori cs u hie Ii 
the previous depth of water had rondired mncKiious 

For deep water while reducing the intensity of the 
eemstrained wbm loirmpoiidinglv m rcasei Us v >1 ime 
or extent and it also pinnits imreosed speed m Ihi 
part of the ship It is when thi ship passes suddi i Iv 
frini deep to shallow (or otherwise bimtod) water that 
trouble anscs Thu gnat volume of constrainid wan 
moving at a speed above that attainable by tlii slop in 
uniformW shallow watir piles up mto a degree of in 
tensity which It could never assume m uniformly slisll •» 
water If it begets duaster It does to by sii I li idv 
roleaaiiig an cnonnous nee uinuIaHon of enirgv whi li 
(he ship bos been oarrymg with her in additi in to tliai 
emrrently at work 

A gloM at Fig 9 will ihow bow rapidly all the aon- 
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ditioni ore^tbc Motion will be enanrnted by nny 
angular owing at tbe following ohip toward the leading 
one. The two pnnkote, 11 feet deep, on her port bow 
and starboard quarter am there WauM a ourplos of 
water U trying to get to its ultitnate dcetination, wliiah 
is 08 her port quarter, oh rapidly oh pnmlble. To give 
It the neewsoiy horisontal ooneloiation a drop in bead 
most oomir. But how much mom will this region off 
her port quarter look lU supply of water if the bow swings 
toward tho leading ship, cutting off the channel betwnen 
them, while the stern swings out, lengthening that route 
for the waterT 

But what most oommonly happens Is that while the 
aouTses remain parallel the shiiie nin over a hump In 
the sea bottom, or they pass a picr-liond or bank, wbiith, 
when oppiMite the trailing ship's starboard quarter, re¬ 
duces the pathway for water, and therofore deepens the 
puckol on that portion of tin' liull - the formi-r lining the 
more common cause of disaHter. Hiich a comhiimtion 
of eirouinstanccm will Instantly exaggerate into iincoti- 
ttollabillty suction hmes which [ireviously -perhaps 
during a isinsiilorolde period of overlapping -had pniven 
harmless. It nuiy Ini tliat the vague fear of suction, 
so oft™ nientiniKMl liy pilots as felt when steering sueh 
following ceiimes, had Imhui slillixl liy such iircceding 
pcriinl Ilf sis'unly, only for the olaxntlon of alertness 
just at the time when tbe ttlU'ralion in the depth of water 
created the real danger. Too nuiiiy siiotinn eollisions 
iNwur just where llie water sliiuils sligiitly to p<>rniit 
dlsn^ard of tliis faobir, altliough it is iininissilde to 
bring it into any mathninatical discussion Mur arc the 
data of actual difasten siiflicieutly oiH'iirate so that the 
shoal nan cftoii be hicatod exactly, in relation to the 
ihipi, when action occiirreil. Hut it is scldum that uii- 
qiiestlonalih) suction ooeiirs when only the two ships 
arc preaent, mimiunded by open water. 

A dmlUr conlnliutlng factor in many of tlie minor 
caana oociirriiig in American inland waters is a tliini 
vessel. Fig. 11 shows how such a eonihiiiation limy 
pruduco disaster. A and B ore sllips moving in the 
.name direction on imrallol isiiirses and overlapping. 
<7 is a third slii|i upon aiioth<<r parallel i‘<iiirse. If 0 
Iw moving in the some direction us A and II, B is pluiiily 
(from Fig. 9) stimriug in very iiiuitahiu equilibrium, 
soUlug steadily down-lilU into the iss-kct creab'd hy the 
dispkiaoinient of A and f’. The slightest swerve of fl’s 
besot towards A, ss at B', will not only starve tho Q 
region of water needed at K, ns would be true if C were 
nut prwient, but will trap on iiver-supply of water lie- 
tween «' and C, exaggerating tlie pis-ket at 0 and creat¬ 
ing on oiiditiuiial one at T. H'» head will lie crowdi>d 
biwards A and her Hb<rn and middle Nnly drown towards 
C with irnwiatihlH foraes, wliicli grow stronger with every 
ndditionol degree of swing. 

Not only ore thi>re soveroi iiistane<>s where this situa¬ 
tion has loit to disasUir after two of the tiiree shi|m (say 
A and B) hod soiknl closely but safely fur some time, 
hut thure ora a few eases where the oiilv piniisllile ex- 
plaimlion of on otherwise inexiilieahle sliisir of H into 
A was thot C liod exorbHl this same eltwl, even ullhough 
passing in tho opinisito direction. Tlicsi> nre all in tlm 
restricted ehannols connis-ting tlie (Ireai ljukes, used hy 
boats of lieavy binnngc; liut tlie spisMl was correspond¬ 
ingly hiw, a cirouiiislanisi minimising the danger of 
Hiietlon. 

Only two attcm|ita have lieeii mode, to the wribT's 
knowimign, ^t the ex|teriiiiental debirminaliun of suetioii 
fonn-s. One was tlie Taylor experiments witli rnudeis 
ill llio Woshiiigbm bjwing-taiik already nienthniod 
These uliw>rvatiims cunflniuHl in every way tlie hydraulic 
thimry already prosenbul. They were UiniUid in llieir 
eiliicatloiiul v^ue, however, by tlio fact that tbo iiuhIcIs 
wore fixed relatively bi each ntlicr, thus pn<venting any 
knowledge oa b> huw rapidly lliiiso fun-es are enluuieisl 
by tliu natural swing of tho vussuUi biwards eaeh other. 
Any determination of this a<-c(ilerotlon will, of noursc, be 
very diflicull; but since it is quibi impossilde by math- 
oniatlcal analysis, and is virtually Improclicablu even 
willi models (bccaiiso the jirimn question Is whether sueh 
oction oenure more or li>ss roiddly, m fuU-slzu ships, than 
the hiinmn organism can m-t), it is unfortunate that 
the ideal ships of the British or United States navies 
cannot be utillbsi for this purisnie. When suction won 
tile thing untiolimted and under measiirenuml, it would 
be easy bi moke tlie oxiierimout safev 

The other known sot of experiments was mode with 
actual veswls, if Hiiiall ones, liy I’ruf. A. H. Qibsun and 
Mr. i. H. Thompson (roporteil in Nnpincmnf, Septem¬ 
ber 'ZT, 1912). These ex|ierimimU also eorroborotod 
hydraulic theory in evwy mpccl. Their chief drawback 
woa the inequality m length between the two boats, os 
well ai their small sixa. One, a steam yooht, used os the 
liadiug viswel, was virtually three tiuies tbe length of 
tit* other, a motor boat. From Fig. 9 it will be ulivlous 
that It is important that the two ships )m at least similar 
in kmgtli. in one prominent euetion nollision, however- 
tho "Uruakton”-“Hartt"—the leading boat was much 
huger than the ottnuited boot; and in thla Instanne, too, 
OToee g beiBlIhil anunple of totawetlon betwem tbe eon- 


■tnined wave of the smaller boat and the eohelon wave 
of the larger (the two wavee being of similar length) ai 
the eontrihuting cause which eonverted on otherwise 
safe situation Into a disaetreui one. This oollision is 
further tbe more remarkable in that it neourred in oom- 
poratively deep water, outside Handy Hook, between 
veesels of nomperetlvety light drought. 

There trill be given a brief desoiiptlon of a few of (he 
more pniminenl or Ulustrotlve suction eoUislons. Any¬ 
one who haa studied the entire list of such reeorded dis¬ 
asters will he Impreseed with the clear way in whiob ell 
but a very few ore explieoblo os natural, if not inevitalde, 
phenomena, so soon os the foregoing hydraulic theory is 
appliisl. But ho win alno he im p r i s uei d with the variety 
of oomhinations of airoumalancea which may arine bi 

and thus to record tliemaeives in civil ouitn at law. These 
cuinbinatioDs ore too many to b« always romcmlierod, 
nor can the tint of possible ones be already exhausted 
Wc have not yet Hnished with auotion disasten. While 
uhaimels are contiauaily being deepened, longer, iliM'per, 
and more powerful hulls are appearing at an even higher 
rote of progresi. 

For these reasons the nibjent eonnot lie dismissed 
without at least a word as to the possibility of prevent¬ 
ing future suction eollisions. The general education 
of pilots is one obvious measure of relief, and it is to tiinl 
Olid that Uie preaent article is primarily aimed. But 
another more rumiol and reliable preventive is feasible, 
in the wriuir's belief, and this is on amendment to our 
interuallonal navigation tawa covering tho case of over¬ 
taking veeseis. The suggested amendment (which is 
offered tentatively, by one who is not a certiflcaUxl navi¬ 
gator) should ^eod to this effect: 

That when on overtaking vessel asks for and mu>ivcs 
from the leading vessel permission to pass, hy the ex- 
chauga of the usual signals, the acquieseenec of Ihe 
hwling veoael aboil enforce upon both vessels the slowing 
of tlieir engines, those of tho following vessel lieing n>- 
dueed to “half speed," and those of the leading viwel 
to "slow," which condition is to lie maintained until the 
overtaking vessel's stem has passed clear of theoveriakim 
vosstil's tiow. In restricted waters sucli u priM>rdiin‘ is 
the only safe alternative to the overtaking vessel reiiiaiii- 
iiig astern until wider ■eo-rnom has iMt-n reached. 

{To he coHoluied.) 

(tamBpavhtxvn 

[The rdllori are not rcsponsihle for tlatrmmtt made 
In the viirre»iutn4entt! eolumn. Anonfmout commnnl- 
,•01100) rannol bs contidvrrd, bnt the Homes of corre- 
iponAvnlt trill he tPlIhhrU when so desired.) 

The loductiiKe of a Coil 

To tbe Editor of the Hcikntipio Ahekican Biifplbmbnt: 

In the SciENTiric AisEnioAN Huppi.ement of Oetolier 
10, 1914, appeared an article by Kenneth Ilicbanlson, 
in which was given a funnula for the ealculmtlon of tho 
self-lndiietanee of a coil. 

I wish to sail attention to tho fact that the formula 
08 given is, ill general, inapplicable, and of no inroetioal 
use for tile purpose stated In the ortiele. It is "exact'' 


t cose 7 “ a certain value, where 


diameter, and 'T' is the length of the eoil. The qua 
lity “lOlA” has a ilifferent value for every change 

y. ITsing A" for "lOl.-V the formula may be writlo 


pm Diameter 
Tm Itodiiu 
Nm Total turns 
I m Length 

('olrulatiiig the inductonne at the above eoil by Nog- 
oaka’s formula we gat: |S,277.e9M-f nmtimtiten, or 
ia.877aBM mlcre-henrica. TUt value la egtiMMly le¬ 


oiimte, OB aheeklng with tho obooluta formala of Loniig, 
the diffarsnee is only 0X)61+ at one oendnietsr. 

Calculating the i^Andiiotanea of the some eoil by 
tba fommU: L - FC get 28.984 mloro-boD- 

rlei. Of the opproslmato salf-InductaiMM. 

From the fotegoing it is evident that tha error for a 
ooil In whiob y 2 Is approximataiy 95 pw eont. 


in the case of the ooil wbioh we oonsidcred where- > 2. 

In the above ease the snlf-lnduotanne b tha oairont 
sheet value and requiree a oorrectiuu, depending upon 
the sine of wire used, for tho true low frequency indnot- 
ance. if we UMi No. 4 B. and B. wire, the selfAnduct- 
ance will be 1.0546eH2 miao-benrles greater, approxi- 
rnatoly. Tbe low frequency inductance then b: 14.342-i- 
micro-henries. Knowing the self-indnotanoe exactly, 
the method of obtaining the dblectrio oonsUot m do- 
scribod by Mr. Rlohordoon b simple and should be 
suitable for amateurs. But tbe solf-inductanoo eonnot 
he calculated with tbe required acounoy by the formula 
given, excepting, oa bofore stated, bi the case of a coil 
Ilf certain dimensions. 

J. E. FxBDniCKi, 
Rl. I. C. Radhi, U. 8. N. 

Wb wish to call attention to tbe fact Uut we are In n 
jmslliou to render competent acrvlcea iu every branch 
of iwICDt or trade-mark work. Our ntaff b componed 
of mechanical, electrical and cliemical experts, thur- 
uughly trained to prepare and prosecute all patent aie 
pllcuticns. Irrespective of the cumplex rutnre of the 
Miiliject matter Involved, or of the apecbllaed, technlcul. 
nr HcIculUlc knowledge required therefor. 

We Also have assoebtes Uirougbout tho worhl, trlni 
iiKsIst III the p^slecutlon of patent and trado-mark n|e 
plicntloiia fllml In all countries foreign iu llie United 
HllllCM. 

Monk tt Co., 

Patent BoUvUore. 

301 Hrunilwny, 

New York, N, Y. 
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/, - Induclancc in ccntlinolets. 

AT. Total turns. 

T " Radius, eentimeturs. 

I m Length. ^ 

K m A constanl. depending in value upon — 

The imlcubtieii of tho coiutant A is a long and dif- 
Hcull matter and beyoud the ability of the avenge 
amateur rarlhi experimenter. likewise, the onlcubtion 
of the seif-induclauce of sbirt nolenoids is by no means 
simple when oiH-unte resulu ore required. 

To Illustrate by an example the error if ime usee the 
formula given by Mr. Hiehoidsun: 1 shall take a coil 
which would be suitabb for use os tho primary of an 
oscilbtKHi transformer for amstenrs. Dimensions of 
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Malaria and the Transmission of Diseases 

Radical Improvements Needed in Public Health Methods 


It In cnrlunN that thougb tlic trniuimliiliHi nt diiMie 
In a uuidfr u( Kuch vuhI liuiwit to nvce; one uf un, It 
tuiN rert'lvcxl mu little liiV(<MtlKatlun In tbe paMt Kren op 
tu tbc iiililillr of iBHt i«iilury oar Inqulrlee bad led iw 
little riirthcr tbnn irliat 1 call llie MUhucletK« of tbe 
Huliji*ct--lluil In, wc dlHtlnKulHbed. cluiuilfled, and lumed 
our varluiiH iKNllly liiflictiuiiii. Ilactcria are caHlly MB|iro- 
pliytlc and nwy buve uuiny palha of tranNiulHilun, and I 
fcur llMt wc lire mIIII very much In duuld ai to tbe moat 
ImiHirtiiMt of tlicMe numeriniN nnittm. 

Miiiuc of (lie liirxcNt lairuHitCM weru known in nntlqnlty, 
liul I lie nncIciilH laiMHcittuNl (iiilte a wruna niitinn of their 
iirlKlu, wlilcli llicy ntirlliiited In KrNiiitanronR Kcncratiua 
III Hill Novviiteciitb cciiliiry, hnwciiT, Itedi praved Ibat 
IIiIn hyiiullieHlN diN>N nut bold fur I'ertalii liiNcetii; and 
liili-r I'lilluH iiraniHl llmt luirUHlIi'M orlainnte ah tim, like 
ullH*r iiiiluuilH -tliiif In, tliHt ibeir ckkn cHcaia- from one 

biMl mid enter ..Ilier IiimI, tbuM kiedliiK directly to the 

prewince of the lainiNlleN in ibe latter. ThiN hlHtury 
INiHHlIily Htlll hublH for irrtalii piiraalleN; lint In 1780 
AblhlHiianl Nbuweil liy exiicrliueutN that Mime poraNlteN 
lit liKh live nut uiily In lluMe IImIi. lint ii iwrt of tbeir 
cxlHtence In cerlHln water fowl; and thlH exlraurdlnary 
biw, whieli may N' i-iilbHl after He Itarry’N lerui. Nllahtly 
ebaiiReil, tbe law of metn.xeiiy, wan proied UuriiiK the 
middle iif InHt ci'iilury lo apply to a larpe iitimlier of 
rintiNbn und t'eMl(xb>N. .snlnteiinently I>euekurt, Melnl- 
kiiir, iiihI iilherN exleiideil Ihu law to cover utber opreleH. 
liK'ludlim NimelHN of .NeniiiludcH. A moMt luiHirlant chimi 
wiiN that of tbe /''llaria miilinnuh, the biinoiiH milnea 
womi of man, whieb wim Nbown by FetlNclieiiko In isoil, 
fiillowliiit a Hiigipvaluu uf tieuckart, to lie In common 
with man and a witKir flea (Oyclopt). All thiN conatl- 
tiiletl a diHcorcry which was both roinurkalile In that 
It exIilblUa] the wniiOerfiil devleeN of iiatnre fur iirupa- 
initliiK latniNllea tniin Uixt to huMt, and wan iiImi of the 
hlKCNl IniiiortaiHv lo mankind (thonih few recotpilaed 
this iHitiit ut the lime) becnuac it Nbowol UH how many 
of onr arent diNetiKeN are likely lo be nniuiaaL 

Ia>l me dwell un Ihia poliit for a muiueiil. Huraatten, 
iiei'tiNlonied um Ihey are to dwell in the wife retrwitN 
of eerlain iiurtloiiM uf tbeir huMt'N body. niiiHt be expoHed 
to unait ilaiiKera whenever Ihey coino to lanw, an they 
iniiMt do, from one bidlvIdnHl hoat to nnolber. TIiun, If 
thiN imKNnKC In effnctml merely by the exit, it In obvlonn 
that Hie ckkn muNt bo iKiurad unt In liiimeiiHe uumbera 
to eiiiuiN'iiMatc for (heir Immenne deatmctlon uiiiidde the 
iMMly of lliu huHt, while It would alwaya lie probnhie that 
only a very mlmite proiKirtloii of the eam would ever 
lliid Iheir way aitalii Into frenh hoalN of the iwuper 
N|H>eh>M. In order lo avoid tbeae dlfllcultlpa, natiiri', I 
preHiime tlirouKh an Inllnite period of evolntlnn, baa 
ciiiililed many lainiMlteN lu acqulru a more aafe and 
eerlain route of entry—tliruUKb other aiilninln which 
aro UNNodated freiiucntly with Uielr llrat NiiecleN of 
hont llememher that naliire la br MiHeilomi fur )Nim- 
NllcN RH fur the hiKlicr animabi which nintiiln them. Nhc 
thtuka no more of man than uf Ihe mliime xerm whleh 
lufeata him. 

Fiillowlnx tipon the diKCovery of KeilNChcnko. Man- 
Mun In 1877 Hhowod that ttie embryoa of nnolber Fllaria 
III man (Ftiaria banciufU) develop In n aixiclea of mnn- 
•liillo, probably a Calea. The llfe-eyele of tbla paraalte, 
IIP III Ihe point tu which be carried It, was cloaely alml- 
liir lu that demoUMtrmted by FedBchenko for fiiUHia 
mvHiHriinlii; ami Hannon did not complete tbe atory. 
lyiMily, 111 1.8M), lAvemn made the mo^ Important dta- 
eiuery that malaria la aiatoelated with a minute pro- 
iiaiual parnHite of ilio blood; and bla utwerratloiu were 
riilluwcd by ihoHM Ilf Iinnllewakl and other* who ihowed 
Hull Nlmllar lainiHltcH are to lie foand In many anlmala. 

Uut up to tlH> lawl decade of last century wa atlll 
could form HCHrevIy aqy deltulte Idea la to bow the 
prutonial paraaltea paaa from one IndivMnal boat to 
auoiher. The law of mctaxeiiy which had been proyed 
to apply to many uf tbe larger paraalteH bad not been 
oxlendeil tu the Nmnller omw. In 1888, however, Hmitb 
and KlIboriH; dlacovered a amall paraalte called Pirn- 
pteaMa, In Ibe blood of cattle auimrlnjt from Tnu 
fever; and more than that ahowed that In aome nqralafl- 
ona way tbs Infection In carried fnm ox to ox hy BMna 
of certain cHttlc-ticlu—though they did not dem onatr ate 
In any way that theea paraaltea undergo a metaxeaew 
■tage of development In the tleka, and Indeed failed to 
and them at all in theoe aithropodn. In liM aim Bmea 
made hla famone dliicovery that the Tiyponoaomea of 
namna ire conveyed by certain tntae Olaa, bat Mir 
luaed that Ihe carriage la a meehanlctl one. And than 
Ihe matter reeled nntu the aoluUoo of the great mhlarla 


priHileto opened np to Ukm Intereeted a netr Held. 

We now turn to the inbjeet of aaalaria. BconomlcaUy. 
aa well aa medically, It la eertainly the moet important 
dlaeeae lu tbe tropl^ perbape In the world. It la found 
iilumot everywhere In hot cUmatei, and evoi In moot 
temperate cllmutee during the aommer. From atadatlcn 
we And that aa a broad general rale In malarloua coon- 
iriea aboat one third of the total popnlatlon auffer from 
attacka every year. Dut them) Oguea are merely baeed 
opuu recorda and do not cover the anormuua additional 
number uf patlmita who remain untreated. 

It U remarkable that even more than BO) yeara before 
CbrUt the auclcnu certainly were acquainted with one 
great law -iiamcly, that malaria la connected with iitag- 
limit water, Mitch aa nMmhea; and there am good 
gruuuda fur bellovlug that Empedoclea of Sicily actnally 
ilellvcred Helhiua from malaria by draining Its marahee 
or by tnnibig two riven into them. Thb knowledge 
Hccnm to have been gaueially bekl alnce ancient timet, 
ibuugb It muMt bave been aeqalred quite empirictlly; 
but Varru aud I'oluiMlla, at about the time of the Ohrla- 
tbiii era, actually auggested that the dlseoae la hi aoma 
way coiiiHwicd with Inaacta wbicb braed In marah e a, 
III more modern tlmeo, however, malaria be* been as- 
crihcii lo uoxIouB vapor* given off by atagnant coltectlona 
of water- -tbe hypoUiMla avtdeolly being that tbe polaon 
b Mime kind of chemical one. Even ten year* after 
laiveran'i dlacovery we were etlll completely Ignorant 
■IN to bow tbe malaria paraaiteN enter tbe bo^'. 

AI the same time, however, the bypotheaia originally 
but vaguely mooted by Vono aud Columella had boon 
Miiliiiog gnaiiiiL Indeed, Ijmci*! bad repeated the ■enia 
*ix-culiitluii lu 1717 and acema actually to have auapectrd 
ui<M.|illto«i and to bave atudled them, lu 1B8S Hr. A. 
F. A. King wrote a moat able paper on the rabject. In 
whicli be Kivra no lea* than ID reanon* why maeunitoes 
are likely lo carry malaria, lie thoogbi Ibat the In- 
M<ciH bring ibo polaon from the marah and bMMsnbite It 
Into men. Next year Ixivetan hlmaelf and Itobert Koch 
Indi'IieiuliHitly enunciated the aeaw apeculatlou, but 
Kiivc few miHun* and no experimeuM In anppoit of It 
Tavi }cHra Inter, however, htanaon repented Ihe hy- 
IniUichIh, hut In a different form. By tbli time (ISM) 
tlic |Mra*tlea of malarlu bad been very carefully atudled, 
II ml were aliown to twHseea, not only certain form* wblob' 
arc provided fur tbeir propagation In the human boat 
but ebra ulber furou which, when the blood la freibly 
drawu, emit aeverai ao-ealled flagella. Tbeae latter 
forma had really led Lavecan tu bla dlacovery, but their 
KMlnglcal HlgnlUcaace atlU rsmainud quite Deexplalned. 
Muiuwn now urged that the flagetbi given off from tbeae 
forma are roally flagellated npom; that when moa- 
uultoea Ingeat blood containing thsae forms tbe flageb 
luted apure* eacape In tbe iusect and enter lu Uaauep, 
where they ripen Into aome further unknown atage. 
Tlicn, ho thougbl, the Ineect diea two or three doya later 
uu the aurfiiue of the water, and thia later atage of the 
iwraattea eater* tbe water, and Anally riaea In the 
marah-mlai to Infect men. Obviooaly, tberefon^ Man- 
Non'a hyitotbeola waa quite different from King’*; the 
former thought that moeqaltoea derived tbe partalU 
from men aud tranaferred it to tbe monb, while King 
thought jniit tbe oppoolte. Neither really rMCbed the 
truth: both were half rtiriit, but half wrong. 

I waa And drawn to the malaria problem In the year 
18(0, when I obeerved daring active lervlce in Burma 
that the pravalenoe of malaria did not at all accord 
with the tbeoiy of the tsHnric and marah miasma. It 
the polaon te ^ven off In an aerial form, eltlier from 
wstar or from aoll, tbe disease ought to be almoet 
nnUotmly dtatriboted. Bach, bawever, la net tbe oua, 
and it really oomra prinripatly In very emhU epoU or 
pocketa, generally In done proximity to atagnant wator. 
TbiH In oM ttmOoa where I enbaaqueotly eerved my 
regUnent waa aavetely Inflleted. while otimr reglmentB, 
eeanely a mile dtetant rtmalned almoat entfrely froa. 

In IBOT I obetmd another variety, wbldi 1 colled 
dappled winged moaqultoea, and wUdi everyou now 
known wore Anophelteai. I lint eaw tbeoa In u in- 
tnaely molixlona qnartar near Ootacamnnd, whan 1 
myaeU aogolnd malaria daring mj IsTstiggtkaMi A 
few montha later 1 obtained ai|ht o( thne Inoeeli u 
Beenndttabnd, and eapbiyed than fw my nanil apart- 
menta. Hx off thorn died at garo hod iT-nirtliTW On 
Angnat POth, UBT, I wu as tortanata u to Bad ji 
Uit tiMea «( OBO Off Cheoa In aeat e , tor day* aflar It 
hod bten fled opoa ■ oua ad aulula, oartala hodlag 
which I hod navec pbaarred tai mnaqiilliM baCeca. Itaa 
contatawd tta cha iau l l a lhi plfmwt e< tta eularta 
paroBlto. Naxt day, tta Plat, I frmnd the aaaea bedlai 
in tba lift meognlio of aiy bueb ot alght-only W 


weia now lorgar and more deflnit s. A llttla latar I 
found tba nama bodlaa In two nmra eeeaqa l teea and 
knew that I’ waa on the right track: I Mt that Ou 
two unknown qnanUtiea ct thla complex egnatlan hod 
been elmnltaiieaiMly foand—the epedee off moaqnlto 
which carriee malaria, and tbe poeltloa whhfr tbe 
parasltee take In Ita tUsnee, namely, the wall ot the 

Unfortnnatrty, my work waa now Intorraptod tor 
nearly olx mootbe. Just at a potnt when 1 expected 
to nncarel the whole hlatory ot the malaria paroaltee 
In a few weeki; and It woi not mtU Hoiob oC next 
year that 1 woe able to take np tbe thread apain In 
Caicntta. In a very abort time 1 was able to demon- 
atrate the ptcNenoe In moaqaltoae of piimtatod hodtea 
derived from the allied parasites. These bodtae were 
found to grow legnlarly during om weM after the In- 
aecta had been fed; to reach matnrlty, and to pyodnea 
a number ot elongated qiocee. Now came on Intensely 
exridiif mameuL What happens to thass qMnvf Ao- 
cording to Manaon’a hypotbeila, tiny ought to Ubenta 
tbemNelveM lo the water In which the Ineacta died; bat 
I bad now shown that the Ineecii did not die after 
two or three days aa he auppoaed, but may live for 
weeki. I attempted to flollow tbe aporei In all dlrec- 
ttoui throngb the Inaecta’ tUam*, into tbe lower Intee- 
tlne, and even Into the egg. On Jnly 4tb, IflSe, how- 
over, 1 observed the tact that the sporea enbtr tha In- 
eecta' salivary or polaon glanda. The tuU troth won 
now Immediately dladcaed, and proved to be tar more 
wonderfnl than, any of n* bad ever dreamed of. The 
paraaltea are not only taken fnan mnn by the moa- 
itnttoea aa Uanaon had tappoaed and an'not only put 
into man by tbe moaqnltoee ae King had aappoeed; bat 
both hypatbesw axe true, and the Insect carries the 
paiaaites directly from man to man. Hera waa 
luorely another cnio ct tbe great law of metaxeay— 
which, however, waa now proved for the lint time to 
bold good for pratuBoal panritH. The malaria iwn- 
Nltas, like many laiga onea, require two beeta for their 
ilfa^yde. 

In July and Aognat 1 Infected 23 oat of 28 healthy 
hlida by the meana of the htt«a ot Infected CmIoo— 
thns completing the whole story In detail. Tree, that 
was done with birda' malaria, and I had only aeen the 
Unit etepe of the procem with regard to baman malaria; 
but any goologtat wUi know that with meb dowly 
allied spedee the Ufe-cyde of cue la sore to be almoet 
pxeetly elmllar to tbe llftHyde of tbe other. Hy work 
wa* now Interrupted again, and for nearly a whole 
year; and U waa not until Angnat, UW, that I waa able 
to show directly that tho human pnraattoa have exactly 
the same developnienL Heontliae, however, Koch and 
Ihinlebi had cunBrmed my work on birds’ malaria; and 
certain Italian worketa repeated It with regard to tba 
human paraaltee, even to cnualng Infection In healthy 
bnman bdnga (Norenber, 18U8), three moathe after 
my etmUar work with tarda. 

A very Important dlwmrery bod been maantime made 
quite independently by ItacOalhm and Opte in America 
(UD7) who Ihowed that the bodies wUch itanMin had 
tbonght vrere flogaUated apera were really qwnno. 
Tbua the large plgmentad cdla whidi 1 had ftmnd In 
moeqaltoea at the aome dote wen really fertiUaad 
maerogametea. TUe gave a mnch more comet aoo- 
logical lateipretatioa to my phenomena; hot did not 
otherwiae dlatorb the bktory eritlch X had awianalnedL 

The discovery of the fnU lUe<yde ot the paraettaa 
eraNea u, not only to tbe ronta of tnfaation, 

bnt to determine exactly whteh Medea of aaoaqaltoca 
onaeMflnsd. Hnaa than tbe work of many obaervm 
haa abown that out of aboat OUO OnlloUm ooly aboiit 
25 apedaa carry malaria, and that aU of thorn bdeog 
to tbe Aa n g b a lln m. Bo that for the prtrontiaa ot 
mlarla wa an not oUlfad te deal ^ moaqnltota In 
geoaral, bat oily with paitieolar Machm 

Aaothar. dlaocwaMi oimaariiad 'wl|]i one of tba moat 

waa mods by Boad. OariMl, LaMar, and Agruaeoto 
daring tba mat days of lata wtary. WlOeot knowing 
tba nanthra agant of that dtaiaai^ May yet abowM 

by diieta MParimpota OB kxMu bataii tbot tba Ihfee- 

tioa la doMad ffitoatiy (km man to man by anafbar 


r'lVpellMdri wMrocIBedby tbAobiS 


WM kdlr^antalMd by the faqt iBtal ttagataybi'hayed 

M krt^ aadHttOM of water rOMAMo^AS 
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New Light on the Great Toothed Divers of America 

Remarkable Bird Forms of Prehistoric Times 
By R. W. Shufeldt, M. D.* 

inn pa<it iIm Horld lias knonn nf Trof mU rtt/ulh and IththiiamU victor ha^« been publlnhed mrllki imiMIpit thnt pnrtniileil hirmllp from tb« $Utt 


MiiinIih iliNnjviM i>f Ibi rnilhed blidn lliel 
I niiiuhiN Nliimid Ibim tii boluiiR |iiliirl|inllt to Iwi 
It Mimmlml giimiM uf lilid funuH Lllliir nne o 
IHiMNmiliiK (bi L\lrniirdliiui), thuiigh uni nltv 
I iifiliMikiil fill phnniilLi ut tiui tiilh IhW dlx 
n nnN luiiiU In ]''TU lln rihillH hii\lng hiiii iib 


fir hIIIi tekl uiatrer about tliMi) In ucoilt evor> qua 
wo Ilf tlie Klolie til neural amirm of tniiRUM Thev ta 
uf iiiqNamI mil oiil} In all HOrtH uf w h iilllii InHikh bu 
tu iiei} ilo} uiaKarlimi an null hh In atboiil and col 


n nna luiiiU In l''TU lln fnailla haling hiin iib I'nif Manh maite hiiuh iiii nnforhinnte eirorh 
ml iiiui Ibi Sniiik) mil niiPi 111 wihUiii KaiiHiiH the llie auniiKuiinM luluinu JuhI lefirreil lu fin hi ii 

bn Mill re ni llnil Ihnl iieiiliiKlial hiirlrini uf the iiuuiiced tiint tiu. Wiiithlouii ihanuteia Heiii In lli 

kill (nlaiiuiiH kiiiiMii iii tin I'etiininvIiHi Kmle priumin Mhuiilil iiniimblv hi nRunled bh irlihiU'euf it 

H the I retaceunt furmatlnn Is enrllir than Iht baMi ulHiilt} and In tlila ibm llttpituiHtt mimiIU In mu 

lilt iinil thi latloi hniliiK an u,io uf huum Ibret mil Mali) a tHriiltuniiui HwIniuiliiK uHlriili 

. \ I’nif Mniali 


ucoilt eror> qnarter of llu bmli, It Munbl hare been quite Impounlbla tor it 

F tiiiiRuea Thev have tu have iierfuimed anv anch fent \a tu the tall and 

Miliiilllii iMMikh but In feet pn n ilu> inohably aie miiih nanier the truth 

In MtbiMil and colli i.e Hint Hicptiomu hiul a big tall isjuiiiiied of tnu 

feathtn thtie tan be mi (limbt lu the world, while Ita 
unfortunate eirore In nebbed fret each iwiailhly having {be contimi ot the 
irretl to foi hi an coiuiuiaiita foot vvon neviilliileiw, Mliuctuiall) more 

araiteiN iteiii In Urn llhil> ot Ihi kind ml find In anv uf the great modem 

sled BH iTldints>uf itnl illreiH anch m. out aital uorthem diver or loon (thiviH 


Mv luUifNt In thlK HUbJi-ct has been lecenllv r 



rtlile Kiliqied up In ittveml iMrtleulira aliina I'll 2—Aketeh given to ahow tho auct locaUtjr 
llmsi of the dlaeovery and the goalogieal formation. By 

, iiKo bn INNO I pnhllsbtsl in thi fiHtwip tfngo anther. 

vfM \iirL (Itv an article entitled Knlheretl 

r iJihir l)a\a III which nnmerouH IlmireH, 4renielv IntemillnR Mhen taken In cmiiu<ctlun with tmr 
louH of mv nwii diawlnga, appeared Vminig atndlaw of Rtc p t nn it 

1 a nhtiiratltm nf Hnp<romit irotltA which llv naeunli n|Niu ihbi fuaall baa been eumplrred and 
t the blnl peieheil iqion a partially rahmeraed friiv llluHtrated It Will apiiear, later on In We lat 
the water Hie attitude wan anmeeted bv of wlilcb Dr Wltmer Htone la the editor The eaart 
1 tigun of ilie FbHida ( ormorant aa I have Inralltr where tWa fooril waa fimnd la abown in Fig 2 
aald ami ihla waa emanieiited npnn, veara nf the preaent article The eiaet aput la tbera Indl- 
IV rorresinndenre with the late Prof Alfred rated, wbleb la aeeii to bo tbe bed amtgned to the Olag 


1 ^ „ elHiwheic aald ami thla waa comnieiited npnn, veara nf the preaent article The eiaet aput la tbera Indl- 

big I —The lerallly w Uog Creek la Montaaa nm In mv rurres|nndenee with tbe late Prof Alfred ented, wbleb la aeeii to bo tbe bed amtgned to tbn Olag 

where the fcooil •" »•"" F «"f f aobrtdge, Ragland No loon would gHl fomiatlon; It te a marliie urns oud at Ibfai point la 

diver waa dlaoaodted. Photo by Chorlco W. Oil- he llkilv lo dlmb up on a limb of a aanken trao In ony overlain by tbe ffeab water dapoott of Uw dadUb Blvof 

»«* wanner, indeed, OB tb* li^ c< Jfaapmwwti war* nmot iBieovaclaa «» to ohow tfeot Own gmt aaoMB 
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kKMM with tMtb bad. Id crataeooua Ume, « v«ry wide 
mice orer tho country now hnown to uh n» western 
North AmericDi and timt then* were ])rulMhly iiiiroerous 
H|iech!M of them, as 1 have ituliiled out In iwiiere which, 
at tlw imiieut time, have been oceetited for iiuliUentlon. 

Hardly bad 1 flnlHbed with the iliReoverial malerlul 
Just referred to when I received fnna luy dial |iiKulKhe<| 
(rieud. Mr. Oerhanl llolliuaiiii of ('oiKoiluiBeii. the third 
lairt of bta ezoelleiit work luiw ladtiir iiuhllKlied on “dor 
Preaeut Knowleilke of the ttrlaln of UlrdH" In the nttl- 
dal Organ of tho Daulah OrnItholoKicnl Scrlely. TIiIh 
very thouKlitful and imiiiatnkliiK idnv of work tniiliiliiH 
mneh thot la both new niid InterestliiR In reimnl to 
Ui'tperunrtt. tor Mr. Ilidimnnn la one win) la not autla- 




Hiu)ile. the iiinount of nuii-wnlery aubatauev i(ulue<l In 
one hundred iiliinb) waa: 

Wltli nnJIi. aillvi- With water mrt 
water. radin-ai-tive. 

I’lainii iirtena(>. 118.7.1 r. 21.17 R. 

VIelil tulm . 12S.N7K. IIU.dnR. 

I.niiliina iiiiRiiatirollna.. .17.111 R. 18.4riR. 

llonlcoin illatli'hniii_ Itn.slR. O.iWr. 

or ivHirae the dn-llne In tlie ai-tirlly. iia tline went 
on. Ilf the nei|H<etlve wiitera waa liikeu Into Heeirtint. 
llurlnR no e\iM>rlnient whb-h Inalial 21 dnya extra be 
rreuaea in niin-wiili'ry aiiltatniiiv of la-tween (Cl and l-IH 
la-r vent wen- nolwl In b-ntlla. |a-iia. hihI wheat If. 
IhoiiRli. the WHii-r natal wiia tiai atrmiRly fliletl with 
radio NctIvIO :m to Ikk) oiuehe iinlla |a>r llb-r n- 
ni-wial i-tery fourth diiy—the n-anit waa rererwal. It 
4-1111 Ro an far that (he b-aii-a lieeonio q rcililbih brown, 
I lint la, the ehlorophyll la diaaimpoaial. 

Our lu\i-HtlRiilor found. In lairlli-uliir. In the iirtalui-- 


Flg. 4y—Left lateral view of the akuU and leading seven cervical vertebne ot Heaperombt reiaHa; leas 
than half natural nlie. By the author after Marsh. 

J‘m0, pmnaalllary; n.a , iiaaal upi-rturci n, iiiual; i, laeryniul-, /, rniuUI*. to./, iDh-roritlUl (aronicii: p, lairli-UI; 
at), HUpnoa-rlpItal; 4, (li'iitary. pi, luilatliu-.- up, aiilrnlal. »a, aiirutiRUlar,-«. aiiRUlar, iiaailratu-jiiRal; er, artliailar: 
V, quadmti-i ha, lutanaaIpitnl, nl, atlna nr lint tajriliul vertebra , at, aala ur maaiuil tairvlml tarltibni; iee-Tar, tlio tbini 
hi tho aovoiiUi cervical verh-bra-, lotlualvo 


Ikal Iinlutn he Roes to the xery Uittom of (hliusa, in 
in,v oidiiltqi IliU untiinillal'a taiuct-plloii of xvliiit kind of 
H bird, ln<-lndln« Its alriictun-, tlila Rbint, cn-laeeotui 
liHin wus llko now aliiiida iiniung Uie beat of lliuae uhlc-b 
luivc uiitMwrcd up to date. 

•Vm did H'Aruy Thnnutaoii and I, or even more tbor- 
iitiKhly, Mr. Iluiluianii hits cuminn-d (he material ua 
Riven iin by Marah In bta OdoafoniUAea, reprenenlbiR 
lii-aitenimla wllb Uio tiirreaiaintlluR akelelal atroetiirea 
of liwiia, cormorants and other birds. This esbausllvo 
atiidy oolivlm-ed Mr. Ileltmntui Ibut the nearest lIvlllR 
allies of the t-retacetnia loons nn- the larRo dlvera of tho 
present nvlfauun, tia (lavia niid Ita near ollloa in tho 
aiiiiie family and Rt-iina. lie la of tlie tiidnlon that the 
h-t-t of llruprniiiup were, fianiiU-tely webla-d aa In the 
eiirnioraiita, wbleh vb«w I do not retaill hnvUiR seen ud- 
vaiii-eil by any Amerleali pnliiainilthologUt Tluit the true 
fenllii-r elena-nta an- futind In tlia chicks of ostriches 
iiimI their near ollb-a. the emus. eaasowHrica. etc., and 
lulsaliiR In the ndiilt forma, la cxia-llent evidence iwlnt- 
liiR to tlic foct thnt tlit-ai- now fllRlitleas blrtla nro 
di-Hcnndcd from forms which |aissoniK>d the power of 
lIlRbt as n-ell devcbiiavl hm In sny of I he beat fliers of 
Ilu. nrooent dnv. ,1a they. Ill Iliac, lost Ibe laiwor, tho 


of a|Nila. luid tlieao are loat when the bird or luamuuil 
iiaanniea lla adult colorHtloii. This la well exi-mpllllcd 
111 lilt- youiiR of the loona, llie omua. Ibe i-amuwarlcM, 
mid. uuiuiiR uuimiuttta. Hie laidra, the dn-r, the wart 
hoRH, ele. Ill Hoiutt diH-r tho lunnltudliuil Hpottliitf re- 
imiliia Ibl'iMiRliout life, nn Id Um ails deer (Ccrvuii 
aaU), 

Now, it bi a well-cNtHbllahed law In phyloRi-iiy that 
itry frequently the iumpif of etMina mammNla Hud 
lilrda lUMtuDO n lelaim <ir a iilumaRC which eloaidy ro- 
MHulilea the coloration of the nrfuNs of their very reniidu 
Nlict-alora, TMn In-Iiir the enav, and ca|ieelally iia the 
youiiR exIatiiiR IiKMiH uro allotted, it la quite or evi-ii 
more tliHii likely lliat the nneoator, Hitpvrumii. of our 
lin-aent-tbiy Iimiun bad rows of loiiRlIadtiial siiuta ailown 
lla iiiiper iMria, and. ns I any. on a Rrnund color of u 
liluek or n bluish or Rnenlah binck. 

Mr. Ilcllmniin nldy adranceH this theory In bia work; 
1 fall to see any renaiin for Its not luirtnR taen Hie c-iiae. 
nikI u Rtaal deal of likelihood that It'wns. In P'Ir. 11 of 
(he (ireaeiit article I iircaeiit n ph«lnRTn|d)li- reiirialiK-- 
Hfiii I made from a plnte In hla fun 111, which wna 
iiiiide from bia oriRliiNl pnlatliw of n Rroup of crelncenna 
ItKiiiH (lleaporomUi), ns they may have appeared ilnr- 



hlgheat degree; for If this were not tho case they were 
never birds nt all, but aulmala of some kind, na Ihoae 
of somo reptilian ordor. A banntifiil living example of 
II bird that b» now losinR lU flight la Harris’s Cormorant 
( Vannopltyniw karrltl) of the tlnlapsgoa Island. This 
bird la a true cormorant which, with Its atrophied, 
doRonwatod wings, is thorouRhIy Incapobic of flight Its 
wings bavo gradually bocoino ahmuken from noii-uso; 
and, nlthtoigb perfect aa wIurs, they have lieeomc use- 
leas to the bird for the reatsm that they are nowliere 
iii-ar largo enough for ths nse-of a blrtl ns big and heavy 
UK (hla cormorant. Us wlngA were not ncedwl beenuse 
I bo bird, being a fithtr, on lonely lalsuds wlu-ro It luid 
iKi enemies, very rarely took to flight, and aa a conao- 
qiNnee the unused limbs gradually shrunk In slue until 
the bird could not fly, even hud It the dealrt- to do mo. 
Recently I prepared an aoconnt of Hio gki-lelon of this 
cormorant end it will soon be pnbllslied by the ZooIor- 
Inl Hodety of New Ronth Weles. Australia. In the 
lilates Mcampanylng It tho atrot*led nlng-lsmcs arc 
well contrtieted with the twt of the skeU-lon and exhibit 
their diminutive elw and foeble development. 

When we cone te dlneges tho color of the plumage of 
HcaptronUt ngatU we not only pass into the renim of 
pure conjeetnre, but wo are, at the aemo time, con- 
franted wWi • question nbout which very little has 
lawn written. AB of our now-mlatlng American divers 
(Pjyfapodet) have wWhi helllen. no U In fair to preimine 
Uiat tUg ehtliiulrtW PMU «* Bmpannit regrtto were 


shown In Ktg. 3, wlileh I pbotograpbleally t-oiiteil 
fnmi Marah'a plate, retlueuil In the aanie protairllnn aa 
Ktg. 4 (I'inte X.\. OdoMtomUltci}, and which gtrea (he 
i-iillre akclntoii half nntural also. In my ngurea Iho 
liiillvldnnl boni« are lettered, their nnmen IteliiR given 
III the legeniL 'rbiu baa never laien done iH-fiirr In lln- 
i-nae of this extinct, lotithed, cretaceous liain. anil I Inial 
It will be of use to comimrative avian naliailiiglHla. 

RMlkHActlTe FertUberg 

HeignTiric fnniH-ra will lie Inti-n-aliHl In the a<-- 
4-inint given In the Vhrmlkrr-Xrllnug of till- cx|a-ri- 
inontH mado by l*nif. Hr. Jiillna Rtis-kluou to detenulne 
the liillueiH.-p Ilf radlo-ni-tive fertlllai-ni iiiain the growth 
of idniitM. TIn-iie exiK-rimi-iila were enrrieii on for h 
iiiimlier of yi-nra imrlly under KlaaH. partly In Belila set 
iialile for tlie px|s>rlmriita, nml Im-luiled the nae IhiHi of 
iiatiirHl rndlieniihataneen (aiieh na mnaturan from 
Jonrhlmathnl. wnler from the aame plaiw. and alan 
water from nrambai-li and Frnnnenalmdl niid of nrtl- 
lletnl aoluHona (ain-b na i-hloride of radium). In hla 
earlier exiNTlmenta l>r. Wis-klnan ohialneil rmiNlilerable 
Inen-aae In Hie slxe of the plaiitn hy nalug deti-rnillied 
Niul mil tisi atnaiR treatiueuta iuntalnlng nitrate of 
urauyl ami ntlratc of lead. Similar ex|N-riments wem- 
nlsii made by othi-r Inreatlgatora wrlth ■■atlmnlBHng" or 
‘■i-nlBljtli-” np-iita. na Hiey wen- foniiert.v i-allwl. Htia-k- 
ItM then went Hytih!iiiath.-aUy to work to Inveiitlgate 


Hon of ai-dl thnt by wiiteriiig with a ruillo-wnter of 
iilNinl nil til lUO inaelie iinita pi-r liter the yield i-an be 
liii-n-iiaial from (H to 117 is-r eenU 

Ktin'klnaii hImii bivcatlpitial with the aid of glnaa 

eovi-ra I.. Hie i-ITi-et of radlo-iii'llvc air 

uiHiii Hie develoiHiii-iil of plants, llalng exni-tly thv 
aiiiiii- soil he Murniiindeil the iiImiiIs wllb eylliirirtenl 
gliiaa-lH-lla Into wideh nn emanation waa Introdnccd. 
Till- n-anlt abowei] that then.- was n mon- rapid dcvoloii- 
nii-iil Ilf the hloNNuniM In Uio active nir. 

'I’lii-ai- ex|s.>rimenta are, therefore, nut only moot lii- 
teri-aHiig from ii wIi-iillAe lailnt of view, Init have also 
gn-iit iirnelh'iil value, Agrieultuml cxperimeiila with 
riidlieni'Hve fi-rlllln-rs have tiei-n made la-fore thla, Imt 
It winild aii-in Hint the moat of aiii-h work muat aUll lie 
left for II Hiui- to Hm exiierimi.-iital stutlona. At Hie 
lin-ai-iit uimiii-iit it only iwya to use such a fertlllM-r 
where the nature nf the anil la aiiltiiblc In Itoelf. Onr 
liivearlgahir aa,va further (list Hie rudlo-aetlvo treatmmit 
lliliat he iiiljiiatial to Hu- nutritive auliaUllii-ea of llio 
anil Hiid to till- generni ihiimHIupd(m of vi-getatioli. 

All Eleclrictlly Driven Warablp 

Am a n-aiill of the aiivi-i'aarul oia-nillou uf the electric 

laivvi-r .. hi uai- on tin- 1'. N. naval i-ulller “Jiiplti-r." 

It liiiH 10.-1-11 ... h.v the Nav.v Hepurtment tliat tho 

aiiini- gi-iieriil »vaii-iii will la- liiatalli-d In the new Huper- 
iln-iiiliiuiiglii 'I'lilironilM ” Tlila will be the flrnt elec- 
lrif-all.v driven wiiralilp, mid It will have a mlnlmnm 
aio-eil lit 21 liliota. 



Fig. S.—A group of rretaceone loona (Hcaper- 
ornla rrgalla) aa they appeared three or four 
million yearn ago. Restoration by Gerhard Hell- 
mann of Copenhagen, nnd rrprodaeed from n 
photograph ^ the kuthor. 
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Military Surgery 

Some Lessons Taught by the Present War 

By Our 30*110 Correspondent 

Dr Pate Um odebntod Laipus lunreon reinntiv Miwi iihiiiii thmueh the nank un benign though tbm grantMt ean tboold/n any onM be iiatd m rnnewiSg (bn 


delivered a remarkable leoture before the war lomi- 
■pondonte of Uie Oermany army on hie ptmonal oxpen- 
eooo ID (he flpld He hae from the vi ry beginning of 
the war devoted to the military autbontHa thi whole 
of bia tima and hia ixeeptional knowledge and m hia 
oapaoity aa Qenenl Burgeon to the Baxon army hi haa 
been In a poaition to rolleot llie moat valualdo < xpi ru m e 
In fart hia liotuie of whub an ahalnw t lo given in the 
following may bo panudin.d aa the moat autbonlativo 
atatonu nt yi t made publu on the leiaona taught by the 
preaent war in thi Sold of military antgory 
Tbe Icamid pmfeaaor at flnit lautioned hia hearera 
Rgainat the nianj ilrawbaeki of military auigery Thera 
waa pnmanly llii iliffliulty of watehing the oonrao of 
a givin eaae patuiiU lieug often lent Might of two or 
three Haya after an opiration no that the auooeaa of the 
lattir lannol alwaya bo awnrtalned Kurthor there la 
a nak of Uie aurgi on being bampi red in hia work by nheer 
M nipulouani aa antiapetie nindiUona boiiig of onuma 
far haa aatiefaeUiry than at hoim in hia own ebnio 
Anothir nak flnaliy la the unavoidable niah of work 
whub may indiite tiu aiirginn to pnaend in nperatMin 
williiiul mature loiiaidi ration of ailual < in iimataiieoH 
Ibi pnijiitilia lonerrood in Uh (uw of bulb t-wounda 
an infantry pnijiitilea ahrapnel huUeta ahell frag- 
moDta hiunh fragmimta and aeroplane arrowa lu theae 
ahoiild Ik oddid dumdum pmjoetilia biiUnta deflootml 
from Ihcir onginat oourae and what might be tMTned in* 
dimt projmtilea vix fragmenU of rlothlng oolnn and 
otbi r olijiwU from the aoldier a piK kita whieh have been 
foreod into the wonnd llie < ffeit of projer tiloa mainly 
deiMndn on their pntiuaaivo fone aire ahapo mabnal 
dim thin and goal aa will aa on tho number flmuuaa 
and Unnion of the organa atriK k 
The aeroidaDe arrow n a new weapon wbu h haa made 
ita flrat apptwranoe in tho preeent war It la a ateel 
rod of the thickni aa of a penoil with pointed ahaft The 
Kar<nd la gmo\ d out aquaro ao tliat the peint laheaNler 
than thi ind \a an amia auch aa thii falla vertlcallv 
to Ihi gruiinl (mill a hiikht of aav 1 'iOO moUra It 
will reaih a a|Hid of JOO mitera p« sorond whuh la 
iquivahnt ti the vd i it) of a nfle bullet In faet the 
wuunda mwlo h\ thi ai arrowa ara very aenoua 
Afinrding tc an old ilaaaifliatiou tho leiturer die* 
I itixuiHhes HIV I ral 1 ati K HU a of ahuta Rii in hi ta when 
till pn ]»till dm H II 1 pi nelrato into tho hodv em 
laddial all Ih ( Stiv hHohUiaie ) when the projiilile 
atiika faal in tin Wv and pnning ahota ( Dun ha 
iliuHM ) will the pmji I tile puma the body and enmia 
out at till otlii r mil 1 he degree of harm doni lo the 
liKHUia and irgaiw olivuHiHly deponda on a number of 
BiiiHhiH'v iinumatan la It waa thought m former 
tiniLa that bliad viaaela lould bend out of the way of 
projci tilia Howi vi r modem infantry projertiloe have 
iMen found to penilraU right tlmough the veaaela even 
amall arlnrlM whow duuni ter doea nut exeotd that of a 
quiU being pimdd Thia la why a far greater number 
of artery U aiona have to be dealt antli in the preaent war 
Wounda made bv modem pro]erttIaa m bones and 
joints ate of eapei ud importance At abort range bonea 
will ha Bhatbrod into a number of ftagmonla Aa the 
dialaii I imneam tliiM la a growing tendimv fur the 
IHojiitdes to lUine thi lame and juat to imdiiro one 
It tw) iradm in the luighhnrhood of the bull The 
lone tubular bom a whieh are hard aa ivory will he split 
ivin at virv eoiimdimhli diatanee any 1(100-1800 
niilim whenaa ImiHa of a tnnn spongy texture, aueh aa 
thi j ml Ilf the knee an piened smoothly Tbia U 
why ahota tluuiigh tin joints take a relatively benign 

Ihf iMHBiblo alfwta of ahot'Wonnda nro hemorrhage 
INun ahoLk mutilation anil death Aa regnrda pain 
It la ohv KHialy am ng the fore moat dnttaa of Um aurgMO 
in war to ace that tho wiiundod may aa aoim aa peaaibla 
get tbi lineflt Ilf allevialing lemedM. The geneml 
pnutue niw IS to admiiuater at the earUeat poanbla 
moment a morphine injootlon 
Modem aarfan la liable to rault in a ipeatal abund- 
anee of wuunda if thi head, aoldion on firing from Um 
I nnohta having ii advance their hMda There ate 
two distil cl 1} |a a uf hiad ahota vu on one »!«■<( am* 
Inalded and piin mg ahnU in thi ease of whieh the bad* 
let tnvi rwa the beaH ihni tly or stioks fast in the tkuU 
or brain and on ihi i thcr tangi ntial or groove' ahota, 
when thepmjretilp lu it w n jilowa a groove thraugfa 
the skull bone Taogeiibal ahota shonlil bt tieah d dtf- 
fi renth fn m embeilded aud pion mg shots bona frag- 
menu m vm<d by the buDet pmdui ing imwiieall} alnaya 
aerloitt infeetion 


an some vital organa enneemnd blood veaaela oervee 
aninal mamiw, and the oesophagus and windpipe If 
the windpipe and larynx are aifneted operation ehould 
bn pm eed^ with as promptly aa poaaiblH thus prevent* 
mg any nak of atiflmg 

Hhota through the chatt are of all abuts dealt with 
in modem warfare theae moil easily treated The 
Japanme nnnd to say that their men In the ease of simple 
hroaat ahota < nuld return to the flnng luo after a weak 
or ao Aeeording to Dorman expenenee m the preianl 
war suoh patients even in oaae the lunge have been 
pierced wiU at leaat be tranaportaUe after ten to four¬ 
teen doyi Though they may fw some days go on 
coughing out blood they will m no oav be moonvemenced 
aa far as tbeir geamal eondibon is oonoomed If the 
heart or aorta haa been atruok the auiguona aid of 
oourao ta of no avail aueh pabenta being brought in too 
late from the battle-field Whereas m umo uf peaie 
It la qmte foaaibVe to remove a prajeotilo from tho heart 
Having the pationt s bfo by a heart suture any allompl 
at suoh an operation in warfan would he futile As it 
M modvwn pmjoalihM are douhtbsa more hiiniano In 
their nffei ta than the toad buUi ta of old and provided 
tbe niM have not liann injured tho wouniii d i an after 
quits a short Itnu bn restored to full fighting ability 

Shots through the abdomen are an item much dis 
eimaed m modem war surgoty In time of peaeo it is 
an absolute rule to operate aa toon aa poesiUe by means 
of a out through tho abdomen thus staying tho blood 
anil hy opening part of tho stomach and tiie intmbnea 
to make ^ wound inoffonttvo and prevent any infootlnn 
liable to nsult in pintonltis Already the Rnnth Afri* 

I an war however has shown auch ahota to bo mcHo 
lienign m case operation la foregone In fart them are 
a number of inataooea in the present war in which good 
maults were obtainod by a very simple treatmnnt 
the patient being kept for a week abaoluUlv quiet and 
without food or itnnk When this hmit was not obaerved 
the oondiliun of Uu patient would invariably becomo 
wofie 

The lecturer naxt pmoeeded to niuwir tbe question 
aa to bow bullet wounds should he tmatid According 
to the best (JeTman practm the following pnnoiplt is 
adnpb d A certMn amount >f infootion should be m 
any case aonmntcd for which isvnnot bo ndiiisd by 
any moasunis whatsm ver If a paUeat has for instanne 
nmived a shut thriugh tho arm a oertaln number of 
iminibea havn (lonotratod Into the wound whieh it 
would bo uniKsviibic to reduce Rinsing the wound 
with waUir or rubbing it with antlaepUoa, ao far from 
being of any avail baa boon found to be harmful tho 
antlaepUo liquid dimlnlahing tho vital atrongth uf tho 
tlaauea However no new noxioua agents aboulH be 
added to thoae microbea Fxperlenoeabowa that healthy 
Bubjocts will deal with a given number of bacteria pro¬ 
vide no further girma are allowed to enter the wound 
TUa la the priintptc lontrollmg tbe first phase in tbe 
treatment of the wounded The aurmuidingB of the 
wound are no longer washed and ideanod with aoapa aa 
oiine upon a tune but a ptooe of aaeptln gauae la applied 
to the wound am h ae is oontamed in tbe mil of handago 
earned hj every Oernum soldier aud offlrer bi the field 
The fint droaung is thua apjilivd which tbe men them* 
selvee or their comrades an trained to do very cleverly 

AnoHm method to prevent tho microbes from mulb 
plying la what la termed the arresting pmoeaa Hie 
(larU round the wound are hrusbod nvw with Unoture 
of ledine or maitiiol The mmrobea ere fixed by maatu, 
another advantage of this pruaem la that the aiaptio 
gauae la attaohed to the wound thua preventug; the 
droanmg from being abifted Theae metlmda have given 
exoeUent reanlta 

ProvHion must, of oouim be made for the wounded 
lo undergo long and ddBonlttranipofts eapecially m the 
oaae of Injury to the bonee and jamta Bphnts have 
often to be unproviaed In fhot, aiugeon m time of 
war, must diow mneh mgenoity m making shift with 
aoythuig happening to be at hand The wood of a 
young tree aUoka ete, are, fer Inatanoe need aa apUnta, 
but praoboal epUnta have alao ben made from braided 

The final treatment of wotmdi oompniea a nnmber of 
oUmt peoUemB, but a point thoitld be made of avoidmg 
too mueh lenl The wound being waU dmawil and 
eovited with amptie gwixe, thsN la BO need fur Ae whole 
bandiffa bring exch a n g e d, it bemg aufieient to ranaw 
the outer dr eaa fa g Wounds en wUoh tbe fint drearing 
—made bom the man'a own diwamg matmiab-hnd 
bMB Wfr w«a tooad ate • wwk W bt kriM. Uw 


baodige, lest any nuerobei be allowed to penetrate mto 
the wound Guta through the windpipe and the tying 
up of pieroed Uood Tsaiela should, of emma, he made 
on the very bnttle-flald, wheteM the daririon aa to 
whether any wounded memben ahoiild be amputated 
must be Mt to the further treatment 

No importanee le now attaehed to the reneoviiic of 
projootilaa if the latter eause no moonveataMa This 
la iruo of mtantry projeetdee Aooocdiiic to the leetnr- 
era axpenenoe the Qermaii stod daere ptojeebln, for 
tome unknown rtnaon la more humane than the n«neh 
copper alloy projeoble whMi hequantiy oauaea pain 
Shr^nel bullets whuh are round have far leea impaet 
and penniaaive foraa than mfbntry praJeetOae Peaa- 
tratiog mto the deeper parta of the body, aloag with 
■uoh foreign bodiea aa pUeat of elothlng ato, they am 
apt to prodnoe mppnratfam In 70 to 76 per neat of 
ahrapnel wounda under treatment aappuration has ben 
ohawved a dight quantity of ohooolato-oalared UquU 
I nming out uf the wound ae this la opened Shall frag* 
menu likowisa oarry along foreign objeeta and Ana give 
rise to suppuration, they moat therefore be removed. 

Artillery smunda whmh am to hequont m the presont 
war and wbwh by no meant toke an alwayi benign 
oourae am a danger of their own They give nae to 
suppuration of the tiaauea gai pblegmona and tetonoa 
ChMd results have m many entan ban obtained with 
the Inonlation of a tatanni aetum 

Peraonally the lootuier waa able to record a numbn 
of Btrildng auaoeaaaa in hia aiurgianl pmotwa during the 
flrat months of the war Onhnary ahota through the 
flashy parta of the membera neariy always take a vary 
gratifyliig oourae In many eaaet the mn warn re¬ 
stored to fighting ability after a week, though they had 
only been treated With the drosaing material oontalned 
In the amall paroela earned by ennh aoldier Infantry 
bullet ahota through joints snmld take a very benign 
course it the wound wss treated aseptic aOy and if 
rvquimd dreaaed In splints shortly afbw the injury 

Tho effeota of aeroplane bomba are vary much difforont 
from Ihoso of buratiilg aholls tbe Injuries even produoed 
by smell fragments being so extremely aenoui aa never 
witnessed by Dr Pavr m tho oaae of shell fngmenU 
Another unploasant fisvture of aoroplanB bomb fragmi nta 
w tbeir cutting like knives dvep.lDto the membm and 
then piercing tbe veaaub 

EmployneBt of War Priaooon 

hixrv TiiooBANO priaonera of war have now bain ai- 
NCfflUcd at the Ullnater camp on the Lflueborg naath, 
states Vonedrta, where they are cultlvatlug Uie waate 
lands Ibe majority of the men am rrench, though 
there Is also a number cf Belgians Rusalana and Bng 
llab 111 the camp llany previous attempts bad been 
made to cultivate this huge tract at moorland eountiy 
which la well known to travelera between Hamburg and 
Berlin but tbe chroulc acarrlty of agricultural laboma 
In poacw time bad alwaya hindered the project The 
Icxal Butborltia of Hanover accordingly appealed to 
the military admlnlatmtlao to make nee of war prison 
cm (nr this purpoeo, and Um permlndon waa at oooa 
given • 

Dne example may be given (says Vomriflt) uf Uw 
mnniKT in which the work Is pmocfldmg In tlie (He- 
trlct at Neustadt near Hanover the culUvatiou of tho 
WH>aUed Rodewmider Bruch had lung been contm 
plated The Diatrlct Ooundl purefraeed a large jjfeet 
of thIa eodotry wMeh wlA the help of 3AI0 pr le eiiem 
of srar la balng brotm up and made ready te oulttva- 
Uon In due couae It will be divided up Into thirty 
farm eatataa. Barracka tor tbe mtoenem em being 
bnllt largely by the iM of the raptivaa tbenwelvea, but 
later on these bafldlBgi can he uaed as eaiUa eheda and 
com Btorce Hm new colony hae been ehriatonad Ueb 
tenhomt and U the winter la faverable It la beped 
to hate the wotfe ao frtr advaaced that tba ftmt cropp 
ran'ba aown next aprtog. In thia caaa Baimvar will 
next year have many hundred aciea of new land onder 
lultivation with wbaafr potatoea, ate—liandM DaOp 
Taleyrapk 

to irtAirt !■ ywertiy. 

Tna l 4 »motlda Ouaupany of QMbae, pmdubeta at 
pulp ami pofriWiNd. la tiydig an totanattag avgarteiit 
to mtomatiof ttanamaaitoultaialonbovaafluidK. Uto 
Mae invnrtte priMnf fite llWInPUll fi ) * th NP If 
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_ SQENTiriCAITOlCAN SUPPLEMEN T?^ 

Installation of a Gas Engine* 

Points to be Observed m Buying, Transporting, Plaeing and Starting 


Tm «• « Bomber ot potnta thet ihould be conrid 
oreil before pnrrtiMiiiS ■ lu engine one of which la 
the amount of power teqiilrad for the work to be dmw 
It la ■ M M Wil y adriaBble bo matter what atrle of oudne 
U to be pinqhaaed, to bny a miU annewbat latgir than 
mar at Ant aaam n e c e w a r y It U alwaya well to have 
acne power Is reaane becanae an engine working un 
der as exeaaalva load la InaOole&t and Involrca a money 
kH to the owDer on aocoont of the wear and tear on 
the migiBei 

fhe atyle of engine to be uw>d la datcrmlnod by the 
louatktt aad the natnn of the work to be performed 
If the engine la uaod In a fixed loraUon a atationary 
type ebooM be eeleeted wboroaa the piirtablt type and 
the tiBCtloB eaglne mint be aelKted when the engine la 
tor me at Tailom polnto and when luada ara to bo 
hauled The aelectlan of the right type U fnlly aa Im 
portant aa Uw aelerUon of the right make alao whUo 
attraotin paint and a Ugh pollah are dcelrable Umm. 
tdl rery little of the reel valne of tbe engine 

When Mimln are uecoamry tbe Imiairtancc ofhavliig 
an ei«lne wUdi baa been atandardlrcd la folly roallied 
by tbe ponduuer Repair paita ahotild be obtalnalilc 
at oaorenlent polnta wItUn a fUw hoora becauae delaya 
In waiting fOr repair parte uanally prove expeDrin 

It b Important to bear In mind that tbe rated horae- 
power ot an engine b not alwaya a reibbk baab for 
comparban with the actoal power that tbe engine wUI 
deUver niere are many gaa englnoa on tbe market 
rated at five bone-powor for example that will hardly 
bavo a maximum output of an much u five botM^wer 
under regular ^wratlng eondlttooa. Again there are 
cnglnea bollt bv reputable manufactnreni that deliver 
eontlooally an overload of aa much aa 20 per cent above 
tbrir ratl^ If tbei* b any doobt In the mind of the 
porchaaer aa to the power that It b poaalble to obtain 
from an engitie he ahould Inabt upon proofs Ot the 
actual brake borae-power 

When the engtoe baa been parebaasd tbe next thing 
to coaalder b where It b to be pbced In eelecttiig the 
poaltlun for the engliie note that It ought to ba placed 
In tbe rieaneat driest and Ughtmt apot obtainable If 
It b to be belted to nuu hlneiy that b already in plaeo 
It b uoeeaaary to decide where the flywheel will be 
located and the foundation should be made with tbb 
In mind If the macblnwy b to be Inctalled later, suit 
able pofdtlan for It must be determined at tbe time 
(he engine h Imtalled In order to Insure tbat no dllll 
<altl«H will be met with In transmiltloc the power If 
llie engine b Inatalled In a large room a amell room 
oi apau) ahould be partlUoned off around It In order to 
kvip out duat and dirt Under all einumataiicas, never 
allow a gaa engine or any other inglne for tbat matter 
to run In tbe aame room with emerv or polbhlng wlweb 

Aanunlng the enidna to bo of the atationary type 
the pondiaaer ahould obtain a tempi* t and ambor bolta 
guwnlly fnmlabed with each engine the templet b a 
woedsn frame of the alie of tin. bottom of thi baae of 
tbe engine having holes In It to matih tho boles In the 
baae ot tbe eaglne frame 

TRB lOPHIUTION 

Tbe dlmenslnna of tbe foundation at the bottom ahould 
be at least twice tbe length of tbe engine hoac aud not 
leiw than two and one half ttmes the width and tlu 
depth of tbe foundation should bo equal to Its lengtb 
The sbape of tha foundation b then made In the form 
of a fmatum ot a pyramid alopliig up toward the top 
wtatre It b only about three Inebea brger on all aides 
thaa the base of the eaglDe When the bole bes been 
dug iB the iroODd a form for the concrete must be 
made and than tbe omerete ta mixed os fellows one 
saik ot good cenient, two wheelbarrows of aaod and 
three brtMelbtrrowa of emabad yoefc or amaU gravel 
well Bitod with water to make it easy to baadle 
Wbon. patting tho con cr ote Into the form It b advbable 
to uee oU sonp iron of all klada ebdas wire etc to 
teUfocn tbo coneiete and keep It from eracUng Put 
la the ocoerate aad aeiap Iron togetbar, tamplBg It 
tigidly Into tbe form Befera pottlag In tbe ooocrete 
howtrer pUoo tbe andior bolU la Uw bottom ot tbe 
bede, wMb Urge heavy waaban on their bmida, and we 
the tgaqilet to loonto Uwm ptan^ ot tha bottom then 
ran |)w uta doiwn on tbo anebor bolta fhr anough to 
allow tha tampbt to rast von them wblla locating tbo 

bOHd at tba top at about tbo tov^ where tbe wglno will 

bofit^aafraDdatlon ThmUaaton the bolta la amao 
WB| to tliot thoy win not move Wlilb tbo ooncreto b 

bot^putlnidaoe no wooden twiplot b left on tho 

ta> dd duo ftnadattoB. tbo na b b of ocBia» bttng m- 


moved when tbe foundation leacbcM tluui and tbe 
cnglno la set on the top of tbo tcmplit as It b advisable 
lo usi a thill atrip of wood between the (ooLrete end 
Ilk (kst Iron of thi baae Iho fonudalluii ahonld bt 
h ft lo aut at least tour days before tbe engtno b iibcod 
un It 

sruuvivu AS isoisB non a eaiiioao cas 
I Ik foundation now being ready art will niwumi 
tliot the cnglno baa arriied In a railroad ar al the 
Ktallon gnd that It ta to bt rtuioicd from (here by tbo 
pun hast r A tow polnta relating to thta oi« ration will 
pimt of value Tbe engine luii l>een dclliered to tho 
I miiaportutlon camiiaoy Iv tbe miuiuruttnrer or dialer 
I rmierly packed for shipment 1 be nnponsUilUty of 
the iiiaaufacturrr or agent stoiM at thta point and the 
tiaiiHpnrUtiou comiauiy la amniuatiil to delher It to the 
purthaaer In perfect loudltion I In. inglne If of a 
Uia\y typ< boa been transported In a separate tar and 
ta left on a able tnuk aiiiaslble for toanw The first 
tliluA to do ta to have tin louil vtatliai at,tnt make an 
liiappttion of tbe engtno In the iinacme of tbo pur 
(linser or bb repreainutivc to aeo If It b In good ion 
(Iltlon and that no damage bos been done to It In trana 
IMitatlon Should any damagt be nvealcd at thta 
liwpcitlun the vtatli n agent aluaild be required to make 
a notation of tbe damage upon the cx|ienae MU liefore 
ttu. freight b paid After thta ta done tbe tnuiapiMta 
lion comtsuiy ta Ibbit for thi damage If any and the 
liuycr ta safe in unloading and taking charge of tbe 
engine 

If any timbers or aasistanee are needed In onloadlng 
tin. engine from the car the transportation lompany 
Ihrough its agent ta supposed to tuntah them It 
lh< transpniUtlon company fUmtahea bad Umbois tor 
this porpoae and an accident ta taiioed thereby tbe 
luc n Bcieptanee bv (he pnithoaer of tho bad Urnbe ra 
(lease not place the responsibility utam him The engine 
should prctorably be moved onto a flat top dray wagon 
sitbout oprlnga In moving tbe engine take eare to 
see tbat It ta properly supported at all times and see 
ubere taeb step In the moving ta going to leave It It 
any sec Mint bapiwus to tbe engine before It ta clear ot 
the car or btfore It ta taken off the skids conveying It 
fresn the cur to tbe wagon thi ersnaportatton oumisinv 
la liable tor tbe damage beewnse being a local abipmeut 
the company ta anpposed to remove It tresn tbe on and 
the punhoaei la merely acting for the lOmpany when 
taking tbo engtoe tresn the car After tbe engine ta 
placed on tbe wagon the puteboaer b entirely ri 
spcmalble few It 

Aa an example of what may he encuunterod In nii 
liudlng an engine the following experience raav be 
UKOtioncst An engine arrived at Its doattnailon in 
good eoodltion and the car waa act cm a siding near 
a pile of ttea tbat were to be used In unloading Borne 
ntlier timben were also necesoary wbirb tbe agent of 
the railroad company tornlsbed but iheae were not 
ns strong aa the man unloading the engine required 
bowc ver tbe statioo agent Informed him that be would 
have to use them He went on with tbe nperatlona tak 
tag extra precautions to brace tbe week Umbers bnt 
JciHt as tbo engine wea about bait way between the car 
mid the wagon out of them gave way and tho engine 
Sint Into a ditcb upside down The man In charge ot 
tiH unlciadtag wont to the longdistance tdepbone and 
ihIIciI up the general siont of the mannfSiturlng com 
lainy stating tbe clrcumstaiaca and asking for tnstrnc 
tlooa He was toM to inform tbe statton agent tbat 
till engine conid not be used and that It would he left 
mi tin railroad company s hands A new engliia was 
loaded at the factory the same day and ahlpped and In 
that rase ample esstatance was rendered In unloading 
the new engine The Unit engine was loaded by the 
railroad company onto a car and returned to the factory 
free of charge the Mil for tbe necessary repalra waa 
rendered to tbe rallroid -ompany and waa paid wUh 
cut a domaga suit 

After the engine ta safely ptacod tm tbe wagon It 
ahcmM be conveyed by the nfett and aosleat rood to 
tha pbee of inatallatlao Avoid nnevea ground and bad 
street ermsdngs take plenty of time and be sure of 
every move Alwaya releaie toe team from tha wagnn 
whUe loidtag and unloading tbe engine. Tbe unloadtag 
ta greatly olmpUfled U two trenebea ara dug tor the 
wheels of toe wagon so that toe exba almost touch 
the gronod In thta case toe tlmbera on whlidt the 
engine b bandied wtU be more neerty leveL If they 
are eatlMly bvel rolbn aaay be imed aader tbe ririda 
to wbkb Die eaglne b flutaaed If bewaver tbe tlm 
here slope at an MOera ttwuld not be aoed Tbe mala 
thiag to to anU hatoo, aad aat to panatt anythtap to 


Interfere until toe cuglue hna lain ilncuil m Uii foun 

INinAtlATIOV m AUXlUABlXa 
Iho uoxt thing ta to aeleit a aultahli pluce tor the 
iMttery box Thb place ahonld he dry uud free from 
vlbnUou The wiring ta now cviuncited If natural 
gas ta to be used aa a toil It ta nccooaary to have a 
hiwcIbI mlxir whkli will be torulshcd by the maiiu 
factnrar of tbe cnglni All tbat ta iiec-eaaury ta a kh<) 
Img or tank and piping to allow iho charge to lie druwu 
(lulikly into the cylinder Maue cigloea uae t^>llu< 
tor n start and then switch onto the luitiiiol gas shlli 
ethers start dlrcitly cn the ms If tic lugluo will 
hturl on tbe gas then tarn rcHMii for imlug ui'< Hue 

if liquid fuel ta to be used It la advisable lo place 
till fuel tank outside tbe butlillug and it ta still bittir 
to bury It In tbe gisauid After tbe tank baa lain 
burled In a aultabli place It ta an easy mattir to ar 
rnugc tbe iilplng to tbi fuel laimp on the engine As far 
OS poaalble thta piping aboulil he andergroonel hh It ta 
out of tbe way A jilpo for the fuel laoalng fiom tbo 
pump to tbo mixer and a iilpo for the ovordow in return 
fruin the mixer bowl to the tauk moat be provided 
If the overflow pipi atoiis at the top of the toil lank 
it will not be neceaaary to htvi a vent hole at toe lop 
of the tank as the nlr will flow Into the tank from the 
ovirhead pipe which will net always he toll of gaao- 
libe Ihe pump pipe ahould pass to the bottom of tho 
tank and should be provided with a light acreen to pri 
ve Dt foreign anbatsnees from poiailng Into toe mixer 

BTAXTlMU A SXW XSOISS 

Afkr too engine ta properly Installed the flist thing 
ta to start It running Thta ta done by turning on the 
I attcry switch setting the nreells valve In the starting 
liniilt1i)ii tnrnliig off tbe air damper ralraalng tin can 
Itression and giving toe flywheel a fiw turna whledi 
will put it In motion Aftir the engine has mnilc a fiw 
revolutions egien tbe air damper close the needle vsiva 
to tbo running iKsdtlon put toe relief ram taik Into 
place and let tbe cogim run watching fui develop 
menu It ta of room iresnmed tbat all tbe oilers 
and grraae cupa have been filled and tbat all movable 
parts have larnn oiled with tho oil ean Now ace that 
water enten tbe cylinder coiling jaekit wllhin fire 
minutes or stop tbe engine as It la not safe lo allow 
It to run withe ut cooling water on the Jniket It ta 
bolt to allow tho engtno to run sn hour or an without 
any load and to watch the bcaringa to are that they 
do not become ovirhcetcd In cuae ot douM on any 
point atiqi the engine and examine It 

In I old wcatbor a gaanllne engine Is more dlitte ult to 
start than in warm wratber the reaieon ta Ing that gaso¬ 
line In (hanglnB from a liquid lo a vapor rreliiini Its 
tiinpcraturr about 10 deg Vhbr If Iho air ta (old on 
the outside of the yllnder and toe mixer has taken In 
vapor TO degrees colder It ta eaay to understand that 
this would Interfere with the proper vaporlaatloa 
Hence It will be dlflleolt to start toe englae Than 
are scvcrsl metooda of overcemlng this dlfflculty eUhor 
bv s arming the gaaollne warming toa air or by using 
one part ether and tour parta gasollue tor a start tola 
will make a liquid that will vaporise readily several 
degrees below acre To warm the gaaoUne ta a prooeM 
width ta dangerous and should only be attempted as 
a last Tcanrt It can bo done safely only by using hot 
water or a hot cloth The air may be warmed by beat 
Ing a piece of Iron red hot and bolding It st too mouth 
of toe Intake pipe allowing tbe air to pose ove r It as 
It gore Into the Intake pipe after which it Joins the 
gaaollne vapor and heata It 

Motor Fuel m’Gomuiiy 

A vary Urge proportion of the supfdki of gaantiiM 
naod by motor aati m Germany hoe hoai obtained from 
the United Stataa oi wen aa conndonUn quanutlea 
from Ruiaia, and tbe Bast Indira It la heliovod that 
thsss eouroM of tupply have now been effeitivedy eut 
off, 10 that ixutaida of aesminnlatod itock the walla 
of GollaMa are the only onra from whuh fuel aupphra 
of thta dara ean be obtained and these widit ean be de¬ 
pended on tor bttle more than enida oQa and these in 
no great quantitiw It u reported that aleobol and 
benro) ore need esdnslTelT by tbe ran In the mlbtary 
■ a vice, bnt the supply of aleobol must be Hmitod, ai 
the grain, potatoea eto, from whmh it is made will 
undoubted lOon be required for food parpoara and it 
ta doubtful if the euppUra of beniol an anyiriiere near 
suflolimt In » maohWmade war such as the preoent 
one pre-endiNntly b ihe queetlem of a supply of motor 
fuel Is a moat important item, and it wiH be Intanotiiig 
to BW tov Ooiiaff win Mtoa An pnblmn. 
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A Great Railway Electrification Project 


440 Mik-s ofthi' ChioBKu. Milwaukee & St. Paul Mountain Lines to be Operated by Electric Power 


Tin fliUiiiw, Mllwmikw k W PtlHl Itallr<hul hut HiumU liowoni aiawiBiHim .. .. T.3a0 klluwatta 

iluctdHi to Htii-trlfy four i>iir1iio iUvImIous of tin PiiriH ——— 

Hound Ilnm, ^•xt<•ulH^(t from IlarloHloii MimUna, to Total iwwnr i1mi*Io|iiiI .. .. IKSW) kllowHttn 

Atery. Iiinbo, n totnl ilNtniKi* of nlnnit 4«t lullen, aagie^ FurthM' dotploiiiiM-iib., lairt of »UI«-h arr uiiiler isMi' 
lOilluA aiMiroxluiHlrly (IWt inllm of truck. Iiicludliiit all m-floii, arc aa follo»«. 

ynnlH and aldliiRH (limt Falla. S"i.<aj0 kilunutla 

Work luiH riln-nd) laa-n ahiiM on llic llr>d (>iifflite Holtcr. ttOdJO) kiluaatta 

dhlaluii, coimIhIIiir of ll'l lullo. of main line iruek be 'riiiuuiiHau Falla. au.iaMI kiluwatta 

twi'cn Tlirea' Korka and Iteer laalKc. Montana uwl nHi Hiiaku KUw.‘JIMIIW klbmalta 

tracts luise Uaui Id In tbe (ieimni) Kin trie I'ooiiMiir MImwiuIb Hiver. 10,0110 kikmatta 

for tlie elnirle loeomotlM-t, anhalntlon npiiamtnH and - 

Hue iiwtcrtal Power will l>e mm uinl finui IIh> Hmitaim Total.173,(N)0 kllowatta 

Power t'omiiaiiy, which wUl ulna (oualruet the truiio- ToUl laiwer cr|miII). detdoiail 

inlaHkin and trolloy lluea. and uiiderelopcd.‘d44,<aiO kllowatta 

While the four eiiRlne dIelMliinN nf 4411 mlliH nuu- llip Mcternl tniwer mIIch an* Inlemiumt-tcd !■> tnina 
prlao the otleiit of track to Ini njulpiad In the near inlaaloii IIihm Miiiqairtnl od wnmlou imlwi and oiiorat 

fntuie. It lu undenlnod that plana are ImlnB niade to Iiik at ruMklO tolta fui the earlier liialallatluna, and on 

extend lln* eleetrlfleiitloii from Unrlowton to the ixiaHt. hind tuwem HuiI iqietullna at liMI.OOO toHa for Inter 

II diMianee of sno mllm, almiild the 0 |K>rnllUR roailta of liihtiillatloiiH Amide water KtorHiic eatatclty In pro- 

Hip Initial Inatallatloii pruie aa aallafaitory na antlel- sided In the IloliKen nxenolr of IMlOOno neix-hvt, 

imtiMl, aiipptemeidiMl by an aiiklllary reaertolr laioielty at the 

Tile idaUH of the Clileano. MHwankn* A Ht Paid Uall- M-veiiil iwwer eltiMt, wtalcb bilniri Ibp total up to 41)4,000 



fi-cdluc-lu lodnta of the Mooiami power tmmiintaalon 
IliieM. a tie-ln lraniuul»luii Hue 1m heluK built by the 
rallHny i-onipHiiy that will imrmlt feedluB each uuh- 
Ntatiou flora two dlpeetliaia and fruin two or more 
Mouiew of imwiT Thin trauainlvdoii line will be con- 
Mtnieted with wualin ladin, MOapelwIoo type lUHUlatom, 
Will iqierate at 100.IWO xolta, and will follow, In 0 Hieral, 
the rlitht of wa> of the mllwray eompany emwpt where 
advantaRe lau lie takni of a ahoUer loute oxer imbUc 
domain to nvidd tlie noiMiMMarlly elreultoUM Hue of the 
railway In the uiuuntaln illatrldH. 

The humnlUte olci-trUleatloii of IW uiUixi will In¬ 
clude four MulMtaUoUM uulitHliihiK htep-dowii tramifonu- 
en. aud motor Benorator hoIh with iiiM-eoMiry eoiitrolllUK 
MwIti-hlKoird apparatuN to ixiinert 100,000-volt, OOeycle, 
IhiiMspliaic iiower to ;i.UIIU coHh direct cnrnMit Thh 
Im Ibi' Hmt direct lurreiit InMtiillatlun aalnii oueb a hlRh 
IMitentiul UH .S.OOO vulta, and lldu aystem wom adopted 
Id preference to all others after ti iii refill Invivtlgatluu 
cxtcnilliiK over two lean. Tin* H.Mlll-xolt direct nirrent 
luHtnlliillim of tbe Hulte, AiiniMmclH A Podfli- Hallway 
111 the' liiiiuedlate territory of Hie proiioMed Clikasu, 
MIlwuukiM- k Ht. l>uul cliMiiltliailuii tuia furuluiied au 
exivlleiil ihsuiHmtiallon of liliili-inItaRe. dlreet-cnrteul 
Imxiiuutlve uprrntiuii ilurInK the |MMt year and a half, 
and tho wIcM-tlini of ;i,00o lultN direct current for the 
Chlcnitc). MllwaukPc> A Ht I'Hul was diip, In a large 
meaMiuc>. Ill the enllrcly vithcfaitoii |K>rrommuc.M! of 
Ihe lliille, Anmoiidu A I’aclUi liiMtallallon 

’Jlic iMiulpiiiisit for Hum road wun aloo fnriilHhed hy 
Hie iieimial Klee Hie I'uuiiHcny, nud a cswiiNirlMai biuiuil 
cm six nioiitliM' Htisim and clcclrlc uperuHon hIiowh n 
lutnt m‘t Nuilnit of iiiuii‘ III,in 'dO |n>i cent loi tlm liiveal- 
lumit nr total iint of Ihe cdpelrllhsitkin 'Phnce HipircM, 
Ilf luiiiw-, do rad take Into me mud tite IiutpoikmI eaioic- 
U\ of the linen linpiu\i>ment Ui the Motih-e, and the 
mine leiriilai aoikiiiR hnura tnr Hie rrewo. Ttio ixjtn- 
INirlMoii hIno MhnwH Hint Hie tuimagr tier tram Iuin lasui 
ImiisiMiMl liy ;iS |x>r lent, nlillr Hie mmilier of traliia 
lius bcrnii diM-ieaMsI hy a i>er cent, with a juivlng of ! 8 T 
laT lent In the time rcciidrecl tier tnp. 

BUBOTATIONA 

The HiihMliitloii Hllea of Hip Chlrogn, Mllwankiw A Ht. 
Paul plectrUleil aouc> provide for an nvciHKi' Intenen- 
liiK dlNlHiire of HiipruxImnlely HO uillea, uotwithslnild- 
Init that the tlmt tUMtalhitlnn embrueea 'J0,s wHimc cif 
d (mm eeut KTude westbiiuiHl iiinl 10.4 inihw of J.OII |N‘r 
cent Rrade castlaiuncl oxer the main ranizi! of tlk> Itoeky 
Miiuiltuinri With thin pxtiemp db,luura hotwccui aule 


way lire nf c-daM-lHl IntereNt. un thin Im the IIinI nlteiupl iitief(M>r The IIoli|p-ii ipseixolr U ho Icr-iiIimI at Ihe mIiiHiiiim und lumdilerliiK the heaiy linlflc and Hniall 
to liiMlnll and iqiornfc clectili li«oiiiiitlieH on liiKhs Insid niili‘rM of the Miiillsoii Itlicr Hint xxaliT diaxxn niinmnt of fissler copper In hc> IiihIiiHimI, It becoDtCM ap 
eMelidline ciier aexeral eualiie lHxlHlnn^ under which limn It enii HUiHdy In liiiii Hie Mexenil liiNtalluHmiM on laiiiml Hiul Miih a hiRh iHitenlhil as H.llOO volta dlrixS 
ixuidlHoii It la claimed the full iidxiinlHRC of eliMirllhxi Hie MmilMiii ninl MImhouiI iixcim, ho Hail Hie sflUJi' Hlnr eiirri'iit immilla of a inlulianiu lovcHtuient in aubatu- 

Hoii ixin Ih- RiM-uied. The vailciiiM terminal icuit luiiuid iiri caiHciily Im iimimI a iiainlN'r of IIiiipm, nironlhiR an thm appamlua and cvnalderable latltnile aa to Ioi.siHimi 

liiHtallutlODR have been made niMx-HMary, inon- nr Ichh iiinllnlile atoniRe raiuielly ■ oiiHlileraldy Rreatei than Is oUea 

liy reuHon of locml cMHiilltluiia; lint the pIim lilllenilun of InilkiitcMl liy tlii> llRiiccs Rlxen It xvuiild Mecm, Hipiis Tlie Hiilmtutlnui, will be of Ihe luUiior ty|ie, trmiafnna- 
thlH road la undertaken imn'lv oil ixoiinnile Kruiiiids foie In cIuciikIiw freau cxail to i-liMlilelty bh h miuixx' era ImliiR thice iiluise, oil cooled, and reclnchiK trem 
with the expectation that MUixTtor iqierntlin: HMulta of nioHxc imiwc-i. that ihe milioml Is nmiily pcolcMtiMl liwum) xoHh pilumiy to a.;iU0 xolta apcoodnry. at 
with electiie loecnnotlxiw will effect a miiHIcIciiI reducs In ipmimmI In Hu icltuldllty awl ixmtiiiiilty of Hie power xchlili loiteiiHil Hie ayuchruikniH moton xxlll nfierate. 
tIcMi III the preHent cOMt of ateaip upciutlon to letiini Hiijiiily The IruiiMfurmprs will be rated 1,«U0 and 3,0(10 klloxoltH- 

au altracUvc perc-eiitage on the lanp* InxeNtmeiit re- Hue to tlu» Rrrsit fuellltlc-s axulhcble and the low end amiieiee and will he provided with four per iwit 
cpilnxl If (he aiitlel|Wted uvIiirs are tealixed hi the of eoiiattaction under the faiorablu loaclltlouH exlMlhiK. tiipa In the primary and OO per cent starting laps hi 

eliM-tili iqH-nitloii of the road Hum Initial Inatalliitlon the railway cximpaiiy will iiarrhttxc power at a cxmtiuii the necondary, 

will lonsHliite one of the niosi liupurlaiit lulleHluneH rate of OllOKW eeiil |ipr kllowalt-honr, haaed cm a IKI The motor geuerator sela will ccanprlae a 00-c)ale 
III ehstrle railway jiroiitcaM, and II ahould fureehadow jier eeiif load foetnr It !•< exiweted, uuder tbew cun H,xm-bronoua uiutur drlxlUR two l,CU0-volt, dlrvct-c-orront 

liinte fiiliiic dexclniimeiita In bcaiy Hteam road eleelrl illtliHis. that (he eiMt of iHixxer fur ImxnutitlxcH will he Keiieratiinc counected liemiaiHTntly In nerlcH for SAIOO 

Hcothni The nucmmuh of electric npcniHon on such ii coiiHlilciuldy lens than la now c'xiiemlcd fm chhiI The xoIIh. The flelchi of laith the HyuchrcuiunH nicitor mill 
large wale will, at Icnit, ndlle the eiiRlneerlng ami loiilmcl lietween the railway and imwer eoiuiinidPk pne dlnx t current guneraton will bo Heporately excited by 

iMxiimiuh iitic-slIonH that enler liitn the acIvlMnhUlty of ililea Hist the total elecdrHIeuHon ladwcen Hiirlowlcm Hiimll ... dltecl conucM-trcl to (>ach end of the 

iimkliiR Much an liiMinllutlon, and will limit simlUr and Axery, l■onl|lrbduR four engine dlrlidomi, will he imdor-Renerator shaft. Tbe diiect-cniTent gencratoTM 

fnliire piublrmn to the means of ralsInR the money In oiiemtluu January lot, 191b xclll Im econpuiuHl wunwl, will maintain ixamlnut |ice 

exiMMidllure reciMlred. In order to connect the autmtatioDa with tba Hcveral bnitlal up to IDO per cimt load, and xxlll have u vaiaielty 

Tbe tlTHt ntp)! takou toward eloctrtflcatton by the 
Chk-ago, Hllwankce A Ht Paul Bollway wan to enter 
Into a contraet wllh the Montana Power rompany for 
an adcciuate Niipply of power over the 440 mllpa of main 
Hue cottddenMl for Immediate electriOcaHon. The pre 
cantliinM taki'U, lioth hr tbe railway cximpaiiy and power 
conipniic, to Mafegiwrcl the coutlniilty of iKiwer Boppl.\ 

Hbonld RiMrantiM! a ndlalde aewree of imxrer Hobleet to 
few IntemiiiHolu) of a momentary natnre only. 

Tbe Hontann Power Company coxera a great part of 
Montana and part of Idaho with Ita network of traiw- 
mtaMcai linns which are fed tnum a nximber of aourcaa 
of xrhieh the prluelpal oni*H are Ubulated below 

Madlanii Hirer . 11,000 kllowratta 

Canyon Fewry . TJWO kllciwatta 

Hnnwr Imke. 14,000 Ulowatti 

PIR Hide. 0,0(10 kllowatta 

Butte, ateam tnililm . DpOllO kilowatts 

JUinUw IWla 21^ kUo*atti 



ft9il9 df the tM ghm gwfy ghfwtiy gnim u4 













Oa • tm f«r ««at grU» fa (k« aMmUlH of HMtaiu 


RatM talb which will aupply part of the cicrtric power 


fCiMB Df TBl Bf WHKB TfTW CSICAQO IDliWAUKBl AND m PAUL RAILROAD WILL USE ELECTRIC POWER 





































SCKininC AMEI»»N SDFflEIIENTI(Di2(BI 


for mamaDtarr oreiloada op to tttrw ttaua tkelr normal 
nUng To Uuors good conuanUtfam on Umm ororlond^ 
tlw geaemton ue cqalpued with oanunDtatlng polw 
und ooDpeDnUng polo-foot wlndlnvi The igndiraooao 
moton will alto be nUIlaad a« arKbroaoiia rnialnnaan. 
and It U expoLtod that tha Uanamlaatow Una Toltafo 
can ba ao Kgnlatad thatefajr aa to rilmlnata anr affbct 
of tha doctnatlng rtllwaj load 
Tha location and equlpaient of the aereral aubatatlona 
la aa followa 


I Irulhr tuDHtrartloD will lia of the tatemry type 
blch a 4/0 trolley wire la flexibly in]<it>and(yl from 
ol nUnury aupportod on wooden pnlia the <nu 
lion being bracket wherever track allgiimrot will 
It and cruaaajian on the ahniper curcca and In 
I Steel anpporta Inatead of wooden poloH will 
svl In yardi where the number of traika to be 
id LVierds the tieiHHlhlllllea of woexlen ladc con 
Hen rolaa for the flnt Iniitallatlon an, altoady 


Ntimbar at moton 8 

Ntmibor of guiding tradui 3 

Nnmber of axlea per gaidiog track 2 

Total length of louanoUva llSfoet 

Blgld wheal baae lOfoat 

Voltage of locomotive 3,000 

Voltage par motor 1,000 

Horae-powar rating 1 hemr eoeh motor 480 

Horae-pewrer rating coatlnoona each motor STB 
none power rating I hour complete locomo¬ 
tive 8 440 

Hone power rating caotluiiema complita 

locomotive 3 001) 

lielllug Icaid cmpaelty 2 per cent grade ISOOteau 

Iralllng lewd eaiMclly 1 per cent grade SBOOtona 

Appruximate apeed at three lewda and graden 18 m p h 
'Ihc Chicago lUlwaubie A St Paul Hallway from 
Haile wtin ti the coent craewia four mountain raogre 
lltc Belt Uountaina at an elieatloii ij( 8 788 feet the 
RiHky Mountalnie at an oltvalleiD uf e,d00 feot th 
Hiller Itiiot Huuntalnii at an elevation of 4 200 feet and 
Ibe lawaeU Muiintnlne at an ileiatlin of 8010 feet 
JUe flrat iIcKtrifleatlem hetween Three Fiirka and Deer 
1 uelhc lallM for lex emotive operatluu over 20 H mile* 
of 2 ixr eeiit giaile between Plcdm mt and Donald at 
the ere at of Uie nuitn Uoeky Mountain Divide au that 


2 per emit ruling gradaa on thb wmd and aa^ 

tbo weeky MoontalD Dlvlda with tha htip o( a aiootid 
■Ifflllar ftelght looomotlTa aottag aa A fta* 

provlalaa la v»«*ng made at Donald, tha anm ml t «C tte 
grade, to enabla tho puahar loooaMtiTa to ran mmA 

the train and be eoupM to the htad ad to Baimtt •lao' 

trie braking m tha down grade In thfo oaaA tha eatliO 
tndn wUI be undar eompreaalon and hiU ha* by tha 
two locomotlvea at thla head end, tha antira elaatHo 
braking of tbo two looomottvaa bring nriar tho 
control of tbe uotorman In tho opmatlng eab eC tho 
iMdlng lexomotivo It la oooaldetad tbit alaatrle brak' 
fog will prave very valuable In thla moontaln laUtoaiOr 
Ing for in addition to prorldlng tha gNataat aafotr 
fo operation It aim retnna a eonaldani^ amoutt ti 
energy to tho mlMtatiaoi and tranimforioa aia l i Hiu , 
whlph ran be ntUlnod by other twlna dam a ndlny pqwab 
In thlx connection tho electric locomottvaa wtU il^vo 
electrli hrakfag capacity aulBclent to bold back thr 
entire train on down grade leaving tbe air braka aqolp- 
mint with which they are aim equipped to be oaed 
only In omergenoy and when atopplng the train Than 
lx therefore provided a dnpUcato braUtig ayatam on 
down gradeH which ahonld be roflected in the greataat 
xnfpty of operation nffurded and tho aUmlnatlon of a 
cunvldcniblo part of break downa whool and track wear 



3 000 volt direct cum el cleetrte locomotive Moat powerful yet buUt 


on III i.ieiiiil Hill llilil} iiillix jf ixlm ail wt. 8>urk 
ill IhiM dill 11)11 Mill li iiixlie I mIUi all >|Mie>d and will 
U n rliliil III the Niininie i ef 1 >10 rcadv foi operation 
111 He fnll en the dilDii} ( the dixt leHuiuoUea» 

Ax the iiKiilc uf iiiiifiil iiiicHllwitleiu and exiicrl 
iniiilH n iiiivil leHuInxIlcti of treillcv will Im fo'itallid 
iiRD|xxei<d of the HO railed twin rondiH tor trulliv Ihla 
iimiprlixx two 4/0 wlrm Niuepeinlcd Hide by xldo from 
Ibe HHiiii entenary by liidi ix iiili nt Imngeni altornately 
iiiiiiieeti>d to each tiollei win Ihle form of conxtrnc 
til II permltx the eollcctlon of very heavy inrrent by 
iiuHeiii of tho twin eonteiil of tbe pantograph with the 
two tiollcy wlrea and aUi tiixurai aiiatkiew outloellon 
under the e\ln roes of i Itbi r beuty current at low xpeed 
ir nil II mode rah (iirnnt nt very high Hpe<eda. It mema 
Hint the Iwlu-toiidniror Dix! of coniitruetlon ix equally 
Rdnpti<d to the liijity gndw e ailing for the oollcetlon 
ef very hiuiv iiirreiilx and on tbo more level imrUonn 
Ilf the inllle whin nixcliniini H|(i>dx of 00 mllvi |ior 
heiir Mill ti ria lu I nith the ixixHcnher Unfox having 
a total Milglit if i\ir limn leiui Tbo advantage of 
IhiH UiH if eeiiHlri II hi Ih due imitly to the greater 
MiifBi-i r r Ihi e III Hill f iirnnl I nt largely to the 
eirv i,nnl flixiniltv of tin ultiriiatily xiihiMWleil trol 
ley wlnv, a fiiiii f eiaxtriHtliii wlileh cllmlliahx any 
teialoncy In flenli nt Hie liangerx either at low or Ugh 
HiaxHl In Indliig Hlellni.x jm aim, and \ard tratka, the 
111 mllce of ri uli mil ap lx liKrtaieed to approxImatdy 
Itbe mllm of Klnali trnk li U i inlpi«d between Door 
laxlge and Three b rkx In the Initial InatoUatloa 
r K luerritXH 

riM loesimotheie ii be u xiiiiractuicd by the General 
blectrlt (omiwnt an f iMiimial Intereat for many 
leaineia Ihiy are tin lint Iw muthex to he couatruot 
ihI for railroad aenl i Mllh Ilinl lurreut moton de- 
xlgned for ao high a pi ti i ll l m IOOO tolta The) will 
wtigfa approximately 200 t i aid will bate a eontlnn 
one capacity greater than ii t ntium or electric locomo- 
the yet eouxtrneted rerhai x Hie luoxt fotereatlug part 
of Ibe equipment Ix the cui ii I whkh In arranged to 
effect rcgcilicratiti electric li klig on down gradea 
Thte Teatiin xn yit hox uetir Icen Hieumplbfoed with 
dlrcrtsnriii I moturx m m lu g o xeale Tbi general 
chamettilxlkx ax pniinixed am i dnlaled In low 
Tidal Miliibt jnOUma 

Wilghl nil dritira AKIlonB 

Weight on each foUtos truBk aotona 

NHmhar of dtlviaff oUta ..... 8 


tlic lixxiinotlvia will be fully texted out ax to tbilr 
ia|M Ity and general wnlie pcrformanco fo ovenixn 
fog the natural ohxlailea of Iho tlrat engine illvlxlon 

The Initial coutrait ealln for tdne height and three 
paxeenger IiKomoUvex bating the abuvi ibarailerlxtlc* 
and nlmllar In oil rtniiortM cgicpt that the poamuger 
luxanuUvcH will be provlihxl with a gear ratio per 
inlttlug the oporatloD of 800-toa trailing poixcngtr 
tralna at aiqiroxlmately 00 niliea per hour and will 
furtboinion be equipped with on oU flied ateam beat 
Ing ontllt for tbe tralUng can The Inti p haiqpablllty 
of all electrical and mechanical parta of the freight 
and pcMHcnger electric locomotlvea la considered to be 
of very great Importance from tho xtandpofot of eper 
atlon and malntenonca 

rbi cab cooHlxta of two xlmllar xeetloox extending 
prnctlcall) the fall length of the loeomotivi Biadi me 
tlon Ix approximately 02 feot long and the cab root hi 
alxrat 14 feet obovc tho mil cxrlnxlve of tho honxlugn 
for ventilation The trolliy baxn are about 8 feet 
abine the roof owing to the unuaual height of tbi tiol 
Icy win. which will be Icxaitcd at a maslmum divatlou 
uf 20 foot above the roll The ouUr end of rarfa inb 
wUl contain a exaupartmeut for the eugliaxir while 
the ranulndcr la ooc^ed by tbo elottric ecwtrol equlp- 
mont, train boater olr brake apimratox etc 
KOTima 

The right moton foe the completa locomotive will be 
type GB 2BSA TTili motor boa a normal cnc-bour 
ratlnf of 430 hone-power with a couHnuoua ratliig of 
870 bone-power TTm eight moton will thna glva the 
loemnoUve a one-boar rating of 8 440 hora o iw w er and 
a contlnncmi rating of 8000 bone-power which makea 
It more po werf u l than any atoam or electric loeomeUve 
ever bnllt The drawbar poll available for xtartlng 
tnliia will apprcHlmate 120000 poonda at DO peg cent 
coefficient of odhorioi) 

I.aih motw win be twin-geared to thi driving axle In 
the name manner aa cm the Bntte, Anacenda k Fadflr, 
the Drtrolt River Tnmiel and the BalUmcte ft Ohio 
locomotlvea a pinloo bring monnted oo each end ef tha 
nrmatnre abaft The atetor la o( the eeanaataOig pola 
type and baa openlnp for foread veotUathm foam a 
mutorxlrlvm blower iorated In tbe cab 

The foright InocanatlTta are dralgiMd to haul a 
ton trailing load on all gradteMa op to 1 par cant at a 
apaad at oppraxImaWy U mta per boor, tad thla 
oiM foatatad nahtefciB ffffi ba aoftM «nt IM ni 


Bill ovirlMBtliig witb ronxeqnent rednctlon in malnten 
uuic and Improvement In track condtUona 
Witb the completion of tbe remaining riiglDe dirl 
Dlonx it lx proponed to take advantage of tho pemrtblU 
tlna affunled by tbe lotrodiKtlon of the rieetrlo looeow- 
tlio by combining tbe preeent fonr ateam engliie dlvl 
xioua Into two locomotive dlvlolona of approximately 
220 mllce length eJungfog rrewa bowever at the prea- 
int dlvlxIoD polntx Aa tbe elertric loomnoUve iierrti 
luxiHx tlon only after a ran of approarimatriy 2 000 mllea 
reijiilrcx no atopa for taking eo cool or water or layorer 
dm to dnmidng axbea cleaning boUen or petty roond 
hiinxe ropalH It la expected that tha greater flexibility 
of the locomotive ao provided wUl reanlt In conaMerabla 
ehaiige In the method uf handUng tralna now h»"I«»< 1 by 
tbe nKtrlctlouB of the ateam engine 
The elertrltlcatlon of tbe OUcago MUwankaa ft 8t 
l>anl Ix under the dlrcctloo of Mr 0 A GoodnoW, 
Baxhtant to the preeldont and In charga of ronatruetloiL 
ilii Held work In under the ifoarge of Mr B Beenwkra 
electrical cngliiocr for the railway company 

HuidHBf Frolght by Motor Tmdkg 
A rrw yearn ago an Innovation appeared la the way 
of a motor-driven trade for handUng boggaffa in a fow 
large raUway poaMogcr Matlana. and oIbn that Uma 
great pragreoa baa been made In adopting tha gyatMi 
to the boadUng of freight, with tbe noOIt that tta ooat 
baa been vwy cenalderaUy rednoed An Inatanoe Una 
tratfog the advantage galnad la tha report of the azpert- 
enoe at the Oentml OeoiBla Railroad In handUng "oW en 
betwaeo tha pton and atoraheoaia at havonnah, •hm 
by the old matbodi of band labor tha eoat waa a mri * 
over rix enta per bote, which tht eleoUo tneki fletrao 
by atMoga Imtterlea ledncad to riidut two and pro 
third oentB Portntrte metoMriveii Jib craoa 

wera jben added, and tbaoa brooiht tbe oeot, tariadfog 

fixed ohama, nm in t—a o e e and coat of power, to ohebt 
22 cNfo par bale Thla te a rmaaihaUa fo 

view of the foot that tha rieetrlo ootflt la fo n» grip 
aheiri tew awotha ew* year By (ba tma of forlMte 
thr trodm eaa ba loaded at (ha rata of a dnHWM bile 
every twelve aeeoodft whldi 1e maefa qri*W tfow foS 
leading; and con ba tape op an day wUfo li net ^ 
cane wHh hand labor Beridoe the -itntf aathri rifoft. 
■d by tha oar «( rieebU po«« tetefo ffkfoSSS 
mtafftattfo. ■ - 





ntiMUl algebraic poljDoinlal can he lahulated by the abuot 1883 In I8N8 no Und the Unit Ijpewrlter at mi at direct milhul an I «h« tin one lined by rawal 
method of dUfeitDcee Thin Im abowii In olgtbra It In larhmeat Inxuled by I odium The implex I umpto- In llHI I ertalii mini iliiii ii u hli i h v, rklng cm the 

triM that many other fooetloiw fur Iniitann logarltlunn meter lu\ented by Dorr E Felt waa put ui the mur hhihc piiiidple have li i liilll I iit limliad of iinlna 

ran be calculated by the aame method of dl(Ien.Dvea ket about eight yean ago Ihi Bni,er a pen II or al m >,li l | im iailed a atyloa 

The method will not apply throogboot the whole aerlea Many patonbi on ealculating moiblnoi have bun In la | lueul tliroiii,b the wli I a IctwcLii Ihi teeth of the 

Iff logarUhiu but dote appiv with Huffleleat aceuniv aued by the ratcut Ollkx and under the ilreuiDHtanoce wIiuIk 

for a grooii of a large nnmber of comiacatlTe tenna lit lu |ut IIh iiuinhir II. Info tlio lunehlno We 

Xhoteafter a nemr itait la made for another greaiii „ _ I la i tin llimrlii Ihi 1 I aiiili n of thi Inniilreda whiel 

lia irb tB" lueented hie mat blue InUndlnt, orlglually to '' *" * pleee of 

apply it to the eaknlallon of lagarlthiu aa well an to IIh (eme wheel iiiul i nil d iwii Ami mmui llieeaime 

the emleulatloB of all aorta of nautleal and natiouamleal ^ ^ i | III f thi ma hlie la of eourw dctmuiiieel by the 

taUea When he waa aboat half through with hie Unit ■—i HiB ■» iiiiuilier of lotalUir wheela of which I haii nmreaiuled 

or dUbMooe machine be docMed that U uae not good % p ^ jj [Jjg uili two 

•ftoogh, and invented whnt be cmlled the inalytlcal rerrylep JfiiAoelrm Each totallrer wheal la aiip 

mglnn n enlcnlatlBg machine that CoaUI oompiite any piled anmewlMre rai Ita elnamfereiieo with a varla 

arttbmntieal t^nlta that oemld ba oomputad by a fanraan IbyT u ^ tion which mechanleally iletermlnia the locatlmi of the 

h.i«H fbr »"«»«"«* It would aitraet eqnare root, cube B enrrrlng point an I wbicli arlthmetlcullv eorroaponda to 

Mcd, aolw eqnatkNM by Honera procoM, and ao on ri»f F,a2 (hp 0 The flrrt atep away frtm the 0 la 1 both me- 

Howew thia machine wee never hoUt The prlmlple u will therefore be Impomriblo for me to nfer In any chanballr and ailthmetlcnlli the seioud atep 2 and 
em wbkfll it depended waa atmllar to that ctf the Jae more than a few of the mechanlama dewrlhed More an in Ihia variation on tbc totnllrcr wheel la otdl 

einard tooia Many of yon have dnobtlaai aaen a ma over for the imrpaae of eonvenlenee the akeh bee which iiarlly a projei lion like a pin aa In the WabI the Bur 

cMmi ixuW lM by a ewlca of otidi pleioed with bolea i have made are dlagruimatic and follow no portlcn niugha the ItninarlRa and other inarliinca On the 

WHTW a portnH, ecy ot Oeorm Waihlngton Ur maoiilne other haml It may be Inatead a drop or fall er a cut 

Bdbbate jrminaofl to la$glt with nnmbera tn the eanw iMlay IfooAlaef -Our ayatmn of numeration In a aa In tlie Howiewm and other macbluta Of the laii ma 
—aa tha JaoqHid loom Jegglee with threada It clecJmal ayatom We count In cyclea of ten After tarrying nieehaiilinna pemHlbic I will now explain the 
^ a prefeet, but wm not fellUled I Teaching toi we etart again to twenty then to thirty iirlmliile nf the ihk> llluatratcd In Flga 1 and 2 Some 

hm tat4 Ul book and of iii* mechanlama and ao on Of eourae we have exitpHuna namely thing Hluillai la need In the Wahl maeblm 

T!ll» W(* B«k an en tw talght be eleven twelve, and thlrtaen Loglrallv however we In the tctallier there are two acHa of geara the 

-»-■—^ taeMenteUri ttat to maat tha nwxiailtlee of hla ahcmld any tan one ten twe^ and tan three While we totallHr gean proper r ami the Intermediate wheela A 
Walk, fee me the IM to wManta Oo aerawe erf the an able to twlat cmmelveg ami rmr minda into all I ae h totallic r wheel baa na alinwn In Pig 1 forty 
idUe fWria of ^ Inttae Bh a eeaMdnralda ram aorta of knota meehanlan reOiara to he an areommodat Im lb and a pr ijm lli n P ti the Ic ft f >r eai li ten Im Ih 
«t WMiyiMieiMad kM> iy the fewnmot at eeigmiid, mg awl in a dKlnml mecbanlain ileven la alwaya ten lla nnuilMr of leHh niaai tlie Intennodlate wheela la 

■J ' I - I j . ■ - — ■ _ aua and nathlng riae We Hnd that ahnoat all arlth of no Importance If one of the wheela r be rotated 

JuVt^SlUtTVlJWrtyiriE irr^ ** *^***^ Mttal ■MhiBii r ipeeee n l the tmber bgr ■ertiilBil then la doe ttne He onrrylng pmleetloB wlU engage 
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^'n*" -^wn ii» «.«««,». i 

OrB^JavtaT. ftooinaadBairMoWF. Bmm of thta in«lrument wore obuinw^^ lubri<-»tiii|! ..ik l.nt ili.. ..{Ih uraclu>ll.v dark 

ftoowiacanr* <■ one of tbo moat itrildnc ohwwUr- Ration through Pullora rarth la an «x«Hleat nnd «.lon.d and r«.in(>n«. DIhI dial ion of 111.' lallor dark 
hrtto rf petrol.^ dtaUIlnU., birt Itn oauae la not known, ^-known nwtliod for olarifylng ami lilmu-hing oila. rolonnl nil varun, „r will. m.pnrhoaUal a 1 «ui., ykldod 

of ^ beat authorltlM attribute it to eauaea A aample of a highly lluor«i«mt lubrinating oil wo* oil bat ing o bluiah n.i.mwi.n..,.. n.Toot«l waahliig with 

‘Jir’"*''' ? -"“'i of the noloring numt-r. 

Wvler (^taUtea ^ Pennaylvania and eortaln other pi Iw a ^h. Tim roaultinK oil wa* very light in oolor Shaking a port .rf o Kompl.- «f pale engine nil with nllrn.i* 

an^ potrolOTma have a marked groimlah fluornaeonce. 'mt highly fluonweent. nnd who., a little tarry mol ter, uei.l for :i m.nul..*, fnllnw.Ml l,v wa«hing with water and 

^ tha tn^ hM 0.^ to **«.miat« thi* proiKwty with ‘™*’* nonlluoiroennt aolution* in kero«me. Illtering ihrooKl. Knller’* earlb. gave a he* roalnon*. 

Bmimylvank olla For aome u*e« it I. mmmon prae- l** enlor raatehed the original light enlnnri ... 1 , very aimilar to that obtained by Hun- 

debloom, the olli hy *un-blea.'hlng or by the od. the two m,uW not he dl.t.ngni*hed. The rt..on.*ia.nt hleaohing. Dxi.le* „( mtnwen. generole .1 by the aetion 

addiMnn of nertain "debloomlng mibatonm*. The *nb- "latenol i* therefore only dighUy abnorlmd by Fuller'* of dihiU. nitrie aeid on o metal wen- then tried and it 

jeet therefore haa eome praetleol a* well a. tlu*.retleal »nd im probably not of v.wy great moloei.lar noni- woafon.i.l that the*..n-bl.>a< b,Hloil .-o.ild Ih- nialohed with 


additton of nertain ‘‘deWoomlng" *iib*tonm«. The *nb- "lateriiil i* therefore only dighUy abnorlmd by Fuller'* of dihiU- nitrie aeid on o metal wen- then tried and it 
jeet the^ore haa eome praetleol o* well o* tlu...retleol ^rth-»nd im probohly not of v.wy great moloei.lor noni- w»*fon.i.l that the*..n-bl.>o<-b,Hloil .-o.ild Ih- niolehed with 
Jj w . - 1 - . Idi ui|i>riind Hiion*ni-**THr, pniN*<li'il the lemprra- 

Kinder coniiden that the duorewerov of minrm! oiN whilo workmif on the oolloiiliU miiithcniiinn thnnr>'. turn of thr oil wuh mil iM*nni 1 l 4 Mi to riw* abov^ lOdeg 
la due to their eollnldal ehanietep. Cnnle oil* and the <>'»' raarke*! Roliihility of milphur in miiioroJ oil* wlm t’ent. la-tom wimliing with dilute olknli. At low tem- 
Imvier dlatllUtea are opl.ieoily nnnhomogeiienu* and ";>»««*• A‘2110eiihieiwntimeter *ampleof olight immliim- uemlun-* nd.lilion of i.xidw of nitrogen to iiii*olurat«l 
i^how o^kod TymUll effoBt, hot thi* pro|ierty roinnol wo* henW U> UlO deg. tVnt. with on oxc-h*. d llower* .■..ni|H.iiiid* prol.nl.ly r«-*nll* o* nliown l.v Jegoniw, Vn- 
b« oonddeted oa Indieoting eolUildnl prn|ienni* dnen ™ "ulphur, ttlU-n-d Imt. oiid on emiling about 05gramme le*« the oil i* i-hilhxl iH-f.irr pamniig in the oxidi-* of ni- 
mony organle enmpound* having large mol.mular weiglii* “I "ulphur er.vKlallixed out Hul«-li..> *ut.-H tliat h.-i.- tnup-i. oxidution iippiar* to reai.lt, a.-.-omi«ini.-.l by rim. 

-how the Tyndall effort when in true ,„h.tion. Sel.nei- «»«' di*H..lv.w 0.A per rent M.lphur at ai .leg. Oeol. in l.-.n,H-ralur.-, .lorkening in enlor and formation of 

dW and Juat* nlolm to have ohm-rvixl iiltroinieromxipie It i* i-xtrt'inely iniproliahle that n «liiMr eolloiihtl HiiHpeii- n-Miiniiis material. No ni.-thod of nmioiliig the r«i.i. 
■■artloleH In a “yeUow mineral oil" anil a -umpln of "j"" "xi*t in wliieh the Holiihility of one pliaw- in nou* eolnring inaltiT without at l.-o»t iiarliallv re-loring 

, pmlRnti oil *’ Huldii.^ Kiudyliifr ihr iihywcul firinHllion w fer»*af hh m Uin I'ow' of milphnr and petni- the |>IuikIi fliionwMiP 4 « wa« found Thr on tho 

of Ume miapa In greami. hUUvI lhal .mlloi.lal parliele* '‘'''m oil*. „,l.,r .,f , 1 „. „ii „r „i,ri, i„ Hulphurie aeid. when umxl 

an. not dlmmrnililu a* »nnli under llie mii-ro«-ope. It i* t orimii di*iilpliiile addnl to a fliionweenl lulirieatiiig for rellmng, i* wi-ll known and .•oiiHtituli-* one of the ail- 

prohalilo, however, from the re»xin-lie* of flol.h- that 'V' weaken* the lliionwinnefl olmo-t to the point of ex- xantHgiK of ai-id made by tlie ixinUu-l proe.-** im-r llial 
*neh greanea, aa well a* oil* eontaining iwpluillle or '-ineHon; what rBinoin* i» dark greeiii*h. Bi-fon-making moile liy the eliamher iiii-IIuhI. 


Ipmk the oil iH i-hilhxl iM-forr panniig in llie oxide* of ni- 
tnigi'ii oxidution iiiiptvr* to re*iilt, ai-ixim|iani)xl by ri-o 
ill li-in|M-raiun-, darkening in rolor and formation of 
ri-Miiioiis material. No nn-thod of nmioiliig the n-ki- 
iiouH (xiloring innttiT without at l.-o»t imrlially n-Mloring 
I lie IiIuikIi Hiuiriw-.'iie.' wa* found. The i-ffix*t on the 
enlor of the oil of nitrii- ai-id in Hul|>huTie ni-id, when uimxI 


linetion; what rnniuin* i* dark gm-iii*h. Bi-fon- making mnile li 


Iruf Relutiiiii*. Hehulr.' i-lalined that Ihn effix-l of nilding tlionglit t< 


Iho eximriinent* with tlie nItramieni*eo|M-. tin* 


"di.lilnoming" -iiliataneex, hiitIi aa nit,rolM-nzol and iii 
troimphlhol, wa* merely that of adding aonii-tliing liaving 
a high n-fraetive index, t.lni* making tlie oil <i|ili(«||y 
lioinngnmxiiiH. 


ir the Kiilpliiir HiiHpeiiHioii tlieory, < 


Ihixirv of Hehulx haaixl on iiplii-iii liomog<‘n<‘ily' 

Fiinlier .‘X|ierim<‘nlH with other milteiil* hIi<iw<xI ilmt 
the elinriu-ler of thi> lluonwet-nre wa* affi-eiixl by the 
larioim miminon milveiit* in the *ann< way aa in llie i-aai- 


-ra, Hliidiial by Kaiiffinann.* Tlieeff.a-I of the inr'ioiia rornual 


Thi* theory of lliioniHiH<n(x> of niineml cdla atx.m.al dioinino denviitiviai of teix-phtliniii- m-'nl m. Ibyl 

very plaii-ilile. Ifowevvr, *ini*' many exainiiliH of non- '‘"lera, alndiial l>y Kaiiffinann.* Timeff.a-t of the \ 
fliloregei-nt ohxi-r<k<iiinii* Holiitiima and niixtnre* are “"Ivenl* wii* even more ninrktal with aoliilinn* 

known, and *inoe llio Huonweenix. of mineral oil* per- I'liriftixl llii<m-*eent niHl.-rinl dtau-rilHxl Ih-Iow. TIi 

hIhIh after reiKnlial diaLillalioii and ia iiiiiu. markwl m i'''*e.-ni-e eolora oliai-rvwl were oa follow*: 
dmtillahv boiling a* low a* ‘2U0 deg. font,, we Ih-Iii'i.kI iil<xil*.l . Urllllaiit nky-lilue 

that reainoiiR or oapludtie matter eonld not Im a eon- iien^'. p'm-clear Wue"’ 

tribiitlng foeliir Onr oxiM-rimenta have Hhown I hat, in t'BriaHi.llatmkie t'alin Knx.ii, im iiiun 

gi-noral, nxidixing agonla iiartially or wImiII.v d.-Hlroy.xl flii.amfnriii IIIiiIhIi anaai. i-umIuk into iin-.ai . 

tim llnnreM-enee. ('eriain faeUt *ugg.«<t.xl to ii* lliat „ .. 1 ”'"^^""* 

Rulpliur nr oarhon in eolloidal aiiHpoiiHlon might Ik. the i‘j*nrfn . . iiiw'' 

(«UM< of llie phenomenon. Nlal.lo eolloidal NUHp<.iiHi<.nK iMi.-iu* . . iinavihih Miie 

of earlMin in waU.r and varioii* organie |i<]iild* have Ikx-i. I'yrl.llne . . .liiulah anx-n 

proiiapixl* and d.amrilKHl a* imnlluonwi'ent nnil lirown '•«’ nridition of »maH amount* . 

to lilai'k In <*ihir. Hiilphiir, on the oflier hand, often '''hh* having high refractive in.Ueea ha* prai-tieu 

allow* blulMll tailor* wlu-n in ta.ihdthil dtgnx. of dia|a-r. **" llH»r<wi-nee. Thi- eff.a-l of ntlding 

Hion, and the liliieeolororullraniurine litne la iindoulile.l- "‘'••‘Pound* therofore iniiat have an explaimtioi 
ly naUMxl by wwallial i-olloiilal Hiilpliiir* fereiit fiaim that offertxl by Helinl/.. 

We have Hiieeiaahxl in (iroving tlinl tx.lhiidnl hii*- '*')•<' introdiietioii of a nilro group inbi the in. 
peiiKion* have nothing to do will, l.lie llimnw-enee of “ Ihionvaamt liemtol derivative, -iieli a* the 
mimmal oil*. phllialie eHtxT*, eompletely diailroy* it* lluon-mame 

Working on the theory that ilItramierowaiiMe (larti- upiu'ura that a nitro group in the moIvi'IiI Iiiih tlw- 


wa« We then made a -erii-* of i-x|H-rimi-nt* l.i ili-tenaini. 
till) the elu-iiiii-al propt-rtii-s of tin- fluorew-i-nl hiiIwIbimx-. 

Till- eflieii-ii.-y of Hiil)iliurii- at-id, parlieiilurly fuming aeid, 
hat in n-nioving fliion-w-i-iKx- i* well known It wa* found 
Iha- Hull the wn*h watiT from fn-Nlily pn-iianxl ai-iil *lndge 
-a*., tar. nioili- by n-flimig liihrii-aling *t<K-k, wo* liiglily 
Ihyl Ihii.n-M-i lit. TliiHHiigge*li-il lliul the flm.n-w-i-nl inali-rial 


Milvi-nt* an* I'veti iiu.n. niarkixl with miliilion* of llie 
pilriflixl llil.m-M-ent mala-riiil dtau-rilHxl Ih-Iow. The Ihio- 
ri-ae.-ni-e eolor* ohw-rvixl were a* follow*: 

\iii>l i.liailH.1 . Urllllaiit ■ky-lilue 

lli-nxol. .. Pun-rlt-nr Mne 

< 'srlmi tllmtlikl.- Kalin Kna.ii, iki liliin 

K tiler _ fk-irWue"* 

IJinaMn . . lililc 

I'lii-iii* . . I inmlah Igiie 

l■yrl<lllle . . . Illulah Hnx-n 


eent Hiil.alniii-i- wii* a luiw' and n-movial a* a -oliil.le 
Niil| hiile. Till- hilli-r liy|Milhe*i* i-an hardl.v Im- true *inee 
tlihile III ids do ii.il exact the Hiii.reMei-nt material from 
Hie oil, A qiiiinlily of sni-h lliion-w-i-nt iKpiHniH Kolnlion 
wii* made nlknlini- nnd exIrneUxl with elhi-r, lint no 
Ihiori st-i-iu muli-rliil wa* ohlainiHl, iniliealmg that the 
Hiilulan.-e in .in.-slioii i* not 11 Imihi-. A dilnii- a.-id solu¬ 
tion of till- llii(,r.-*< enl HiilwUiiee wa* nearly iii-iilriiliriHl 
with linn- to nmovi- Ihi- i-xi-.-h* of Hiilphiirn- ni-iil, The 
flili-nxi minixin* soliiliim wu* i-vaporulixl iii-arly to dry- 
nixiH nn.l the i-ryslallmi- n-sidiie, i-oiilaining Hiilphnle of 


I en.«e* iho addition of «m(if( amount* of sol- lime, exiruetixl with nleohol Twelve liter* of Inl.riiiit- 


id, ofi.-n having high rofrnetive intUee* hit* praetieally no 

f <li*|*-r- ‘'irifl oil the lliior<x«M-nee. Thi- eff.-et of ntlding nilnt 
iloulile.l- ‘"'•••lamml* therofore iniixt have an expinnutioii ilif- 
ft-reiit from that offertxl by Helinl/.. 


ing ilixlilhili- yii-lded in thi* way alMiiit 1 gramme of an 
impnro 1 r.v-*lalline n-siihn- whn-h wa* inleiinely lliiitre*- 
e^iiit when (liKMolvixl in the diffi-n-nl wilvi.nl* iium.-il 
above. Tin- aiin.nni ohlaimxl wo* lini *mn1l to he 


The introilnelioii of a nitro group into the mohx-iile ihorouglily invi-*ligaltxl, hut we hoiio lhal we *linll liuve 
01 It fhiortwtxmt liemtol ilerivniive, *iieli a* tin- it-nw an op|*.rliiiiiiv in the near fiitnn> to prepan-n ipinnlily 
phlhali.- i>*t4T», completely diwlroy* it* llu..r.-*.xme,.. It ,1,1* highly iiilen-eling material *uni.-ienl for fiirtht-r 


* a tiitro group in the mobx-iile < 


alMMit .Tot) euhie centlini.tcr* in unh-r to ilix-n-a*e Hie ••'“•'•‘‘•‘I »f other wilventa. We believe that po*- 

vlKOOHlly. Tho Dolution wO* placed in a siiilnlile cell the fliionwx-nt siilwlanee in iiiinf-ml oil i.wixl thi* 

otmtaining two round eoppt-r iilnie* *,hu-ixI '2 i-eiilimeti-r* l"v>l>erl.v eliielly to the prew-iitv of uni- or iiiuri- amino 
aimrt. The oil Imlwei.n the plal.xi wa* siil.jix-i.xl to a K""'P» •“ anxiK-hromiw l.nt, a* will 1*- *hown 1 k-Iow. 
unit illroetlun Hold of JIO.IWII volU polenlinl ihffen-ni-e <'«""'»* •» Hn- .•awi. Although wo have foiiinl Hint 

for INI iniiiuUw witlnnil any vi«ilih' i-linngo in tin- Ihnirt-*- “’•idi/mg agent* ileMtroy Hie fliioixweeni-e. It I* prohahle 


HiirtiHKiiig ui view of the *uluiluin-e proluilily i-ontain* one nr more i-imipomni* 

■'lal poH- Ilf Hie hi-n/ine serie* n-M-iiihling, or |K-rl.a|i* idi-nihiil 

fixl thi* with, i-hryHi'iie, lluiin-in- or pyn-ne. Hin-li ei.miM.iind* 

• amino an- kiioHii to In- fiiriinxl by the pyngenie .hxn>mpo*ili..n 

lielow, of iiiiinv orgiiiin- miliHliinee*. Klainly and Fink, in IV.im. 

ml Hint Milnlixl a .vellow i-ryslalline Hiili*tnni-e, giving liighl.v 

rohahle Iliion-w-.-iit Mdiition*. from the nrniniim of 11 i-nn-king 

>hy»ii-al *ii||. Tlii-,v give it tin- forniiila 

r nitro- \ large |ini|Hirliiiii of the llinin-iH-i-iit «iilislninx- nr 
III dig. *nlmtiiin-i-* i* rurniixl during tin- ilislillation of tin- i-rinle. 
illy im- Till* wu* Hhown by iliKliIIiiig a nample of Okliilnniin 


etinen or flin-king out of any kiiiil of *nh*tani-e. 

A namplo of Hio miiiui noluli.m, i-iin-riill,v dr 
eakiiuDi obloridn, wu* fllUiretl llinnigli Hn- liinw 
paper anti examined undor an iillriiinieniHeo|Hi 


lhal the at-liiiii of nitro eomimuiid* i* piin-ly |>hy*ieal *||||. Tlii-j 
*iiiee wo have luUiixl N>t)*, nitralixl keniw-iie or nitro- \ large 
Im-H'/oI to lhion-*eent liibrieutiiig oil* i-liilltxl to II) dig. *nlmtiiiiee* 
Cent, anil itiolro.vtxl the lluiiroNennm-. It i* highly im- Till* wu* i 


Zgigmontly-fliMlenUipf typo, hut. no purtii-lcH whatever l"'’'‘•'l>le I hat oxidal ion of an.v hyilnM-nrlHin* ixmlil take ennle iil atinospln-ne pn'*stiro ninl under a pn-twiin- 


wiire vinihle. It'wn* found limt unlen* thi- ml 
oarcfully drtod and fliternd itarlielu* worn vIhIIiIi- i 
light oono. ThuRu may have hixin ininiito droji* of 
or duit. Tho fact that Urn ■Itraviolet liglil eo 
mode vUbU to tho oyu with liright flnnrew-onei 


pUu-e uinler lliOMe ixiiidllion* 


It.. N*0- 5 niillimeti-r of nn-n-ury. The di*tillnle* 


1 tin- ""••'■ly arid* on In elliyleiie iMind* without oxiilaliiin."' rorli-s wen- very min-h iiion- lliiiinxi 

-Bier T*'*'"' P«"***’'''ty *•'«» *••''•' coiniKiuiid* a* Tin* 1 * also tri’n- of Hie diHlilliile* 

III i* ■*•''•'" acid and nitmhmixol form nonlliinrew-eDt addition lillixl at HliiioHpIn-ne |m-**uro iiiiil 
imMlnet*. or double oomponnd*. *urli a* i* the .-a*.- with niilliiii.-ler*. I’nnill.-l with tin* di 


no idgnincaace ao for lUi tho eolloidol Iheor?' i* .xmcHinie.1, I’-'"’*"’ ehryw-w. However, the *impl.- 11 


fluoreneat light I* alwayi greater than 


e length of tlie emittid 


I known to fonn xueli double eomiMinnd*. grenli-r imiiMirlmii 0 


-rli-H wen- very mii.-h iiion- lliiimwi-iit llinii lln> liilli-r. 
In* I* also true of tlie diHlilliile* from i-iiid uhoii dis- 
llixl Hi Hliiiospln-ne pn-»»uro iiiiil under a pressiiro .if 
inilliiiii-li-r*. I’aralli-I with tin* diff.-n-inx- it -hniild 1 m- 
il.xl that siilislaiu-i-s of Hie lienrsil lu-ru-H form a much 


"nitro koroaeiie" I* fully a* offleaeiou 


from ultraviolot to vlsihlo blue. Furo •••'••l«di*|nK fluo 


,* nitniln<n- prossiin-*, luimnini-H and olefine* ixinsliliiling o 


thermoca, tho ultravinlet cone contain* a oerliun amount 
of tho vbdhle ray*. No morn rigid fwiMif of Hn, non- 
•xlitonoo of lubitanoe* in oolloidal nuiipenMiiin in nare- 
tuUy purified fluorcaceneo mineral nil eonld lie dexirod. 


The follnwiiig exp.-ri- ' 


iiient l« Interroting In thi* eonnertum: A sample of a 
highly fluorcwient luhrinating ml wut “ilehliMimed" hv 
tho odditinn of nltrolienzol. Till* nil wa* tlii-n slinken 
out ilx time* with vine-half it* vuliime of IMI |M-r eent 


In orto, further, to teat tho arraiigoroont and effleioney »!<<''' whloh treatment the Win- fliMire*ei-ni-e hud 

tl our Imtronwnt. a colloidal gold "iolutioii" wa* made "*Pl'«i"'d »n<l eioelly matehed a HOiiipl.i of the Marne 


|*'r ei-nl id the ixml tar iihtainixl bv illstilliiig in i-« 
It i* alwi Well known that no nunn-w-eiit siibstnii.-.w 
known behiiigiiig to the parafllne sernxt 
lliiligenation ih-*lniy« tin- tlnnnwi-i-iii-e. a* Is tv 
ox|Mx-Uxl. Ilydnigeniillon also di-Htroys it. 


by the fbrmaklehyde reduction method, 


t treated with nitrolMOiiHil. but sliaken <Mit w 


the ftedig rnethm l, and one of pallad luin by rmltieing **‘*’'“' the name way a* the ffrot iiom,ile. Hv-flning 


" Kaiinr, "Hiadtiiieli d. apocimiitnpki." Vol. 


» Uw Aiitnleafi ft leal * "<l<'Wooihod" oil with aulphnne acid yield* a nu exix-lli-ii 

■ fluureaeenl oil Identical in thi* n-*|iee( with that ohlaiinxl of miiking 

Propcrtlm ami (Vmirtliii- «dlnlng the original oil. The ai-tion of nitro ixvni- th,- i*x.|h , 

■nphi." Vol. IV.. p. K31I. poumla in neutmliaing fluonweenee mimt, therofore, Im- Hirnwii iivvi 


I u. Chcffl. Konatitu- purely phyatoal in chaneter. 


j. Chm,, SI (IW»), tiw; AWt, Zitrhr., 3 (l«i«). tho HuoreMtmno -uggroted that wlint loik i lnvx- .1. rii 
, . gg. this pTiMvex* wa* *low aiitoxidatiiin. 


aw, J. tma. CUm., w iMiai. aia. 


It Is iiiiw reiMii-lixl Hull 11 Frv-iieli llrni In making 
nil i-xix-llenf ix-meiit from 11 liy-|irabii-t In the pix«xns 
Ilf milking iM-ct sugar. The m-iiiii Hint ronim when 
the I**-Ih an- ImvIUxI, iiihI wlileh Im* ta-retofore Ihx-ii 
thrown iivv-H.i-, (xiiisIni* liirgely of eiirlHinati- of lime iiimI 
vvHler, anil fixMii TII.IN)II ton* of liei>t* In-alixl I.OIVI ton* 
Ilf eurlHiiiHte lime I* olitiiliiixl: to thi* 1,11X1 bum of eln.v 
I* mhleil, the rvHiiltliig pnaliiet iM-lng :i,1lt: ton* of 
i-Xix'lh-nt (x'liieiit. The m-iiiii 1* piiniiK*! Into liirgc tank*, 
where It I* nllowcil to dry iinrtlnlly; (Inel) illvldeil elny 
I* then nilxml with It; the mixture I* Hnironghly am-1- 
gamalixl by iMUiter* for an himr nnd hnrnevl In a ixgiir.v 
kiln, mueli In the HBiue way oa Portliinvl ix-pient- 
clinker U then removed and polverlBed Into i-mnent. 
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UWtSP.tl tDflMtnBitw.kboatlBlIsdomDMp- 
WMv Mil nmgt, vlth •ppanotlgr unpto mom lkt«r- 
■QTi tat rtKf UtfO* ^plk The bottom ii ovoo, tat Um 
■ tat tod dapthi an enqrwhan lam than (ha dimngbt 
«il mthat ddp; tadal daplli w>t tawm llie A (845 feet 
hj 48 feet hr 38 646 fai« dmucht) overtook fha W (336 
feat hr 41 feat by 33 64( 6 feet draught) on the latter t 
port hand, pwang at diituoaa vanooelT etated aa from 
78 feet to 800 (0^ the ooort thvorlof the emaUer dla- 
tanea, aa bom nun reUaUa wltneeiea ‘Befon (ha A’a 
bow Waa oppodte the W e bridge tho VTt pdot ordnod 
the wberiaman to port the helm beranae he mw 
the A waa eommg too nioae When the A’a bowi gut 
abnaat of the W'l hndge, he tayi he told the captoin 
to alow the phlp to hair>apeed and that when her (tern 
got aomewban about half way between (be W'a fore- 
ilggiiiff and the bridge he had the eoglDeatopped thatbe 
than naked if (ha wheel waa a^port and that the ohief 
oBeer rqilied that H waa hard-export that ho (hen 
want and looked hmadf and found (hat it waa ao 
and that the A waa at (hat time about 76 feet to 100 
toot away ” Wheo (be A’a atern name (orwmd of the 
W a bridge the W took a aheer and struok the A a glance 
ing blow upon the atarboard quarter about 35 feet from 
the atern * Tbie aheer of tho W the pdot aooounta for 
by what he enUa anetion Both voaarli had to re¬ 
turn to Philadelphia 

The oourt refened tr tho oaioa of the Folaom tho 
”C1ovelBnd, the Uml the Mend and the Brork 
ton ” The eaaee above rrferrod to judusiallv reoog- 
ntaing the exutenee of the forte celled auction and Ite 
powat u n d er favonng c.iroamstan(MM to dmw one vpaaal 
towarda another, winnot be diaregarded by thu oourt 

Caie 30 Mamba • bmith - Aunnia ’ cm a 
bright July day In 18B8 m the dredged channel in Lake 
Ht Clair above Detroit In 1R06 the St Clair ( haiind 
waa 3fi0 feet to 400 feet wide bv 30 feel dot p tho Detroit 
ehamiri 800 feet wide, and of < qual dipth Ae ii la not 
stated ]uat whore the ooUiauiu uexurrod, both widths 
are given in Vig 14, which u drawn to aode aa to tho 
lengths of the stupe and tow line but not as to latoral 
diitaneea, whiob are unknown 'The coao la citod aa an 

the diagram than from the deaonplion Tho B waa ap- 
parontly not affected by the M untd the Aurora waa 
met, althoagfa the first two had been traveling at not 
widely differing apoeds The 8 rorovered from her flwt 
aheew, appuondy eauaed by her bow entering the Au- 
imn a ’ lotonl depraaakm but took a second and un- 
ccrntrollaUe sheer juat after passing the Aurora 
* The ‘ AuKDia ■ ’ helm WM baid-portod and the Au> 
rora'a’ engine stopped and the lever oontrolling the 
(owingmanhine cm the Aurora releoaud ao that the 
eaUo might reel out then being no time or oppurtumtv 
to let go the line on ather vemel but eo extreme and 
mpid waa the shear of the H that she struok the tow- 
line at nearly a right angle about 100 feet ahead irf the 
‘Auraiua,’ parted the wire oable and thm swung around 
the bow of the ’ Auiama ’ whioh struck the B on tho 
starboard quarter The veeiole eame together with 
grmtforee driving the bow of tho A to port and atmight- 
enug the B up m the channel, eo damaged that she filled 
and mnk after gomg a short diatanre while the A with 
bowe badly stoved forged ahead and drifted dugonall} 
down aad aerom the ehannel until aho brought up on 
the bottom aided in this by a stern anebor whuh she 
had let go’ 

Caw 86 ’ MarteQo • Meaaba, September 32 1900 
1043 A M , New York Lower Bay ontranoe to rbilmy 
Channel, Pig 13, but by thu date drndgmg bad n dui«d 
the ilqN of the bank to about 10 feet In a ship ■ length 
Nor is (he plaoe of ooiliiion ao exactly located as in the 
eow of the ’Anmnia •“Repnbiio ” An ebb-Ude of 1 
knot wu with tho ships Both ships wont down the 
oU Main BUp Channel They paiaed Bandy Book with 
the “Martello” (870 foot by 48 feet by 38 feet dnught 
10 knots) mid to be one-third mile ahead of the Memba’ 
(488 fwt by E3 feet by 39^ foet dmukht U knota) 
but if tine gap was eloeed by the time they reached 
Oednegr thmo oould have besn a diffsnaee of only about 
3 knots m then quods Wbils the ’ Memba ww pass- 
iiq tta ‘ Martello” on the northern aldo, ‘prohaMy 
faomlOOfsstto 160 feet'distant, when the MarteUo’i 
sMs was abont Abeam of the Memba a amidahipe or a 
Itttia nmrt aft, (he ‘MarteDo’e’ bow was teen to tom 
to port toward the ‘Mamba,’ and it oontinned to turn 
tnsninpl^as the ‘Memba’adyaneed, unblthe bluff 
of her bow, atont 30 feet from her stem struok 
tho •(Bfheatd qnmtsrot the ’Memba,’ ebout lOOftet 
ftfwwd of Iwr stsn. a violent blow The ‘Mai^ 
toBa* W«a dUI|ld to ntiim to New York, while the 
•Mi^ta’donttamdhig voyage" The eaurt held that 

Ctao «n 'Ttaili «ta*v^oannahal.” September 38, 
19U.4P. M. Bwadh Otaital. New York Lower Bay 
(Tli. jita l)«09d tho notthen edge of whwb, when 
tha omNiA tank e( CtanntI la steeper, (be eid* 
fidta tmwTH). 9!tayatatVI9«7feettaaOhetby 
IB f* ««« U ktati) WM onctaken on 


bar starboard hand by the M S (830 feet by 46 foot by 
18 feet to 16 feet dmught 17 knots) When tlic yacht 
WM abemt 600 foot ahead of the N B they were ap¬ 
parently Bomethuig man than 100 faH apart but were 
dmwug slightly noanr and when the N Sa atern 
Naahed a point about appoalo the bridge of (lie >a<.ht 
tho latter hemg infiutnctd by the N S a aiictiou turned 
towHde her and the vcaaels came togsthir notwith 
standing a atarlioard then hard a-port htlm on tho part 
of the yanht rhere was no ihango id Uic coutm 
of tho NS Ihe oolluion <«n be atoountid for in 
no other way than aa a mult of miction Th. N S wna 
hedd solely at fault 

Case 39 Denver - Lehigh March 31 (900 6 16 
P M New York Lower Bay licdow tt« m Jlenk J i^ht 
The steamer D (390 foet by 17 > i feel to 2) f,<< t dmuglit 
12 to 12M( knota) overtook and portlv pm-ml the aen- 
going tug L (160 fwt bv 16 (cot drought) ( ulmcnt aa 
fust ) The L was following a slightly ccnvcrgiiig 
oourac on tho D a imrt hand al out 150 f< < l iliatant 
When the atom of the L was abniaHt or alighll} forwani 
of Ihe port aide of tin D a bnclgi the L whi li was bouuil 
up liaiitan Bay to Da btarlioarl slowid her engiuiK 
to lot the D gil will ahead and was instantly taught 
in the HUt lion of that ii a« I and drown ugMUHl W mdi 
contact oooumng with tho Imiw if the L aguinst the 
D a port quorUr aomt 40 foot from the atom with thi 
tug at right augha with tho ateamohip ( ourt held 

rigMLMt. vCLAtn 


^ Jhwoaile* 9 
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the L at fault for slowing when by obt siimndircd a 
certain amount of power and lm<imi less iriamgi>- 
able Daiuagoa win divided Ihi «nUr woo 211 fuel 
to 31 feet deep with no marked Inmpk in thi Uiitom 

Case 41 Sarotoga Taunton Jum 17 I'N)/ Dihi 
wnra River Hnn>OMhue Bond (kig 15) Hits ih nii in 
tcmating enae of bank-bhwr 3he S (4«) fist In >0 
font by 18 feet drought) ouming clown th niir nt S 
Icnc to with a helping tub of 2 t > 21^ knots striu k an I 
slipped oB the aoventemi foe t lump at bii iv ( 17 
sheered auddonlv about 4 piinto across the ImiiiuI 
and I ollided with tho 3 

Cose 43 Panma - Pnnioaam Irnni Apnl 4 I'lOS 
Now York Lower Bay 700 fitl to I (K)0 fist north of 
the but y cm point of tho shoal butwuon Mam Ship and 
Swash Channola and 1 700 feet to 1 WX) foci wi st uf 
the red lidl-buoy NonourtdeouionwaHcyirnnilired 
on (he faets of this ease the following outline I > ing the 
reenlt of the author a attendance at lUi Irud The P 
(dJ6 feet by 42 feet by 213 feet to 21 feet drought) was 
gmng down Mom Ship Channel at lO'-i knots wliin 
■be waa overtaken cm her atarboard hand b\ tho 1* ( 
(524 feet by 60 feet by 22 6 feet to 24 8 feel dmught) 
at an eatliuatad speed of 13 8 knots The ebb tide in 
ereosod thoee spe^ about one knot and oltiwod tlioir 
apparent ecnirse 4 dagroea or 6 drgrois eastward When 
tho bow of (he F I wm abreast of the P a mid-leiigth 
and from 150 feet to 360 feet dutant the P sheered to 
port, tan over the perch-and-aquare buoy, and mn 
Bgroond The P libeled Uu PI m being the overtaking 
vemel and (he enfiae of fam going aground 

The ease is, in Oe writers bdief, a plain ease of re- 
puluon of the leading ibip during the Bmt phase of pass 
mg The watar, whieh ihowa a geoerol depth of 31 
feet to 83 hat (^ 3 feet of tade), is amidy reelnated 
10 aeMtmt f« tha sheer, whkb took plaoe agunit a 


hard-a-port beta In addition, the 1 40000 ebert of 
New York Harbor shows a single soundiiig of 23 feet 
at nr juat north Ilf the place of aheer butaohartofl 8000 
w Ilk h appoarod in i ourt did not fully oorruborote this 
lump But even without it a aheer on the part of the 
smaller ship passed at such speed and propinquity by a 
iHisil of over three times her tonnage drowing moet 
of the water in the ohaimd would be only natural 
This iw IH of further interest in that the olBeera of tho 
P I were, nut aware until they reoohed Oormany that 
their ship hod hewn rnganhd as nonneotod witii tho aeen- 
dont in anv wiy 

(asc44 Monlirey United Stataa Apnl 16 1008 
130PM Niw York Isiwor Bay Mam Hhip C hannrl 
]U8t abovi till I ntron e to Swash ( haniiel m almost 
the identical H|Hit of ( aae 4) exiept further toward tho 
westward mdi of the ilianiul Woalhn clear winil 
light tide last of ebb niltiiig 0 8 feet below the main 
low watir of tho chart aciuiidinga The twin at row 
BteainHhip M (141 fiot by 47 H leit by 20 fiet draught 
12 knoto) waa ovirtakin aliout abnaHt of tho boll 
buoy and we II o\or to tho w sloriy edge of the e hannel 
by Ihi U S (jUl foLt by 68 fi t bv 27)j fist draught 
15 knots) whi h waa lonyergmg on the M h emine by 
a liair point Tho elcarauci was ataUd as auything 
from 7 > feet to HUU foot (the intin widlli of the channel 
being 1 IDO fti t) the oourt faycnnnK 100 fcs.t As the 
I S tin w up abreast the, helm jf the M was ki pt steady 
a port a i autii n to the wheelsman to keii p her perfi e tly 
btraight and luunUnut nny Uudtnry of tho yitwla to 
VIor together Wbiu tho IJ b wna from unn-third to 
one-halt past and tho Uiw of Ihe M waa oppoaitu a pomt 
almiit two pi mta a) afl thi lieom of the U S the M turned 
m till dire tion of the I S nutwithatandiiig a bard 
a |N>rt helm and tho klarl oard i ngmi In iiig pul full- 
Rl amnstirn and tho port ■ nfcinB 11 iiig Vi pt going ahewd 
to asaat Ihe |Mirt-liilm U|HMiiUb«iDg found lliat Uum 
pre aulioiia did not liavi Ih diaired effiv t both ongiiiOH 
were nviThid at full hpiid but the iollimon oeiumd 
Ihe how of tho M alnking the starliourd side of tho U S 
al an angle of aU ut two ] omts There wen lao I Iowa 
on su <0 diug tbi iith r almost immediately 3 hi 
IT S waa damaged to aurh an i xtint tlial it was neecssarv 
Uilimlilur The M was bIho mnously damaged but 
hI I n maim d aflo it 

1 111 lump m till bottom of this channel mintiimisl in 
conne turn with ( im 41 apiarontly extinila ml inly 
ncr Ks till I linnntl The di plh at the, blae k spur lmo> 
upp mil the red hell I uo\ wan 2b 2 fcil that day Cun 
sidiriii), lliat thi M whi h must have bun elosi to Ihia 
liu V wu* drawing 20 fit I while tho U S dnw ovir 27 
felt till hllhliUat lump in the bottom vnmid auflleo m 
sldilien to the half point of oonverginw to develop 
1 su I lun bIk I r 3 In loU rot pr iximit v if I he bank on tho 
M s (.lorlM ard hand woul 1 also tontnl uli a atrong ton 
d n y to blitir l> [Mirt liwirds Hu U B 

It ifc als > 11 11 11 te I U ut whi rouH m many rases 
>f sill lion till hill I r k iin in apiu of hard-over hilm 
III lliis IBS, It dilii 1 111 nlrulling jiwir of twin 
MnwH as will lu till ( 11 01.1 Ow go lane (nit 
nporlnl I in) llio lall r mkhiI whin she sheend 
ilra^giil one tug sidiways through tin waUr bFuadaiila 
nndiiiirani I In dir s t i ngin | iwir uf anolber work 
ing m e iijun In u with j artiul p wer fr m her own 
(llginih Such fa Is os lliiiu show li w uncunlrollable 
IS th form ef suction whin imi luiUated 

Cos. 1, Miinia Sif November 2b 1908 2 P 
M Deiawan Rivir ( hirrj Ihland ut opinisiH 
Wiliniiiati n Dll dig 10) w atliir iliar and laliii 
llndtili In till lUt whieli IS alniut 7 lO fml widi 
bv I < r 11 ill I p 1 y I luirt r 2<) fee t b} li atimiin} tho M 
mu fut ly 41 tint I V 21 fi 11 draught) wanuyirtakou 
on her inirt suli liy thi S (i2> feet by 47 foot by 21 fiat 
droiighl) S|ie I iIh are not stated rliaronu stated eon 
trodk t inly but ai eording to thi S WO fml to 400 fiH t 
A cording to toatunonv on behalf uf tho initial ricaram e 
when thi y began to overlap was 100 fisit to 150 feet but 
lliat an the S gradually dn w ahead of the M thi former 
I umi need slightly ii|Hin the louTBonf thoM autliatwhin 
thi S was about half way by the M tho distanee betwn n 
them bad been redin ml 11 from 50 feet to 100 fee t when 
the engines were aluwid tliin stopped and finally put 
full speed aslMTi and Ihn helm a-port Notwitli- 
atanding this maneuvc>r tho M enntinued to appniaeh 
the S more rapidly and thm gave a aiiddon dive in 
the dune lion of thu lalti r tho bluff uf llio M h port Imw 
sinking Ihi h on tho starboard suk it a imiiil almut 100 
feet forward of tho latter a atom Both vetsiolk win 
myurod 

Tho roiirt quoted the opmion of Judge Gray in C aim 
25 In thia presont case however in oontraat with ( aao 
19 the pil it of the overtakon veam I waa commended for 
slownng his enginis In this ease too as m several 
nthiira the oourt leant toward the smalta of the van 
ously stated eliaroniis on tho ground that tho timi 
available would not pmmit the aheenng vessel to cross 
a wider mtarviming apaoe But h neoriy all these dw i 
atona have been lendernd sntbout amy mom aoeurote 
idea of wotwu than m a bodily attiacbon between tiie 
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Plancton, the Ultimate Food 

Vast Resources of the Ocean from Which the Fish Obtain Their Sustenance 


Onk uF llie iiiiiHt liiilliatil iu'liii'viiiii>nta iiF raodam 
blolofiy in Ihr ilpinoiwtrEtion of thu viihI varioty, bulk, 
and impurtani^ of tho livinu oreatureii, both animal and 
vccetablo, whioh Hwann thiokly in tho ulnaniiit M>a-wator, 
and an known rallootivoly by the name et planoton. 
Hinoe tho ooeau oovon two-thirdi of tho uufaee of the 
globe, and dnoe thme aqnatie forma of life eiiit througb- 
nut many fathomn of doptba, initnd of merely in a thin 
layer of oarth and air aa do terreatrial enatiuei, it ii 
obvioua that lliey arc enormoualy auperior in nuraben 
and in autual “tonnago.” 

But the very tlnleat of thane, tho low vegetabla forma 
whioh derive thdr nutriment dlreetly from the wntar and 
ita hioigaaio ronatitutenta, thomaelvea beeome the food 
for allghtly higher forma of animal life, and theae in turn 
feud atiU higher forma, ao that the humbler marine Ufa 
ia tbo ultimate iirovender of thoae food-Ailiea whieh 
■upply 10 large and inoreaaiDg a portion of the food of 

MilUona of the planotonio ereatnrei are either mioro- 
aeopie in riw or lo tranaparait m to Tm Inviiible or¬ 
dinarily. However a pretty experiment demonxtmtoi 
the pieeeiiee at eome of thwe tiny forma. It (KHMiita 
in pUoing a glaaa diah fall of oleor aaa-water in a dark 
room Mid then allowing a beam of light to fell upon it. 
Jut u eueh a beam wiU ahow the motee daneitur in air 
it will allow thoiuauida of aUnlng partlelaa whioh are 
really living beinga danoing in the wat«. 

The plaiwtoiiio oreaturaa are divided into two gnat 
eloaaea, tboao whiob are pelade, L e. the onaa whota wbola 
Ufa, both larval and adnlt* la apent floating In water, and 
thoie whieh are attaebed to the eabiiiaritte aoU during 
part of their ealatanoe. The latta am found eipaoiaUy 
in Uttoral wateri. Maiine pkooton, whioh le of aonru 
far mora important thaa the fieah wator iflaaoton, 
thoogh tlda alao edata in great qiiantitlea, k elao divided 
into tha oeeanle, found in the d^ leaa, and the neritio, 
wUeh ia found near ebon, that ia, above the oontinental 
plataaa. 

flome good work bu been done in thla ooirntry hi die 
atady of jdaneton, aepaoiaUy on tbe oout of C^omia, 
but tha great authority on the lubjeot ia tha welt-known 
Meiee^ Dr. RiehaiU rf tha Marina Muaaum of Monaoo. 
Wa are Indebted tor Uw faoto In Ihli article ehiefly to the 
aaaearehea of Ih>. Riohard u reported in a reeent enoy^ 
ohipedia artiaie in Larautt iftnnul. The fint method 
at aoUeotlng pianoton for atudy wu by a net mueh 
reoamUtag aa ordinary buttwfly net atuohed to a Uu 
tnataad of to a pole and trailed behind a boat. But tho 
reaiataiwa ot water ia lu mush greater than that of olr 
that tha Am aOk gauie or boltlnr«loUi uied for the net 
Interfared with the flltarlng of the water at even a modern 
ate rate of apeed. HenM Dr Rlehozd modified tbe 
•hope of the net by maldng Itt length greater end ita 
orUlM amaller Tt^ Inoreaeu the imfou of flltntion 
the pUaoton eoUeota in the end of tha long elgar. 
lhapad net and ia eiamlned at lauun in tha taborat^. 

A vary Importaat point la to tut the anoont of 
pionaton In a given quantity ot water. Tbia ia aeoom- 
plUied by emptying the ptoneton into a graduated 
buktr. At the end of aavoial boure it bu ooUeeted In 
tha bottom of the beaker and lu balk ia indimted by tha 
flgnn at whioh it lUnda. Thu an eatiiiimte ia readUy 
farmed of the comparative aUmentory tiehneea any 
tfiveo ana of tbe lea, lofonuatioo of great ptaotiOBl 
valneln theflahsrleainduttriea. Bnt it ia UkewlM hi^ily 
important to know the nature and haUte ot tbe apeeiea 
found, aiiioe aome of these form the thvoiite food of oar- 
dinm, lohetera, arabe, ood, herring, or other of the ohkf 
food flehei, and a knowledge ot their habita and their 
baUtata la immenaely uoeful to the flaherman who wonid 
make a fuU haul. 

Sooh exapiiiiation of ipeeies ia ohiedy oondusted in tha 
laboratory, but preUmlniuT work ean be done on board 
•hip by an apparatu invented by Dr. Riohard, which 
aonaiati of a glau dirii filled with the water to be ex¬ 
amined, a lenae, a mirror ladined at an angle otdSde* 
greea, and a white roreen on whieh the imogu of the tli^ 
nreatima an thrown; the apparatu la oompleted by a 
devioe whieh oompenaatoi the roUlng ot the veaaal. 

It ii very beaut^l to oea how exqukitoly tha oreatuiu 
which eompooe tha pbneton are adapted to tiwir paeuUar 
mode ot oxiiteneo. The nmat itrUdng future of thk 
adaptation la the oryitaUlne traniparenu of moet ot 
tbttB which it to fttetiiyiuii tlm from 

ihic witw which wmmndi them. *'It U very oorioiM to 
•ee muaolea, oartOagea, and tagumaita whioh raaam b la 
gfooe wlt)^t being altared far their fnnotlou; they can 
aeum be dktingniabed from the water exoqit by mJngliiii 
tharawlth aome laagnt whieh kOa them and eoegulatM 
and rendsn opaqu tbalr tiwiMa*’ A afmllar modUea- 
ttm ia the elaar Uuo tint of many of the pehgle oreataru 


which Uve near tha Btnfaee ’nia ia a very eharaeteriatie 
eaao ot proteetivn erdoring, and ia never found In apeel- 
meu found at great depUu where the aun doM not 
ponetrata. 

Binea the tbanea of theu anhuali ore inflllratod with 
water they have a daiuity Mipraxlmataly that ot Uw water 
by whieh they are lorroundad; hut ainee aven theit 
very lUght ti aeai of denilty would earry them down 
oooner or later they ate provided with apeoial aompen- 
utiag appautu. Amnelistee they have flu whoae force 
can be aaertad in a dlraoUon aontwy to that of gravity; 
or they may have fluts eoniiating ot a drop ot oU w a 
bubble of air la a eontraetile lae. Still othera have ap- 
pendagea abaped lika paddlot, or Uko teathen, wheoe 
lutfaM reabta tha downward puU. 

"All Umm ereatureo, to diminiab their denolty, have 
eliminated tram the aganlim tha heavy porta—tbe thiok 
boneo, oompaet abeUA, reriatant oarapaou which are 
bmne by their eongwen of the littoral and the bottom. 
Thu OM obeervu very onriou eruturee among them, 
whoM vlaoeim ooeupy a oomparaUvely imaQ part of the 
gelaUnoas inaee of thrir trauparent bodlee." 

Very often the pUnetonie animala adiioh live leveral 
hundr^ meters below tha aurfaoe have devrioped eoor- 
moM eyu; their aalennao and their elawt an idongated 
atro, and the minute mgau of lenaatlon whieh cover 
their bodiee an hypartrophied. Tbe pelagic animali 
wfaiah Uva at great deptha develop “teleioopie" eyu. 

L e, they are eyilndrieal iutead ot globular. Thla ii 
only fonnd at snob deptha that only the ultr^viidet rays 
of the aolor apeotnun ean penetrate. Another notable 
future is that the otuyst, tbe organ whioh replaeu the 
ear In inferior scim«i«, b UgUy developed a^ aoU u 
an ugan of equiUbtium. 

Their feonn^ty ia, of oouna, enoemou and tha ship 
“National" on one oeoaakm abaervad a great aararm or 
shoal of one variety fluting on tha auifeee and no leu 
than 360 kilometers long. Obviously luoh a huge mau 
of tempting food material will attract hungry sohotda 
of fleh, benae it is of Intarut to lesm what conditions 
the presenoe or absenu of varlou Idnds of planoton in 
any given loeaUty. It bu already been observed that 
the compoeitioii of tbe planoton in any place variu at 
different setaou or even dUtemittimM of the day. Thu 
they will deoBaiid when tho luifaoe of the oooan la agitated 
for their bodlu are too deUmte to bew vlolant motion. 
Rain idao drivu them down, tinm they on not fitted for 
oontaot with freih water. Soma oannot bear light and 
fly from tho approach of daylight, whfle othen exeouto 
the InverN movemeDt Henoe the "utoh” of planoton 
varlw aooordliig to whether the net la oaat by dv w by 
night. Somo varietiw appaor only at oertoin laaaou 
of tbe year, which (act may be due to voriationa in tha 
temperature of the superfl^ layers of the water; and 
atfll others ^pear only at Intervaia Of lewal yean, for 
reasons u unknown. Such fhote u theae are of 
prime ImporlaiiM to the flaberman, and It la hoped that 
when theu movements ot iflanoton are fully understood 
muoh of the praoent nnoertalnty in tha flahsriu Industiy 
OUy bo 

Mut of the plantonio pleats ore mieraaeoplo algae, a 
large peroentege being oompooed ot fanmenu ahoola ot 
diatom. Theu on mut abundant in the oeld watera 
of the temperate and tbe polar seoa It has bean aati- 
mated that a cubic meter of water off the coast of le^ 
Infill oontAini 6 bilUoiu Uum Anothiv ^a****^ 
apedM b the peridlnlana, whioh ere ronkad oa phnts 
bscaue of the Qcrapaw ot oellnlow, though some of their 
ehanetsriatiu relate them to the pratowa. 

Among the priagle protosu spedoi mention ia doe 
to liie /araatia^ara. Theu seetsU a tiny ahaU of ani- 
eoraffu matter, through whoM aparturu extend the long 
fllaaant of the onlaiai'i golatinou body. When Ut* 
Mibtpi diu thiaiheD ia no kmgv buoyed up and elou^ 
rinki. Mon than ISO tnillkm Kun Uknaeten bf tha 
bottMi ot tha aka on tUoUy earpeled with a maaa of 
tbesa tiny aballa, Neorty two-tiiirdi of the bottom of 
tho Atiantie la oovemd with them. A ewiou (Mt la 
that tfaoy on not toahd below A,000 matera ia depth, ba- 
eanu thair aubMihea b«b« tUghtly aotabla in water k 
dkKdvod l9 tiM ttoa it fans rawhad a oartaia depth. 
It b of tueh depoito aa tfasse that our aadhaantaiy roaks 
ora made. (MmHair dvorits an mode by the spaaka 
rodiolaila. bat aa thrir ikakton k rihefaMa It kkaa aolnble 
and k thsrsfon hmnd in nay deep anaa «r the PMtte 
oooan. The eomniea ph n neiawmi et p h ei ph a r aieanai 
In salt water k dna to bDnt apaekk, and ptnqna ^lie 
take Mo-baiha at night eftim obmrva lUniai fleekelPpi 
aeiain ot phoqiharu eihg^ to their 
. Otitacvarktkaawaieuakeitreaadtheii p haa ai HItrei i 
Ako the larvae af the and ef jila, 

thaaamaybamanttoHadaarkJninmhiiae, E V ai k a m^ -- 


inhngeahoak. They are tooM in aU Saaa and lemn lha 
bask ot the animal nutrlmant of marina anhkakl A k 
theu above sU on whieh the urdne feeds and Ot novifo 
menta of shook of mydlnM foUow thou of aapapadi and 
peiidMaaa. Doabtku the pmsanu M tha kttu k 
dependeat on varying eondMon* of t eni p a ntnt a, ealh 
nity, ete., and the mipareotly recondite lahofi of tha 
marine geiflogiat may prove of tavahahk eitmimarial 
aid, another argument for the liberal nweet ef, pm 

Much remafaia to be done in thk vast and fertik flaU 
of invutigation, upeskUy in the study of palagte p***"*- 
ton both on the aurtaro and In tha depths ot the Bin. In 
oloaing, a word muat ba given to the qweU nit davked 
by Dr. Riehatd for obtaining drop un pknnton. tUi 
oonikts ot a aqaaro tnina nompuad of iron rods, aaah 
4 metan kng. To thau aro attaehad triangdar pkau 
of ekth ot aueh mesh u k darind, bom that oa eoana 
M eanvu to that whkh eoBtalni AJIOO tvertona to tha 
square oentimetar. 

Theu triangks meet at a oemmoa apax, thu teeming 
a huge pyremUU Thk k lowered by a steal aahk 
opamtad by itauH>o«er. To flab at tfiOO mekn the 
saUa muat ba HMWO metota long to allow for fta ehttgpa 
line when the boat k movinr. When tha boat atopa the 
net k drawn up very iloi^ and earefaUy. At IlfiOO 
meten dqith the edumn of water ebon the top ot the 
net would have a vobnna of SOJIOO enbie mstsre, and every 
drop ot thk vut amount mut be flhend thnu^ the 
meahu ot the net. The reaultaat oateh eontahu all the 
planoton axlitlng in that vast bdk. Dovku have also 
bem invented for aaenting tha aatoh frqm a givsn layar 
at a given dapth, abutting off tha top hyma, bat u yet 
have worked impetfutiy. 

OOFUten 

Acoonuo to tbe Leedois Ttmoi a form of «U ffltar 
and drier dseiinad by the BrlUah TbomaoD-Houtan 
Oompeny, of Bueby. k apedally Intmided for tbepnriff- 
utloa ot oil ucd in tTanafonnan and other 
oU-fllkd apparatus, though It un ako be naad tor tbs 
treatment of many otbar liquids os wall u hMvy 
vlaeou componnda, the latter baliiB pntonUy warmed. 
Tba Inpartanw of dryneu In txameCwnser oOe la Uliia. 
tnted by tbe toct that tbe qaantUy of water present 
mut not exceed 0.061 par cent In order to obtain a 
dielectric atrength ot iOjXlO volts to the atuterd taaf 
(ai inch betwseo dlaka 1 tneb to dbuNtar), as re¬ 
quired tor hlgb-tanaton srork. Hu dust, 
metaUe, la almut u eseettve aa sratar to roductog tbo 
dkleetrio atrengtb, and It k, tharetoro, naeiHuy to 
remove any ledtoiant whkh may runlt from long eoo- 
ttoued buttof, to order to preserve the nermal vkooalty 
of tbe oil and to prevent toorutatlan of tbe totorier 
porta of tha trenstoniHC and the rtnggtm of tbe oil 
nbannela In tbe B. T. H. oirangsumit tho oil to 
pumped nnder a pree en re of 36 to 100 pounda per aguro 

toeh torongh kyan of pnre white Uettbig popar 

prtoripally from wood pulp and aopperlad In a edtoUe 
ffltar pnu. Moat of the uIH mattar la eonght by tha 
flnt toyar of paper, while the water k rriatosd by eapO- 
1^ action to the paper, tba oepUlary attraddeo betwaan 

tbe.poiwr and the water being greatar than botwew tba 
pnpar aaAtha olL Iha praam an made to two etand- 
aM'rimn ana rdnah. with 14 etoimban,1uivlng Tegwro 
tost of flltarlng lurteeak and tbs othar U taciwa, with 

80 ch a wb a w , haring M aqoua ftat sif eutoro. •poriffl 
alaotrk prmt ban ako bean Aw drying tha 

ffltar papar. The effbeto ef ffliailiig ore lllutnttad 
a tori eoMaa dnt <to oU wMfh had Horn in we fth 

■BmitlOMftM — e.-.. ^ -- 

ridik Akii eketrodae <tf (UW iak apart; 1^ 
trotkn Uhroka doem et lf^alw Tffltot end B«armiae- 
riu dundtoi tt Wiaietoed.««000 ulto wffkggt hnfflt 
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The Function of Enzymes* 

Products of Living Cells That Affect the Chemical Operations of Living Matter 
By Samuel C Prescott 


Tat itudy of the ehemioal or phTnolofietl tetivitv 
of mUi, whatlMr ot mwtobM or of men ii mt onoe one of 
the Boet mtweetiac end one of tiie moet diffloult piuh- 
leiM of the bmlatut, for it aeekt to diMUMe the eeente 
of Uh pneeiiM How doM e dbeeee aerm prodww lu 
pqtMO, or e yeect eell brus ebout ite ebenotemtie f«r 
nratetionf How do w« oeity on dioee tnoffonuetiooe 
dr food mnlenel by whioh beeCiteek end breed end batter 
•t oBoO beeame eviilebU icnueei of enemy nod netter 
for oar Urine BUMtdne? Howdoeoepotntomnmitoetare 
itareh in lU leevei tniufer it to the arowntf tuben 
ond there itote It np (or fnt«m noef 

In eeeh eoio by Bwene of eneymee wlneh wo mey 
deSno oe tfao toide of oeOe nnd the reefente by wbrnh the 
obrauenl reaeUoni of eeUe of oU klndi are effeetad 

The term tamuati * woo flnt uied early u tbo mno- 
taeath oentniy by Mwenn nnd Beneboe Afterwnrde 
the word wne oe^ eomiewlint indieotiffliiietaly, meeainc 
either n miarootBOiiiam of fennentetion or • iiiiMnUa) 
•nhotonoo whmh m tome way wee reUted to bring oeUi 
To dittuguleh between theee the phyelologltt KShae 
raggcMed the term enryme to deeigDete the digeetivo 
formanta eneh u p^n trypan nnd ptyebn The 
word hae now beem onlrerially aooepted aa the name of 
ngiwvafebemlcalbodiee pr^ota of bring odle whioh 
have the peooUar property of eHeotiat the abemieil 
opeeatunu of Hving matter but whieh do not enter mto 
the final prodoeti of tbeie reaedoni 

Chemuitry oannot ptodnoe enrymea for they are 
toond only aa the pradueta of (wotopleam of bvug oeUe 
end It makea ho dillamioe whether we are deetang with 
the nltra^nSoRMoopM baeteriam or the giant redwood or 
the whale, the ohemieal eetiritka are due to eniyniei 
ISntheimare the eeina kmd of eniyme may be produoad 
by organUma of widely dUferent eharaeter aa for eit- 
ampla tba tiypam of eartain baetana of the oamivorDua 
^anta hko the Venni Fly Tr^ and of the human 
hitaitfaial traet 

fltaee the vanety of ohemieal proeeaiee earned ont 
by hnng oella u large m number it foUowt that the 
number of eoxymei u legion Even the number pt»- 
duoad by a mmute bacteria eell hardly nnble with a 
high power of themienMaopeinBy be eeroal while with 
amaaiimi of highly epematiaed form and phyebdogioal 
divMon of labor the number la greatly Inereaied In 
man at leant fourteen ore known to be dareloped m 
tbe nUmentory oanal and to taka part In the proeen of 
digeetum while tf we added aU the other ohemioal 
ehangee whioh may be elaborated m the body a* a whole, 
our eatalogae would be grea t ly tm waned Moreover 
we may aarame that there are many entymai which are 
lUU unknown for the enaymea may ba intia^uUr 
that li acting only within the nril u weU oa extia- 
ernular or eictruded outade the oell and ao poanUy 
oapaUe of detoetion The poutava knowlodge of the 
aetlon at InWa^^eUuUr enivniM u ibU veiy meoger 
although when Bfichner dlseuvemd Evmaao and a method 
torhaprqwratlonin 1807 the first great step forward m 
tbalr atady waa made 

What an ensynM really u eannot be exactly stated 
An eiuyma b known on^ by lU reaettooR By their 
works ya shall know then is sMenUallv true in the 
fstBMBt world We emuot even teU their oompontion 
or te wbat ehwe of dMaiipal anbatanoes they briong for 
they have never bean obtained in pure condition It is 
gsasnUy assumed howevm without proof that onxy- 
BMi ate pMtrindikt fai oharactw In spite of thia m- 
dafiaitaoaM and the alnalve aharaetcr of theas bodiea 

knbwn and on tbeaa poiiita all eomeo bdiava in Uka 
B*lUiw,aftl>oiighdift^dia«ineUy gam other ohei^ 

Mbataoaaa 

Wa tapy tbua cagard e ns y ma s aa fanring a qiaeial 
«shd paedkw group of ehaoM ocaopoua d a dritsnng 
ta otiubf wnya fknin other «ihataaaaa» nnd eipaelally 
ia tbalr niMtoa to the hw of main netkm ai ihown by 
tU giMd dtvmorttori batwaan tha aaeopnt of tile aetiva 
ad b etaaim ^i li J ftpawaatatof mat a ri al nh a n ga d . Agood 
eaaanida af IkU kntuH, wbMi it haa Ww atatad oaa 

doag^iM iMw SKMioo to ain/no tlM 



solutions for s< bon othen arc nuMt rigorous m sbghtlv 
acid or ilightiy sUcaline media 
Sunilorly temperature may play a lery important 
part in tbo oontrol of eniyme reaebon In this respect 
these aabatancen behave closely hke living rcUs and like 
certain londa of protcliui Sathonsviue has amasinium 
a minimum and an optimum temperature of aobvitv 
juit Bi micrahea have and like thcae if heated above 
the mexunum will be rendered macbve and finally 
deatroyad This thermal death point aa it may bo 
called is very near the aaagulabng point if albunun and 
not far from the death point of meet vegetaUvn bai tena 
Another iimtlanty to the pnib ins lies in the fact that both 
euymea and albumins am pmiipitated bv oonaantrated 
■alt solubotts such aa ammonium sulphate by akohol 
and by mlta of heavy metals Furtbomore they may 
be more or leas completely methanKaUy pncipiuted 
with lloosutent or liulliy iwei ipltates as by use of phos 
phono amd and lime water < ertam pohons may also 
maobvate auynut Substanoes which InU bring oells 
bka fonnaldehyde hydroeyamaacidormfiteunrohloride 
will in geneml loll enzymes provided the solntioni 
used an strong enough and inffloient bme is allowed 
for the destniobve aetton The enzyme has a somewhat 
gnaler roiistaaoe than has the living eell but the dit* 
ferenoe u one of degree rather than of land In faet 
so closely do enzymes oorreepond to mioroHirgaiiliiiii 
In briizvior toward phyiwal zgenoiM pouonz eto that 
we nae the Bune temunology m disLUsaing them zad ipeldc 
of the pouoniiig or loUing of the enzyme Other 
zubstanoes luoh aa toluene rhloroform and a few othen 
permit onsyme roaetum but lestnin the aebvity of bvmg 
oalli this givug a diSerentiatlon M great value in study¬ 
ing them 

Bnaymci olso have many propertieo in eoimnon with 
tbe tonns and so far aa b^ reaetaom go seem to be* 
long to the same olaia of orgamo compounds When 
a toxin IS ugeoted m small amount mto the body oertain 
ehamisal changes an set up and there la soon formed a 
■o-ealled amtltoxm which nsntnlizes or inaobvates the 
toxm Bmulariy the t< bon of onzyniM npon the tiisue 
of the Uvmg body la affunted by tbe sanetlon of anb 
enaymea and tha injection at foreign protems mto the 
body may ba followed by the manufaotnre of a pnv- 
Qipibn which will praoipitate that parbeular proteu 
and no other Thu ipee^ aebon u ehanoterisbo of 
enzymea and toxina as well as ot protains In view of 
the fact that enzymea and toxuu are bke proteina the 
prodnota bvmg eella it may not bo strange that thu 
similanty u found However we ate not aUa to say 
that enzymes am proton in eharaeter but rather that 
they are found in aasooiation with protems The purest 
enzymes yet prepared do not give protem reaobons 
Mi^ver mineral aalts seem eeaential for their aotion 
Wa may explam the mnehanimn of fermentation and 
putrefaebon ohaaget on the baris of the eniymes pro- 
duoed by the UMitmg otganums for m reoent yeaii 
It baa been shown that the enzymes ozrrtully prepared 
and ted from bring orils will oarry on the same ehanges 
with afanoat mathemabeal pcedwon In yeast for ex 
ample Bfichner found withm the eells an anxyme which 
eotdd only be extmeted by grinding with fine eznd wod 
lubjeoting to enonnouz treasure but whiih when thua 
obtoinad ptodneed aloohol and oarbon dioxide from 
•ugar m exaet aooordaaoe to the obemiiBl equation 
whioh had kmg been used to re pre t en t tha fermentation 
Thus it waa ihown that mtra-cdular enzymes axiit and 
wa now baliava that many pr o e iaa o a talaiig pUoe m 
bvlng edb—psrtiapa all the proosaa o a are the reaulta 
of anayma astirity 

Etaoe tha ohamlori natora of enaymM u so largely 
imkhown, wa aan daasify thain only by tbalr action on 
vnrioua oomponiida It is poarible however to group 
them into tha tour ol assas of hpdrsiimiif or eaunag the 
addition of wntor to oertain snbgtanees Meat enzymat 
aetiag on oatibohydratM ars of tins oloao So alio are 
Iheaatimtaisetfato and fihamaionty of those produe- 
lag known ptotoolytio ohangoo Tbeae nro beet repro- 
•ontodlntiiaptootataooldltwtMn A second group are 
tiw ZysMsa, or those prodnehic tbe apbttlng ot bodies 
into timidar alaavaga prodoeti without any hydration 
Tha alaohptts fannsntation is tha bast known of this 

Ite WBMwdnt two olamaa are the onduiag and rs 
tiMfag «HyiiMa, produeug tha types of ohanga implied 
Qf tha (oriMri tha pcadnotion ot vmegu is a familiar 
matu, ilddMl biii« oxidued to aoatie add by an 
addataiMMtMsdhythaaaatiobaetaria Soah famiUar 
tehtohw af fet^ ent Mitinto of Mta 


(zpplt s) I r the quick ebonge of col r when mushnmms 
and l udstooln arc Iroken also Itlung t> this latigury 
Tbe nduibm pro csroh are of eninn us inrlity in na¬ 
ture both in plant and animal Ilfi While typically 
disbnguished ly the mdu tun of hvdrigca piruxidc to 
water and oxygin thus Kztalasos as they are called 
may also reduci sulphates lutrzbs and tanoiu colonnf 
matters as weD aa i thsr oompounds Upon the acUiity 
of enzymes may d( pond all the eompUv s nes of ehangia 
oxidatioiu raduiti ns synthktic and analytic changes 
which charaoten/e ihi pr moss of growth and decay 
icnovabin and destruction in the cell and in tiuues 
Tho phenoiiunon on intrz-orilular fermentabm seems to 
bo closely linked with enzyme b< Uvitv and Uh build 
mg up and breaking down of protopUsm itself u in 
tamal^ connected with mtra-ccllular changi a and energy 
bberation 

There u reason to keliete that sumo enzyme aetioni 
aro hko orgamo chemical n actions retimble Thns 
maltase will spht maltose into two mnlecnUts of dextrose 
under the or^nary conditions of aition If however 
we add maltase U conctntratMl dextroae soluUoiu a 
■mall amount of maltose (or leumaltuse a smubir sugar) 
will be formed the reaction proceedmg until a eertau 
equibbnum is established This has not been demon¬ 
strated for all en/vnuH and sumi eminent auibuntles 
divide enzymes ml Iw buuni only one of wluch w 
oatzlytio and ozpable of synthosiruig u well u splittiiig 
■ubstanoee while m the other no trace of synthesu has 
been observed 

On the snbjeet of tho origin ot enrymes and the oauses 
atunulatmg theor activity many mtensting ohaervataona 
have been made Some enxymee are produeed by oelli 
in suoh form as to reqmre no furthw aid to render them 
aetivo Others require the | rezenee of a zpoeiflo zub- 
■tanee known ■■ an zetivator The pepeb of the atom 
Boh IS produced by the oells ot the geetrio idxuls ■■ 
a zymogen ealled pepsinogen whioh under the mfla e m m 
of tbe hydroohlonn acul produced at the time tbe 
itomaoh Is funoboning becomes ehanged to pepem We 
do not know how tbe enzyme and tbe and si« zasoeiated 
but wo know that tba latter is neoessary for tbe pro- 
doeboD of pepsm and also for its action Baylies baa 
deoonbod another instanoe m iriueh the aotavoter itself, 
enterolnnsio aeta as an enzyme upon tbe zymogen 
trypemogen thus produomg trysm but without enter 
mg mto the aotozl formation of tbs finizhod enzyme— 
trypan If this view is oorrect, wo have m effoet one 
enzyme bringing z second into existenoe In other 
instanoee zctivath n m cllei ted by metals sz m tbe tae- 
eaae the oodiznig i nrymo of the lao tree of Ana whieh 
requires manganeeu or by salts snob as phosphates ■■ 
m oartam aleohobc fsrmontauons 
In spite of tho apparent lack of exact knowiadge of 
the eompoatioD ot enzymes and ot all thaur aetivitiez 
we find ID tbw gronp ot zubetanoee agents whioh are of 
direot uid eertam appboabon to industrial proneaase 
Brezdmaldng brewing oheesemaking eertam phases 
of taiming as well as the pteparatu n of laoquars and 
oast >r oil are a few of these applioatums 
Hire u a field of great promiae and inflmte mtorust 
snro to yield teiulta if mveetigated patiently and oon- 
SMtently by the sen ntizt who oombmes a de^ knowlodge 
of orgamo obsnuetry with an mtimato aoquuntanoe With 
ooU behavior and aotivity and this field of bio-aheimstry 
u snre to find greater fav >r m tho immedutto foture 

A New Teiephoie Becam 
At a recent meeting of the Boyal Bodoty a now form 
ot toIepbODO receiver waa exhlUtad that waa aboat the 
size of a half Inch aeeUon of a lead pandl Ite sped 
men shown was made at the labantory ot the Onlvera 
Ity of Utrecht, nndw the anperridon of ProC. Zwaardo- 
maker and had bean In nee for aaveral moathe wlthont 
showliig any slgna of deterioration It is stated that la 
the new Inatnmient the dectro-magnet and diaphragm 
<a the ordinary tehtphoae ara ellmlnatad, and for than 
la snbetltuted a loop ot very fine platlniim wire within 
a small cover pierced with a mlnnto bole. Ai enrrenta 
pass throngh tho wire tbay eaoM amaU inereaies and 
deeieaMw ot heat and the consaqnant expansloiiB and 
contractioas of the aarroandlng air become evident aa 
aonad Owing to the i ma l ln sae ot the reedver it can 
be put In tho ear and sounds are not confnsed by extra 
neous ndM while the fidthfnInMa with which tiie In 
tonatioas ot tte votoo art tianaadttad U lamarkablo. 
Ite whole appaiatoo Is men oompoct than tho oral 
noiy InstraaMDt and tte ooat U low 


SCffiNTmC AWSraaNWS^ rjutwisaiH 


Roentgenology in War 

How Modem Science is Brought to the Field of Action in Wajr 


VnT mon oftor the Ilaentgeo rajn became kiuiwu at- 
tompta were made to apply thU branch ot diagnoaln to 
wouimIh. Hucb oipurliupiitH were tried aw Iona asu aa 
IHOe by the Italbiiia lu the Abyaalnlan caiuiMliin; then 
In IMIT, durlna the (IreeK-'furklHh war, Kllttner made 
uae of the Kneutgou rays In cxamlnatiuna et the Ylblls 
iHHidtnl at (hMiHtaDiluoide, uh did alao Alibott, who waa 
rarKnin on tlie cireek aide, at I’balenu. After thia 
wurk wuM dune iin u nnnll ecale In the eoliHilal warn of 
the Bniribili, and llnully Unniitaenolcniy won cHtabllahed 
uu a much Htrniigi-r tiuide tbrouab Itn wide une in the 
HpanlNh-Ainertcan wnr, IMIM-IHOI), and In the Ihier war, 
IHbB-lBOU. The Uerero reviilt also gave occanluu for lu 
mupliiyment In the treatment of wnundM. ItoMitgen 


weight, and oooaeqimtlr Utam am deflnita limits to Ibi 
use. A benifne motor bdne nacMwry for tha lenent 
Ing of a enrrant, tha thooght natnrally ooenmd to 
work oot the entire field Roentfan apporntna aa an 
autnmuhile, and tons to nnlte in Ingentons manner 
the means for generating a carrant and for morlng 
abisiL ThU Idea, which at the present time the French 
have pnt Into practical nee, was debated long ago by 
the aermans, who finally rejected It The peenlUr con¬ 
ditions of a campaign on the eaitern bonier In whiter 
would make the nee an entomebUe very nncertain, 
cunaeqaently a field Boentgen antomoblle would fre- 
Uiicntly be condemned to atand idle. 8o on thU aucoont 
the Oerroaiu deotdod to pUce the mlllUry Roentgen 


made where Quiet and eettied c c nd i t lo ii g vnnfL 
thing ao OMtly to proenn « A fiaU ItcAi^ mti 
ahoold nut foil Into toe haiidi at toe edfol|'-«r W 
desttejad whan tfoopa am obUgad to fall haitk. II 
should aUo be reawmband that toe nee c< toe BcaalilaB 
rayi U a very preeUe proewe, null that nmgh wotk .to 
toe open elr wltfomt the e^nlpiMiit tor a dailt 
•to,, cannot be thought uC Oorndfnelitl^, thiaa otMte 
am dUtrttmtaa amoug toe mUlfoiy bamritaliL Thern, 
wham them b ipilet end aecnrlty, the Bnwitfiwi pcneaaa 
acoompUahaa poattlTe reanlta. 

The toief In dhgnoeb of tovertlgitlaA by toe 
R oen tg en raje it in toe finding ot ^tUntea of ahot 
have tematoad bshlud to tha body, to toe raoDgnltton 
of savam Inflammatory conditions to tha bony sbootorav 



The Oalffe-Puhard rategmphk earrtoge employed to tha greet maaanTara ef the Beat la 1M4. 

if. OHitur; K, startlns soar of the dyosoM; f>, drumo. 


raye wore mnoh used In the Rosso-Jnpanese War, while nntllt lu a wagon drawn by liones, the wegmi extenially 
lu the Balkan war there came Into active service tlie Ituing oouiewbal iduillar to an ambulance, 
moat advanced types of portable Itoentgen apparatw. Aa mgsrds tlw making of itucntgeiHniy esamlnatlooa 
An toterastlng account of the equipment of a military In the Held, says Hr. fltmoiis, the many experiences of 
Roentgen outfit, Intended for one In the field. Is given the campaigns first menBuied show that the Uowitgeii 
In Die Umickait, by Hurgeon-kUJor Hr. Btrauss, bend process Is unly aiipllcable when It b possible to take 
of a Reeutgon laboratory, who teib us tbat a Hold definite medical measures. To send the mlUtaiy Roent- 
Hueiitgea apperalua b dcddedly complicated lu Us gen wagon bi the spot where flrat aid ta given to the 
nuke-up. It must bn transportable, shtwld moot all wtmmled, or to the field hospital, which b often moved 
the requirements of modern Hueiitgenology, and re- five or six times, wtoild be nonsense. All demands 
quires n largo supply of photograpbic materbb as well that this should lie dime rome from those who ncitlier 
08 a large amount of additional supirilee fur the taking iindcntniid military couilltloim nor tbs Roentgen proc- 
of phutognphs, throwing light, etc. It must also have ess, Rianilimtluiis with the Kosntgmi rays cau only be 


ea Urn dying ot sene part ot a bone or sappanlloii, and 
In the datonntolag at Injnrlae to toe skalL Thb ootor- 
ally bring! np toe entire qneation of the nine «(.dfo|> 
nuab by tboea raye to Internal medlctoe, as well as, to 
mane degree, at the curative power ot the Hoentjen 
rays. 

The number of UoMitgen ontflb token into toe cam¬ 
paign by the Oennan army b relatively Urge, and toe 
wiulpmeiit b so coupleto that lalutary work b pnaalble 
lu those paits of the Uehl at war away from onltoary 

Bafoieta for Genua AunaMoa 

O-xe ot the many detalb devalopad hy the Oetmon 
army b what appears to be a new Idea to Urn rapid 
hauditog at ammnnltloii for all ebsHea irf atUUery. 
lu shipping shells, when they are being seat to 
the front. It b not custcoMry to box w orate than, 
and they are by no meeus easily baudlad on account 
of their cuuatrnctloo, nqwclally the larger sleea, lloig- 
ovur, If nut protected to some way they an IbblsT to 
Injury. To meet tbeoe condltkme tha Oermans have 
made baokeb ot varleus abas, acoonllng to the siae 
lit the shell to be bandied, the brgHit sbn contalnlim 
a slugb projectile. Other bnskets ore mode lu rations 
sbaiies, with nceptacles for shelb and cartridges. AU 
th(> latoat patterns of baskeb for trnJuqwrtlog shelb 
have ei^ strips of hard wood, four on the onblde 
■nd firar on the Inside, extetullng frem the top to 
the bottom ot the basket. The unblde stripe proteot 
end strengthen the baiket, and the Imride onee keep 
the shell In place. Twe stripe of lauree beltiDg ire et- 
tacbed to a clrcnlar leather bottom upon which the shell 
rmts, the outer ends ut the stripe being fostened to¬ 
gether, formhig B hold by which the shell ta Uftad fieai 
the basket Baskeb are mode to verloas staaa, eome 
with dlvblms to eecommodato certTldges. The baskeb 
are kept filled with shelb and cartridges at the oitUbry 
depots, reedy for qnbfc shtpinent to the front Tho 
Iswkeb probot the abelb end exphmlTaa from coubec 
with herd enbatanccs as well as focUltatlng their npM 
hniidling. Within the last few yean niiward of l,llont- 
INW iNUkeb here heeii wade for the Herman airayi and 
before the war large immben of baskeb were sent to 
Austrb and Turkey. 


with It a goodly number of extra parb of the apparatus, 
so that to carry the whole untflt a very large wagon 
b neceosary, as b shown to the cut of the field Roentgen 
wagon ttied to tha Uennan army. Thb wagon ooubtos 
an Inductor with a apnrk 4D ceottmetars Icmg, which b 
driven by a current of 30 ampena strength and QD volb 
pressure. Thb current b Intcrrnpted by a Wehnelt 
CfSttBct-breaker, the working uf the current being regu¬ 
lated by a iwltchboard. Boaldea thb apparatus the 
Nuiqtlemenbry parb mmitioned above are also sfaiml 
In tbe wagun. In all field Bosntgen ontflb tim great 
illfllcnlty Is tbe soncce of the current Onllnsrlly no 
dependence can be pbced cm the toaiice ot connection 
with an electric wire, eapecUUy to the eastern sent 
of war. Tbe current necesoary must therefore, he gen¬ 
erated. The only simple way to which thb can he dune 
b by a dynamo driven by a bengtos motor. 

None of tbe attempb to get nronnd thb dlffleulty hare 
proved really satisfactory. The entire riuwlng ut the 
aigwratus would be for simpler If It were paadhb to 
. generate a Huillclently strong current by meana of the 
condenser. Up to tbe present time, however, the eiperl- 
menb to this end have not been as suecesafnl as required 
/nr practical use, although Wammebdorfa Ubon to 
thb dlrecUiHi have hruugtat the problem nearer eolntlmi. 
The sfheme to repbee tbe dynamo and the baiudne mo¬ 
tor by-ffrmmiilatora mibt also be abandoned, for efbr 
the eceamnletill' Is disnhargrd the recharging to tile 
llaM b an UMertoto metier. As a rranlt of ell thaer 
foctors a field Itoentgau ontflt rapn im U i a,kMrr 
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tv A Mpw bf Mr O OfnOd Stoney nvd Miw the 
lartrtrtkiiiot MwihMiieal ICarww dluntiring the efleet 
tf viriithu of Tveunm. on tiauB turtwne InataUAbone 
Wlu4udstM» wid imbhihed In the LoiKtM rimei 
the Mther mA 

Hm degree at TMunm irliieh glvet the Nine vekMity 
rvtio at the eahMut e«d ee throuiitiaut any givea turbuie 
b the TaOBoni under whieh the beet reeulU Me obtained 
eone m naiitly a tuWae dea«ned (Or 90 liieh vaounm 
ber wu e f 80 (ndiee neiaifea moie rove o( bladee or 
vheele than dim dengned tor 97 isehee the number id 
rave «r wheeb on a p^en diameier in caioli oate bemg 
proportViiiate to the Bntiah thennia nmU available in 
the laagebetweai the Initial and final preaauna and ti in 
par atiu rea throogfa which the tuifame vrorin Thnemav 
howevar, be eonbderaUe latitiide m tho vdooity ratio 
at the eihaaat and wlihont aenoualy aSeiting the avail 


aAim SUB TO moB VAcumi 

The paaeantage gam due to vaounm dtprada on the 
ateam uoaditloiia, bemg mneh more with Iow>pnMure 
than with hlgh-praa ro ra ateam and the gam m Britiah 
tWmai unite avaflable la almnal mdependont of thi 
ateam eonditmia In other worda for aaoh degnw 
Ihhreahelt that the temperatun duo to the vacuum la 
radoeed than are approdniately 16 nune Untuh tbir 
mal UBita available Theee gauii due to vanuum an 
wholly attainable whin the turbuu (an bo auilal Iv dn- 
atgaad but for highHqMed largi output land turlnmw 
aUownnee muat be ma^ for miiuaeud Urn mal tahuce 

Ibr eamide in a 3 000 talowatt bud turbine at 1 OdU 
ravoitttioiia pet mlnnte, with an initial pnmure jf 171 
punnda UOdeg Vhhr euperhoat and a vaiuum of iU 
mehoa the oonauniptlim wiU bo about 121 puunda pur 
ktlowatthhour and Um ateam per hour will bo MOUU 
pounda or 10 poundi per aeoond Thi lolumo at cx 
hauat allowing for oondenaatioi] will Iw about OOUU 
euMa feet per aeoond WltbpreacntmaUnaliiavaiUlilt 
it b not in general ouatomary to go abovi almut IlGO foct 
per aaoo^ fer tho moan velouty id tiui bladee at the ox 
hauat end giving a mmn diameter of 42 mohm and m 
the blade helgfat m praotlae oaimut bo more than one- 
fifth of tbii or 84 mebM the area of the anunlua la 
7 7 aquare feet The vehMty of the ateam leavhut the 
Uadaa through the roatnoted area will then bo 780 feet 

per aeoond and mvolve a loea of 12 Bniuh thermal uniU 

mnnili^ that the veloolty mtia and aagb of the bladea 
la auoh that the ateam leavm them axially aa it eliMld 
toglvethaminimnmloM Kvan undw thoae Olinditlona 
however there la aUll a gam of OJ4 per <«nt between 
98faiiibeaaad90inehea vaeoum For atiU higrr irawera 
howevar, theae effoota beooine m-wc pronounoed untd 
oondtaiuM are eventually reaobed in thia obaa <d turblni. 
bnvliva Ug^ raatrbted ixhauat end when nn imrenae 
In vneoum oauim no gain It la the oonatant aim of 
limlgniin to faiereaae the limiting vb< uum by unng higher 
bbdo ipoodi. nod enabling an exhaual end of larger 
iHmmelnM to be employid and thia la undoubtedlv a 
dheation In wbieh biercaaed efitcimiay m brgo powir 
Ugfahapaed turbiiiH b lo be found 

the effeet of meroMod bbdfropeed la v«v markwl 
aa fer a ^von vaeuum tho reduotjon m available gam 
vatlea mvanely aa the fourth power of tho bbdiHipeed 
ainoe aa the bbdediewhl eannot well be more than one- 
UMi at the wieen diameter at the bbdai the area at tiu 

enbauat win vary aa the aquare of the diameter orHtbe 

aquare of the « blade velooity Thecafote the longi 

tudbal vekmty varba bvaraaty aa the aquare of the uwan 
blada veioaltr tha Bnibh themud unlU bat mveraely 
aa the fourth pow* Of oouna, the redneuon can lie 
Uaad by adoptfa* b tortma with dottUe flow at the nx 
hauat, hut thb often fotceduoaa eanpUcatioai although 
ma^f bl[^iy aeoBwabal had tniUaaa of large power 
have been dealgnad an theee Hiiea Bonethiaf oan alio 
ha dbw by ahaptaffthaaBhauat mutably 10 aa gradually 
taredaaa tha vafoaity at the ateam on bavng the bbdta 


Buhef«dani9 akb oaAnas dcwvra 
Direetuipgpfod MMiib tufUaaa yqiaa^ from eon 
aVI b B rt temtuf vraHht and apnea, are often hbded no ai 
Ip gfeaualfotn vaiiMljy ratio at foU apaad with about 

9fl mehaa'raaoma# and foap vartaw oaaata many bad 

toWiei Ura babg telbiiy hiadad tn tarbinaa ao 
Uaded wltk ovAniit ateaB p wa awr e, it haa been 
fouadlq^abifitlithMtheitfaipeBfaMbrfwwumat 
foglead Mrt vami|»fo^fiBd9Ttoehw.*pMoeBt 

MMMhFSihl BMd. halnbad areik the 
of gfedlvMid auMtaMaally 

aaiBpMBfoaba^ jimtiwi Viid *t about j»H 

** HiBwHwl pimwiabt 


Qaated tarfaniee ean atand and ihould be hbded fur 
high vaenuffl and the bbding ihould ba for naarly the 
higfaaat vaeoum obtainabU In the waten m whieh the 
ahip tradea aa there b but hltie toaa by running n tur¬ 
bine bbded lor hi|^ vacuum at a lower one For ak> 
nmph itahouMbebbdedfor98MiBoheato99uiube« 
the vacuum abtainnbb In home watari and the bke 
and not tor 27^ inohei to 98 Inohea whieh will be tho 
vw uum obtainabb in the tropica with a good rondenung 
pbnt In luch turfainn the full tbeorctital gam duo 
to vat uum will be attained at full ipood whilo at half 
ipeed and une-aght power the gam due b inneaaed 
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vat uum wiU bt aumiwhal more than that at full epted 
In moat (Uioa bbdmg a geared turbmo for high vacuum 
as roropared with low vacuum adds very little to the 
wilght and generally only neoewtatea the oxhauit end 
being made aomewhnt btger It m very fanportoat that 
the exbauit betwoin the turbine bbdM and the oondonacr 
.luiiiM be free and should be imreatxieted so that tbo 
lata of vaouum between the bat row of bbdes and the 
steam apace in the condoaaer should be a minimum This 
applicetoanobaaesof UirbuiH It b equally imperUnt 
that the losB Of vaeuum betwein the ateam spai i in the 
(vwdenacr and the atr-pump niotion should also be a 
muumum In other worda given a oondenaer and an 
ait^pnmp of the highest eSoleaey tbe dlffermoe in va 
uum between the oirqinmp raotkm and exhaust end 
of the turMne should be radneed to an ahaoluW* minimum 
TiiATiUBT or KCBavwr arasw 
In a eompbte Iwtolbtioti, whether bnd or manno 
th«e am many other foetan beakfei tbo turhme to he 
taken aeeoaat ef da IneriPM In vaennm w laaomatod 
with n eenaapondfaiR loww temperature of eondensata 
It followi that if the veeunm b relied and the oondensate 
b deUvemd to the boibr at the same temperature at 
wUah It laavM the eoadmnir eitbir tbe quantity of 

ateam ganaratod In the boBer per umt (d nool IS deereaaed 

or the tuokUty of eoal pm nmt of atcean genaratad u 
lueitaeed la prae^ however both 00 bad and at 
■aa the auadnntaita b tovaaiahlv heated eithw hy tb 
iHMte gaaaa fMOt the boiler or by the axfaanat ateam from 
the dudVacy Mgfoae, or by both Und inatalbtlons 
ggoall^ (nM* IB MBMiter fo the boiVir npitako, and 


the piattiaal requnemanU m auoh a oaie u that, in order 
to prevent awantmg on the tubea the food water abauld 
bn delivered to tbe eoouomiier at n temperature of sdiout 
120 deg Fahr But oven at the highest vaeun there ta 
usually suffloumt exhaust stoam from the auxiliaries to 
raise tbe condensate to Hue temperatun ao that suoh n 
kvatem repreeenb the higheat ei onomv nltainabb with 
any glvin pbnt 

Marine mitalblions present n different probhm bv 
ruwon of the large quantity of cxl aiisl atnun avaibbh 
from the auxiliary ongiins and it may h< rn la noted that 
the bat in exhauat stemn is used to tho gienteat ad¬ 
vantage poaiibb when it is re-d»livired to the boiler 
with the feed water It follnwa that m order to attain 
maximum economy on abplaiard tb eniim exhauat 
from auxiliary inginra should bn condtnsod by tbe feed 
waUr A p^oot Inatalbtion from tbs point of view 
would 1e one in which the turbine works under the 
higlii at atUinabb vacuum with i fiu nmev and m whk h 
tb I xhaiist steam la mamtamed at su li | resaure as will 

I nsMi ita heal U> ho wholly tnuiafi rred In tb* fts d water 
In fail tb nunomii inaaiirt for tb niixiliama to ox- 
hauNl at la that in whs h tb « h ili of tb ir nxliauat OMi 
la condi nacd I) Ih feed Olivi lualy tb n ahould bo no 
sunilua exhaust and if thi ra b a surplus it shniild never 
h diachargid into the mam undinsir liecwuse of tb 
hghly pnjudi lal iffect of oil m tb bwl-lranaferniig 
oftioioncv of lb iimdcnser tubs an 1 on lb vai uum 

7 b direoti m in wbch progress is to b> made on 
marine turbine instalbUnns wnuld Ihinfon appoor to 
b (o) High vacuum turbines (I) high ilB icwy eon 
dinaingpbnl (r) nom niusl aiixilisniH snd (d) cfBiiint 
exhaust-sUam fix d b aU ra In a in i asen wb re there 
IS a eurpl n nf auxiliary sUain il is lurniH iiiti the kiw 
proaauie turbmo litre Ibrro la an appannt liartial 
na iviry of the leas but in prai (in this arraui, nu lit lias 
till defect of fouling both tito turhinca ind tb coodi tin r 
with on and redunng tbir efflcicncv au that the 1 ntin 
powtr of the turbine may oasilv b ndun 1 l> a tm 
greater extent than It I an be mi NOS dlv lb uw ifsiuh 
surplus steam If the lieam n use 1 m this way it sbiuld 
be viry larefuUy filtered 

rONWHHKR UKSI N 

Tbo (fled of reduced eonduiUvily d tb loiidinacr 
such aa la uausod by air is muoh m n at hiih ntii of 
oindensation than at low ahewing that lb ilTwl of n 
faulty au'-pump or dirty nondsnMr la miuh mnri when 
tbo rate of umdenaatiun u high Approximatel) alau 
tho Iocs of vaouum below that tbeorotHallv obtainabb 
depends only on the rata of oondonsati m nnd on tho 
nrouunt of air inaubuon and net on tho quantity of 
(inubting water and always asaunung a mndenaer tree 
from oil on the outaido of tb tubes ami scale on tho m- 
sidi thoro IS not much use m having men oiroubting 
water than about (lO to NU timis tbe sbam condensod 
at full kad in heme waten and the tn pi n nspei lively 
Miniiy put into a nundtosar of ample sm is money well 
a) int Ampk aurfa 1 ain givia a g> I niaigin tn aUow 
of the condinstr gitUng dirty or fur overloads 

Fire-miBliHK Wood 

liir RilUsb Iho Prevention OommIUn have bsoed 
n n IR rt m n teat they carried out on a pditltlun mndo 
of waxl which bad been Imiregnnted ly the Oxylepe 

II Nv HH with lb object of making It Ore-ceabtlng Ibo 
partlUiii measured 10 feet by 0 feet, and Its bend sill 
aide piwts and intermedbtes were mnatructed of 2 Imh 
ly in Inch deal eaih aide being covered arlth %lnch 
grooved tongned and beaded boarding In fi-lncb wrldtlM 
It was submitted for 4S mlnutas to tamperaturee that 
rose to 1630 deg Fobr and then water was pumped 
upon it froin a steom fire engine Aacrdhig to the 
oOctal ohaervRUoos smoke appeared through tbe Joints 
on tbe oatslde after 78 mtnntea and scorching wiu 
Dottred at several Jointa two mbutae later while after 
44 minutes a glow won visible at four Joints Water 

ame through aeveral of tbe Jobts when at the end of 
the teat the hewe was turned upon tbe imrtttlon whbh 
however rnnalncd In position Although tbo rcabtann 
of tbe woodwork did not bat I iiig en sigh I v a few min 
ntes to enabb the partition to be (bssed aa afrontlng 
Uuninniry protection under the (ommlttees Htuml 
ards a note prefixed to the report stahM that the tost 
demonstrates that the Impregnating process employed 
has a retarding effect on combaatlnn and that tfanber 
ao treated ahuold he a valuable addlUm to tbe stock 
of firr-roalstlng matertata Tbe process conabto In inb- 
mlUIng wood to a cenrae of steaming lacoum and 
preasure wbereb) the sap water air and mobture are 
rcraored and replaced by a cbcndcal solution which ta 
lireoervitlve antlaeptic. non hygroecoplc and non-cor- 
I naive The water of this lolatlon b tbii evaporated 
by placing tbe wood In drying knna the chemliab he 
Ing left embedded throughout the fibers of the wood In 
minute ervatal fnnn On the appUcatleu nf beat the 
irvatab cxiaiiid ami fi im a glasNy coating lo tlui wood 
this eeatlng cxcludliig the oxygen ut tb sir and pre 
vantfog iMBbMttaiii-lsMden Ftawi 
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Iron Manufacture by Electrolysis* 

Properties and Industrial Applications of the Product 

By L. GuOlet 


Tiik indnitrUl nuumtaetnn of Inm br electrol;ili U 
H iirdlilcm which ban ungaged attention tor many ycara, 
Iml It la only within tte laat yoar that It lioa piitnred 
till' iinu'llcal atagc. In principle, the method iinieliita 
In the nae of a revoIvlnR cathode and a neutral wilutlon 
of Iron aalta, maintained In the neutral aute liy the 
circulation of the Ihiuld orer the Murface irf the Iron. 
The bath alao recelrea iwiiodic addlllona of u di-iHiliiril¬ 
ing medinm, aneh aa oxide of Iron, the obji'ci of which 
la to eUmlnate, at Mat In part, the hydrogen (leiHMlia 
on the cathode, which Injurloualy affect the mMlerliil If 
limwnt In too large a yuanllty. lly theac luvena It la 


lie. In fact, two effccta are produced In the proCMi of 
nianufticlnrc. The aietal la luMatralned and baa ab- 
Moiiied gaere, jiartlcularly hydrogen. On heattng 1 b 
viicnum Iwtweeii HiW and l.lOli deg. Cent for four boon, 
mill ihun rulalng II lo lh«‘ ndablioTbaod of 1,400 dag. 
tVnI. for a furllwt two huura, Sir Bobert UadMd 
round ilMt :lt gmuimee of the Iron bad a vidume of 48 
cubic rimtlmcten and .Tielded SH.N enUe centlmeteta of 
gnH of the following ctnniMidtton: 



CommercUl tnbea of rioetndytle Iron. 

ponlble to work with a current of Ugh denalty (MOO 
ampcrce to the winarr meter I, and an Iron of excellent 
qnallty la obtained. The proceaa la applicable dtber to 
the production of rery pure Ipon, which am compete 
wltli the beat Iron and riwedliih Iron, or to the direct 
manufacture of tnbea and ilieeta In the flnlahed atate. 
II haa emerged from the lab<iratorr atage, and la now 
being pnl liiUi oimratlon on an Indnstrlal acale. 

PBoeaRTiga or thr mktal. 

I'alng nu} iilg Iron In aolutlon, an electmlyllc Iron 
can he obtaliual of the following areragn cnnipoaltlou, 
after removal of the gaaea bj- annealing; 


a iHiaallilp to gnnrantre phoe- 
|a-r coni. With a denalty of 
IT Miuarc mptpr, the yield per 
ini-Inl. Inclilillim tlip mat of 
Mcrvlcea. iwrtlculorly for the 


llip prpHpiK-p of carbon monoxide la aomewbat note- 
wortliy. On Ua rpmoral from the eleotrolyte, the Iron 
la rery brittle, and haa a Brlnpll hardiWM of 109, wing 
a ball of 10 mllllmptera diameter under a load of 3,000 
kllogrammeH. Ilip nilcrugraphlc examination rcvoola an 
euUrely charactetlatlc atructiiiw, conalatlng of Innu¬ 
merable flue Doodlea, rery mneh reaembllng martenalta 

After annealing for two honra In magneala at fiOO 
degreea, the Iron ahorra a Briuell hanlnew of 00. Tile 
mlcrographlc atracttife la perfectly luirmaL The tenalle 
teet gtrea a lireaktiig atrmigtb of 00.0 to 33.8 klh>- 
grammea per aiiuare mUllmeter, and an elongation of 
40.2 to 411 per cent In the direction of the axla of 
the tube. Further, the nnuenled tnbaa, when aabjocted 
to eompreiailoii leati, can undergo deformation to an 
extraotdluary ilegreo without a aign of any fracture, aa 
abown In one of the Ulaatmtlona, 

IRDtiaTBIAl, APPtlCATIOire. 

The Indnatrlal appllcetlona of electrolytic Iron full 
Inin three principal cntegorlea; (1) the direct manufac¬ 
ture of tube*; (2) the direct mannfectun of ahoots; 
(3) the preparalhm of pure Iron aa a raw uwterlal In¬ 
tended for fudon. There ua yariona other uaea of leaa 
Importance, aoch aa the preparation of roda of vary 
pure Iron for anthgenona welding. 

Tabca.—Tbo manufectara of tnbea la being proceeded 
with on an Induatrlal acaia by tbe Boochayer * Vlallat 
Cominiiy, whoae tnatallatlaa la capable of turning out 
100 tubcB per day. 1110 currant practice of tbia com¬ 
pany la to manofecture tnbea 4 Incbaa long, 100 to 200 
mllltmotera in dUmeter, with a tblckuwa of 0.1 to 6 
mllUmeterB. Horae of tbeae are abown In one of the 
tlluatratlona. Aa la well known, ell preaent metbodn of 
mannfNctnrlng tubes prpspnt certain Inaurmonntable 
dlHIciiltlea when It la deatred to obtain regular thlck- 
neMHea of lew tban 0 minimeteia. Aa a genetel rule. In 
the prodneta obtained the tblckneaa of tbe wall la far 
from conataiit. With the electrolytic proceaa It la poa- 
dble to obtain tbo moat natltfectory regularity what¬ 
ever tbe thlcklieaa. dhuneM, and length of lube. 

The tnbea will withatand condderable preaauraa. 
Thw, a tube of 100 mllllmetera diameter and 0.7S milU- 
meter thlohneaa, aubjeeted to I4I0O pounda tier aquare 
ineb, underwent a permanent deformation of a regnlnr 
character, aa if aqnoewd In a press. Another Hpodiuen 
of the same tube was nxpoeed for two and a half 
montba to a tmnperntnre of 120 dogreea In a boiler. It 
waa then teated to I^iOO pnuoda per ■pure Inch, but no 
trace of fracture wee pereaptible. 

Sbeefe.—The tnanofectnre of abeeta la under InraetlRa- 
ttoBr but no doubt tbe roe a arche a In tbe Indnatrlal labora¬ 
tory will lead to a method by which they can be produced 
coumerdally. Tbe lapratance of bdDg able to obtain 
■heeta direct without rolling will be appradatad. The 
Iron la of flrat-claM quality, capable of undergdag very 
conehlernble deformatloiu in the cold. Teata on hthra 
and plates hare Iwen aiade In the draw bench, and It le 
siinKlalng with what flicility tba matml can ha worluaL 
1'lie material la therefore highly atiltablt tat parpdaaa 
Ilf Htamidng, both in the form of plain annealed phttea 
(black platee) or of tinned plate nnally, on aeeonat 
of their parity, theae sheets are eagweiejly adapfeUe fiir 
iiiw ill the comitruotlon of electric maoblnefy. Dr. Jlbx 
Hreidaiier of Berlin boa demonetratnd the Impertnnt 
aapect of this quesHog. both from tbe petef of idaw Of 
magnetic prapertlea and of regalartty at HiMnaai and 
cnmpreiiaire strength. Tbe eSeieoer 'nf atlaiinlj.iig 
moton and transfornwn, and ato of d£reet eofr^t 
motorii, lb inemuad by astng tbta matetfai lii thair txm- 
-itnictlon. Meconcludeatbat tbe oaeof eleOtrolyttdlfMi 
eotulltatea i real pngreaa, both aa ngUida bj at ^w t ih 
and permenMlity. In traieetoraiwa tbe saving li wgliElif.' 
of maierial u ii3 to 40 par cent, .Ttocmaai^ at gMar' 
natliig moton caa be tnenaaed hr W par cgiidtptial^, 


In direct enirant machines, le per cent of tbe tm <•*;. 
be nved. 

Am a JtcNi jfaMrtol far FiOiea.-'Wlthont doubt atom 
trolytle Iron wtu ba able to oompeta mmaatullir erttb 
Hwedlab Iron. Tba quality la laiiofa mere regulaii and 
the orada metal, beliig very brittle, eau aaatly be biuban 
Into ptoeea of any required aiie, howevcif eamll, asdi at 
the same ttme, U can be anppUad In mltahla flilek- 
neaeam The eemaqtattaa of aueb predaela weadd bo 
more legular than tbaaa ocdtoartly naad. Teata made 
at various steel works have ibown that toola and 
Bpaclal ateela manubetured from tbli matarlal give le- 
anita at laeat eqnal to thaw obtained with Bwadlab IrtO. 
Tbe coet price le the only remaining oouddarattoii. 
nwT or KAinirAnw. 

The piiudpal fectora wfaldi make np the coat prlea 
are the electric energy and tbe pig Iron. It baa aliea^ 
been menttoned that 2 toon of extremely pure iron can 
be prodneed per kilowatt-year. Using a ontieat of 000 
amperw per eqnere mater, Inatead of ipoo aiqiercn, tbe 
voltage drops to about one half, and tbe production per 
kllowatt-year la nearly doubled. WorUng with a itlll 
lower density, tbe yield oan be even farther liMieaaed. 
In conntrlea where tbe'eoet tf motive power la Ugb, It 
would pay to work at DOD nmperea or even leoa. It 
would then he poaalble to prodnee 3 to 4 tona^ and even 
moiT, per kllowatt-year, if tba coat of tba nnlt be 
tukcii at 1 centlma (0.10.), an ordinary Sgnre In tba 
Alpa, and ludDg a enrraut denalty at 1,000 amparea. tbe 
cost at cnrcMit wonld not exceed 43 fnnee per ton of 
Iron iiroduced. tUnce pig Iron la naad as tba nw ma¬ 
terial, It may be reckoned that there bi about 10 pi^ 
cent of waste in tbe form of ehidgc, graphite, ate. The 
price of the pig Iron would vary aeconUng to tba local¬ 
ity, and In the monntainoua country It would ran at 
nboot 04 to 88 abllllngi per ton. The pitae, however, 
would be blgbar in thow loeallllea where the electric 
current wnn cheatieat. nod rice verMtt. The areragi* uot- 
lay un |itg Iron per ton of electrolytic Irun would tbere- 
turo be from obont 72 to 80 abllllnga. To this would 
still have to be added tbe coet of labor, maintenance, 
coet of eleetrolyte, depredation, and Intarcwt un tbe 
capital coat of the plant These varloin omouDla bare 
not yet been dellnitely ascertained, but tbe total cost 
price, faesed on current prices for material and labor, 
of tbe electrolytic Iron, In the condition in wMdi It 
M res the elwtrolyte bath, wonld protmbly not exceed 
Ml to n 12a. per too. nccurdlug to tim locality. 
ooMuann BY BHRBAao cowpca^xua. 

The secretary of the Iron and Htoel Institute makeu 
public tbe following oa tbe aubutanee of a eommunlca- 
tlon sent to dm by Sberard Ck>wperOidea of Sontmiy- 
nn-Thames, England, In wbicb excnitlona are token to 
some statement In Prof. Qailletl) paper; 

Mr. Hherard Cuwper-t'iiM wrote tbal be coiudderad 
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dft p*|ii|r br Vr OtCW tw aWw<tn> te mm <t in 
IB UDI h» (Ifr OowpwOolM) iMd b 
jpvw bi*M ttt IM) Bttd 8M iBrtttirtB oUtM The 
fMoetleB ot FiBhM Inb Oeeta uA Tube* in One 
Openttta,” attmUBg <a oaMldeteble Aetell Mi Mm- 
tvplytlo proMei fttr the direst prodtMiloa at Inm ubM, 
crttathMf ud iheetB Is ttet imcM ■ mandiM re- 
roljfiiK et B erttldal Mwed, ee bi to gire ratlldent ikto 
Msttai betwen the eteetreirte end depoMtod metal 
wu MBphved to obtBlB b olaae boBMgcMoai di posit 
asd Bt the me tisie awhle b Mgh esrrent demitr to 
be eoMojred, the aoIatioB bstsf kept nratnl br bring 
tog It M MBteet sdto Irso oMda as dtaalbed to Ur 
UuU^a paper la the (oDoiring rear Ur Bomtoer 
bpproeihad hha (Ur Oowpar^otas) teganltog tbr 
pmeai and aiked tt be would grant blm a Ucaner to 
noffc It to trana and Swltoeriaitd Tbli was doM and 
a amall trial stout waa thereapon wt up to Iwltiertand 
and Ur Bonrher ptodnead a uomber of tabei A con 
paiqr waa nlthaatelr temed caUsd Le Fer to acquire 
the Uomae that had been granted to Mr Booiher 

Ur OqwpK^lotoiM object to setttog out Umm facto 
to to ahow Oat all the prellatoai/ worii waa carried 
out to Oiaat Britain at great espeoee and mndi labor 
That that waa so coold hardlr be ptherrd from what 
be thonght was a aonewhat nngnnroas statement 
wMoh oonalttoted the oMy reference to tbe procSM to 
Mr atoUefb papw 

la 1907 Ur Cowper-Oolaa took out a patent to 
vulvtiic tbe tme ef a 90 per cent eolation of ealpboerenT 
late o< liun end endeeeored to manofactore weldleis 
tnbet, iming a rotating cyltodrical mandrel Tbto proc 
eaa wUch waa analogooa to the Elmore procese for male 
tog eopper tabet hai not jMded reaulta of much Im 
portaoee ' 

Tfaa Oowper43olea proroti ho conttouod to to no 
wa/ analopona to tbe lamore copper process which 
coQsliti In An ngnta bnnlAber Ha tboogtit It 
Hbaald bs known that tbe process described to Ur 
(loUIets paper had bean worked ont to England and 
that worka are to be erected to tbe Uldlandi to carry 
out tha proceaa on a oommerdai scale Re (Ur Cow 
peMtoloa) bad all tha Mcesaary doenmento for proving 
tbe statataanto he had gtrcn 

BiufaNH Aapcct Of tk« Kdp PrapoMtloii* 
BynedsrlcP Itowsy 

It la thonnihly well astabllshed that tbe giant kolpa 
of tbe Paclflc provide an enormona store of KOI Vart 
001 papen have appeared upon tbe broad general as 
pact of the questton but for the most part tbey have 
dealt to glittering ganeralltlei and many of tbem have 
•taited to tha middle of tbe proposition Ueny writen 
neglect or elnr over the vthering and preltmlnair dry 
tog of the kelp end baee their reel consideration of the 
subject upon tbe alrdried mitorlal This Is very it 
tractire and eaay to do bat the cost of tbe air-dried 
kelp la a moat aeriooi btutocai cmaideratlon 

Tbera are variooe tochnlcsl and bualnem problenM 
connectad wUh tbe matter 'Wtthoot to the leeet doubt 
tog the ereatael aolntloa of these probleme n may be 
aald with entire safety that thetr eolation with Snan- 
cUl mit will mqalre tbe espendlton of mnob time 
and acney nnder tbe beat tedmlcel and bnalnsaa dlreo- 
tlon end that it moat be several yeete before Ka from 
kelp can beoenu a commercial oommodlty If U ever 
doae 

Tha coimldaratleii of the anbject dividee UeMf nat- 
nrally nnder the foUowtog beads 
Harvesting the kelp. 

Atodrytog 

Oven-dtylng 


with the giowteg ketpi Bow can u be har- 

It will be an WBtbelf now todatiy end manUtotly 
Tatlooq MehtoM ef dIBiNBt time wlU here to be eon 
etoddM and aMJaetad to astnal pcaetieal titoa before 
an *B*«*r* add softoi^tosi aaeUnd Is sesarad Dr 
OtooMn haa mustoto lOttMHM tons of SOI as a eon 
totohilto dtotoM TWd. nrii ttoold naan the harveat- 
to| ef afiNBltoatolf MyOOfdOO tona of kup me 
hdwMtMdt dMlhM iMnd mt ttd whoto year into 
iHto ttaf M toto mtot M he deanltaly known, 
f# fi MV toto liacUniiT totoM M 

hnto Jh K (Am* eian fn tone! stand idle n 

^ *(g* ft toiut IM 

fMjgegf ilftdf $5. Mftto Murtrty « teoa of 


fif ^ aOoiM h 

MW* K lw dfdmW MM 


covering an enonnons ana and the tmUdlng at eepe- 
clally designed maditoery to dlatribate tbe wet kdp 
on tbe drying ehelvet and to gather np the dried ataff 
Aa with tbe harvesting macblnety tbm ihcda and 
macfalncry muat rmnato ttnemployed a good part of the 
year 

There Is bowe\er a limit to the evtont that natnral 
drying In open ibfds can be carried When about aS 
tons of ur IT tom of water have been evaporated pro 
vMuii most be made to protect the cOortaclng K(l 
wblrb will aoon be prodmed on farther drying Thla 
wUl reqnlre tbe application <a artUdal beat It may 
IKMsIbly be asNnnuvl that thla ran be obtained fn»i tbe 
kelp Itself to a subsoqa<mt operatloo By proper oen 
rtrjlng It la pnmlble to recover «HS0 per cent of tbe KOI 
AH cfflonwnl salt by almplv shakbv it off from tbs 
dried klip 

The recoverv of tbe balance of the KOI from the dib 1 
and shaken kelp reqidrea the breaking up of the or 
ganlc matter of tbe kelp body and this mast be done 
with as full aa possible ntlllastloa of Its valne Simple 
turning with tbe utlUaatlcn if its best value only 
will nut be sndklent, even It we now bed a furnace 
adapted to avoid Incloatog ntiburned material to the 
Inorganli. salts by Htoterlug and to avoid undue loss of 
KOI bv lolatUlaatUm 

At present there does not seem to be any method 
available for thla put iff the walk except destructive 
(llsUllatlon with tbe recoverv «f the mndenaable bi 
prodmta and tbe ntllliatiou of the gas Hrst to heat the 
retorts and secondly for the t vm drying of tbe kelp 
os far os may be Fiobably there are no technical dim 
(ultlas to this oporatlao but It must be remimberad tbit 
only about half of tbe weight im lading the efflonsced 
KOI of the oven dried kelp Is onmnle mutter In 
Khtr words broadly speaking In the iniduitloi) f 
one ton of KOI only one tan of organic matter Is avail 
able for Ibe production ot byproductn of disUllatlon 
On tbe other hand the total production it such bv 
prednets to the recovery of 1000000 tons ot KCl wuul I 
I e eo large that mndi of them would have to be tram 
ported long dlstancea to (tod a market and therefore 
the predt ot the operation would lanplv depend upin 
freight eondltlaM 

tlndouModlv a limited amount of the residue from 
the retorta could And direct application os a fertlllmr 
within a oertato radius but tbe real market for Ml 
la uu the Atlantic coast and under tbe present freight 
(ondlttoas at 80 cents per 100 pounds the KOI most 
ho dissolved and recrystalllred Upon tbe opening of 
the Panama Canal and the expected halving if tbe 
freight rates the dIatUUtlon realdue might poselbli 
better be abipped direct 

The mother Uquora from the recrystallixtog of tbe 
K(.l will (outaln Iodine and whra sufflUently enricbi I 
they nia} be treated for the raeoiery of thb element 

It would he a liberal eatlmate to asgmne that tbe by 
products recovered lucludtog the Iodine woald hnvi a 
lalue laOclMit to pay for all of tha openUona upon 
Uu air-dried kelp If we do this and oloo asenme that 
after saOilent trial and derriopmant of the nensswry 
maihinery tbe kelp can be harvaotod for SS cmite per 
ton and air dried for 10 oonta per ton more a ton ot 
KCl laid down on the AUanUc coast would cost fJ8 as 
follows 

Barvtsrttog W tons at 28 centa 97 00 

Air drying V toua at 18 eenta 4 90 

FrelMit 1 ton at 60 canto per 100 poonds MIX) 

91800 

On the completion of tbe Panaina Oanol It la expect 
ed that tbe frelMit will come down to 98 per ton but 
tbe praa e nt prloea of KOI moat be very prodtoble to tbe 
Oermon Potaab Byndloate and If actually faced with 
tha poaalUe lo« of Ito Amerioon trade the prlcea would 
nndoubtodly be reduced TUa tednetion might even 
wipe oat the advantage ot the low water freight 

In eondnalon It woMd appear that tfia feMapari have 
not yet bami dlq)laoed by the fcaipe m a poaalble eouroe 
of potaab 

Fv8dBB*MariM ToitiiM 

Tnn total h onse p o we g at marUrn tnrbtoea of the Par- 
aona typtHCoapMad and Older construction to Bnglaiid 
and aiaewbeN amomto to about 18880000 bonapowor 
an InerMH dmring the lait 18 Bontbe at nboot 1TBO 
000 ho reepower, aeeordtog to n ttatoment to the Umto» 
riaiei Of tha total nenrly lOeaOOOO honepower la 
or wlU b9 empkgrad ter tiie propalalon ot snuuMpa 
and onr 1880000 ho m e- p o wer In mereastlle veMela and 
ynOhtei TBo naa of geared tnrbtoa madrineiy for dilp 
PMimUmi ft extwdlng npUly and 186 veaeris bunt 
or bnUDag are wholly or partly fitted with moh nmchto 
air «C ah aoniato of aboot 1000000 horm - powtr 
Thaae bwhide 01 veaeMe of OOOOO horae-nowM ortmd 
dirliv 'Plat year by the Ontrd WMIn Star Oona 
Oaa rneUe BkOwv. Ttotoo of Iftw CaolBBd, anatMB. 


New Hjrdrofea X-Ray Tube 
ByH ayde Snook 

buuuwino extended reeeerth work to the Snook 
Roentgen Uboratoriee at Pbltadalpbla Pa cornea the 
anuonneement of tbe dcvalopmeot of a nos type of 
Xrav tube kniwn as the bydrigen tube Keeolts 
from Its uee to a number of dlstutcreitcd lloentgen 
rlogical Inboralurles over a period of leveral months 
« uld seem t > Indicate that thi new type of tube poe 
sesscs Impuitant iwinis of superiirtly over other X ray 
(Dl IS lu use at tbe pnseut time 
(he if tbe most frequent and annoying deteeta to 
\ rav tube conetnictlon to the peat baa been the dtffl 
cnitv encountered In adjusting tbe vacuum to a aatls- 
ftict rj working eondUton The must striking rbaraetor 
iNlh f the new hvdrogen X rav tube is foand in tbs 
fact that It ran be regulated either np or down ta to 
vacuum both uccuratelv and quickly 



The Snook Kdly bydrogM Z ray tnbo. 


wli n Inutcd t ndmsH nds meUI tube la lealed into 
tin ihhIu wall i f th vainum chambir Its open and com 
u in Icnrliik with the vacuum Its closed and protrndsa 
ii t a bidv if lijdr Ben eoutalned within a mnall glass 
b unis r sttsched to tbe bulb proper The metal tuba 
Is lusted to redness by passing the current aoross a 
short spark gap 

1o rilse thi vacuum a similar tube within the itls 
liiK nttsrbuui t Is bested to ndneaa bv the same maana 
Mill Di.b uudir normal wotktog condltloM the taydro- 
inn piutsuii within tbe vacuum (so called) Is but OOOl 
t OOUXll lollUmpter of mercan absolcte ptamnin it 
ImImvih acrvrdtog t> tbs well known prindids that 
gas s a 1 like vacuums to each ether Atmoapbarlc 
air b>«xcluded from the vacuum by tbe mstaUlc tnbo— 
vH wbei the tube Is beated os doserlbed abovci bydro- 
K I Is dbrbsrg d nsrartlrally tot tbe atmuspbere by lU 
wi iressure Hvdrogen to mlunte qnautltiea, tbare- 
r n nctnalh pesecs outward from tbe vacuum whan 
ih rilHli), attachment Is to opcratluD Tbe vacuum of 
Ills tide Is ilierel v ralwd In see nlsnee wUb tbe length 
r time the is-ratlou bi coutlnned 
K lentgen 1 gists report that the hvdrogen tnbo dls 
I lavs marked stallllty and dbdncltoatlnn toward beat 
iiq, dm prfsniraatly to the tact tbat bydregeo poa- 
wsscs tbe lowest ntomlc weight of all known gaoM and 
lUsilsvs little ihemlrel aridity ter moat mctalllo rab- 
stsnci s Kvtraordlnary penetration boa also been ruffed, 

( mi irstlve rndicgrwms sbowtng oiw Benolat number 
blKlitr than wllh uuy other type of tobe. 

I renter efficIeDoy more uniform mult aa^ longar 
life appear therefore to be tbe advantogee of tbe 
bv lrot.cn tnbo as demonstrated to date 
''ImnltoDeonslT there has been iv Ived, to the nme 
lab iitiries an air-cooled type tf hvdrogen tube with 
Its Tsennm subject to regulation by the Mune laeane oa 
the standard type referred to above By the nae of the 
aircooled hydrogen tnbe long flniroseoptc work may be 
punctuated br making radiograms and administering 
Xrnv tbempy to mooslve riMes as frequently ae the 
operator may desire 

Tbe hvdrogen tube Is the result of Joint work by Mr 
H Clyde Snook and Mr Fdwto W Kelly 

Heetro-chenilenl G«ern(on 
'nia Neubaimen Alnmtotom Works reoMtIy ordarsd 
three electric graerators for an toenaae ta Omlr ftne 
plant at OMppla in tbe Swiss region Tbeoa vmMHm 
are built by the well known Oerltkon Works and ore to 
be ranked among tbe largest yet to be cooetraetod ter 
electrochemical noe being of 3680 kflowatt olae or 
S 800 bone power Snch machtoM deliver as mwdi as 
8 000 amparea at a tomrion of 840 vdta, and the atand 
ard speed Is 800 revolntlona per minute The gMiMatw 
to Moh care le direct coupled to a hydraulic tufUna and 
It la built to stud an overload up as Mgh u 8,000 MIo- 
watts whUe It neoaMry the apeed eu be toeraoesd 
to nearly twist tbe itandard or to 840 rerol u t lo ne per 
mtoute As ter u wre know the present madrinM np- 
peartobanotonlytbearMtobe bum, at ItaM In 
Sorope tor oaeh n large output and aa bttvy a enmnt 
with u relattvily Mgh apeed but uppetr erun to bn 
the kilMt gtatcuton yet to be bum on thft aide ter 





V«Md In the upper Gntui kek u leeu fruM tke bnktnr of the cmtrol heuse. 


Electric Towing in the Panama Canal Locks 

Ingenious System and Novel Electric Locomotives 


InVMTtOATioiii of oollUlona betweou ublpe uihI lock 
Rate* lovnrlubly ihow ttiat ‘*tlieN wu a mlHiinderalaiMl- 
lUK In dcnala betweon the oaptalo and emUMer.” Bear- 
InK In mind tbat the engineer of a ablp li no idtuated 
Hint ha doea not know the exact position of the ship, 
elth reapect to the lock, he cannot check hie actlona by 
the probable reault A ajratein, therefore, which permits 
cborhlDg the movemeut of the ship with the signal glren 
by the pUot or captain of the ahlp, will ellmUiate Im¬ 
proper maolpnlatlona to a very great extent, 

Various aysteme are lu vogue at drydocka. which are 
based on the prtnelple that the operator aeea the raault 
of hia action. The employment of wlnchee, or capetans, 
hta haeo looked upon with a great deal of favor. Theae 
are nsaally placed at Intervals along the dock walla, 
and the llnaa fron the ahlp are rarrled forward to the 
■nceealve eapatana as the ahlp advaocca. 8ocb a aya- 
tem Involvaa the risk of Um ship not betng properly 
■iieguardad when the Uum are tranaferred to anccas- 
slve capsUna. An Improvement bai been made by the 
Inetaillatlim of a capatan at the bead of the dock, rai- 
trally located, and naed lor Imparting a atralght motion 
to the iblpw Numeroua llnea from the ahlp to the doOk 
wall ore carried by men; and the capauna are aaplayad 
to cnnnteract any wind praamirc, cunagta, eto„ and aa- 
ilst generally in manenTeilng the ihllk While an Im¬ 
provement over former methoda, It ^ not, however, 
poBsesi the flexibility and rallabUity required for the 
operation of the locks of the Panama Oanal. NaUher 
wonid It have eliminated the breeklng of the Unee at 
critical iiioraentB, which la regarded aa one of the eemn- 
tlBl reqnlrementa In mKCenfiilly handling aklpi In oanal 
keha. 

Afttf a very thorongb atndy of the enttn problem oC 
maneuvering shlpu through the Jocke of the canal. It 
became eTlOont that they ahoold not proceed through 
the loeke unflar their own power, and tbat a submltute 
for the shtp^ power shnnM ambrece the bllowliig iw 
qulremeuta: 

(e) ability to plooo the shlB la vnfitt relattao to 


(b) Capability of keeping tbe sblp to Ite coonei 
(o) Accelerating and retarding tbe ahlp without rui>- 
turlng tbe llnea. 

Id) Tbe llnea when mice attached ihould be naad 
without change for lockage In flight 
(ff) A amall number of skilled o|ieratora ratbec than 
a Urgo number of unskilled men to co-ordlnata. 

Thn towing syNtem dcecrlbed lo tbo following pagiv. 
waa designed and patented by Mr. Bdwtrd Beblldhauer, 


Metbed 9t attechlag the electric kcomotlvw to a 
veaael for towlag through a hick. 

dectrleal and m e et anlcal englnear of tbe lathailan 
Canal Oommlsafam; and tbo forty towing loeomodvea 
and all tha Otaatrleal anwratoa far igieraUiig tba lodes, 
wore bnm by the Omni noctric Company. 

nWim BTunm. 

Til pamlBg thnuMii the wwl from the Atlantic to the 
Pacifle, h nml wlU astar the appteadi channel In 
Tilmon Bay, wbldi extaods to Oatnn, a dlManoa ol about 
7 mllea. At Oatuu tt wlB eiitn a aertsa of tbteo Viehs 
lo flight and be nlned 8d fhit to tbe levol of Gatnn 
lAke. It mey than steam at MU apead throogb tbo 
channel hi tble Mho, a diataoDe of M mlln, to Baa 
Obispo, wbera It will tattt the Onlehra Out It wIU 
paaa through thla out, whM hu a length of aine milaa,. 
and mob Psdio Mlfual, when U wiU Outer a Mr 
and ba lowered 80 Mat Then tt wm pan through lOn* 
flora Lake for a dlstanoe of mUea. nntB fit rachia 
Mlnfloraa, where tt wiQ ba fewuf^ SB Ihaf fteough 
two lodm, to the eaa Ikni, attw whkh tt pains pait 
lato tbe PMdBe through w Sl^milt iteml,; 

Vha main fwituea of att^ k* Mtn afv Mmuill 
■Bfl tarn knowing him BMpIpttlih « 

Wia mekl retaoMa lw«i»agniMttP*B^'iC 


lug intcks, ship channels, Inclines, nod approuches, gives 
a conception of tbo towing acbeiDe. 

There are two sblp cbannelB, ouo for traffle In each 
direction, wbleh are asparstod by a center wall, the 
total length of wmeb la 6,830 Ibet Thera are two ays- 
iMjis of tradn, one for towing and tbe other for tbe 
ivturn of the locomotive when returning Idle. Thin, bow- 
evor, refere only to the outer walls. For tbe center wall 
there k only one return tnek fai eemmou for both tha 
lowing tiacka. Tbe towing tncka are naturally pkoid 
next to the obaniid aide, and tha mntem of towing ro- 
quira normally not Ian than four keomotitei nmnlng 
along the lock walk. Two of them are (vpeatta each 
other in advauM of the vernal, and two run eppoMta 
each other following the veesel, aa seen In line cut ou 
this page. The uumher nf kcomoUvea k Increased 
when the tonnage of the ship demands tt. 

Cables extend from tha forward keomotlvea and oon- 
iMot with tbe port and jrtaiboard aMaa, ramotivalyr of 
ibe-veaial near tte how, and otbtr eablm oamiaet Ita 
rear lecomotivee wlA tba poet and starboard quarflon 
of tbe vaM. Tha Mtgtha of ifia varioar flabki are 
adjusted by a gpedoi WkiUtg Am (m tht keethotlva 
to idaea tiie veaael aiAMilttklly la mMeiMpmL'''Whip 
the laadkg ko u uw tl vek-alp ■ Matted, they 
vmel; iikhae Me traaidf keentttvee wfa Aoiktt and 
keep all tl» cMlea.taA. By tljfilintitt of 

the rear cibka, fha vialel oaiiha |nliIaB;' ttid (b atm 
the vaaaa^ aU the kulmtlvM 'flu akwad dawn agd. 

stopiiaib .tliitt .brliidlag ttw ypp 


thakak. 
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tntik M M to hnrar t)M looqnodTM mXtir 
i)pnB qp« 1ai;al to tlw iwst nte rtMptot iUo|w Is M 
dSKTSSS, or 44 psr otot, hwot Uw nasd wUl bo son tor 
BMk mil onto Ota the roton tiuk, It beliig notoa that 
up tnoHon loMnotlvo wttli tbe nsual wbeol drlro, 
omn ^ the bnta set. would bsflii to slide on a 10 
per pint «m4it and, tliereCore, oonld uot be ooutroUed. 
mot •, iaak rail, bowerer, tfacUm Is limited oolp by 
Qw qav^eity of tbe drlTlna oMtors and not by the ad- 
hf rt oB d( tbe nrheel treads on too rails. 

The mA mu is of toe sbnndod type, and each tooth 
space has a drain iKdecast In the bottom so as to earry 
oft wateP and otoer accannlatlans to snluble drain 
pltMi or dasta eat In too eoncrete at too walls. A. 
further fsatwo at toe raok rail b toe projectinc ed«M, 
whbdi permit thrust wheels attached to tbe locomotlTe 
to ran alons toe onder side and prsrent orertornlof of 
tbe IpeOBWtIra. In raee eonw unforeseen operatliia eon- 
dltlim shenM produce an eicesslve poll on toe towUne. 
Tbeee tornra wheda serve to vouiteract toe lateral com- 
pphant-of toe towUne pull and toe flanfse act tot emeiP' 
eocy only, as toe welcht of the loBoaiotlve la, however, 
sufflolant to prevent overturnlna with a normal pall 
of aiMNIO pnmds on the towUne. 

Three-pbase, 20-cycle, 2ao-volt altornatlna current Is 
need tor opentlnf the locomatlvea, and the current Is 
•uppUsd to toe kmanotlvea ttarouilh an undenrrounil 
contact nystsm. Two T-ralla form two leas of the threc- 
phaeo Olreolt and the third leg Is formed by the main 
track rills, A spedally designed contact plow sUdes 
between to# two •V condiuton and transmits the 


power toom tbe nlle to toe loecmodve. This iMitact 
plow stoo peaasa through the slot opening In the con¬ 
duit Conor nnd la lleilhly connected to tbe locomotive 
In such a naanner as to follow all IrragnlartUei In toe 
tracks and cromoveni. nnd, toerofors, Insures n con- 
Hnnous supply ct posrer. 


Tbe wofkiug parts ^ tbe locomotive ere supported 
by two loBgitiidlnBl upehdit aide frames of cost steel, 
connected by transvenw beams. Thme ftantM are In 
effect deep rigid tnunm. hevlug upper and lower mem- 
bera oonnseted by pasta and diagonal braces. The 
pedeetoli for the wheel aites are of toe osnal locomo- 
motive type. Springs an Intetponad between tbe tope 
of the Journal boies and toe tops of toe peduitals, and 
tbe loeomotlvU Is tons mounted upon four wbesI^ tbs 
whseUwes being 12 toet, sod tbe overall length of toe 
hMCmottve over SS feet 


end, as Uw constrnctlon Is IdenUco] at boto ends of 
the nischlne, n deeorlptlon of one will suOlce for bath, 
Tbe motor Is of the three■Ilbaa^ slip-ring type, In- 
doaed' and Identical to toe ragged steel mlQ design. 
Tbe motor Is cerrlsd on s pair of caat oteel suspension 
bruckata, which are Jonnwled on toe wheel axle at one 
eud, and located Just Inside toe wheel oo either and of 
toe axle. Uw otoer aids of these bratoeta are oon- 



leeamotlvea 

also carry two oountenihafta wito the necessary gearing 
and clutchM for transmitting the power fmn the motor 
to the wheel axle, with the proper reduction nt H|ieod. 
Un the wheel axle is keyed a gear wlieeU through wbich 
toe locomotive cu be driven by tbe, tractlini of the 
wheels on the rails. Ttw wheel axle also carries ii loose 
sleeve ou which to mounted a gear wheel mesbIiiK with 
the transmlmlon gear from the motor, and alsi Ihe 
heavy cog wheel that eugages with the track nick for 
pni(mlllug tbe locuoioUve when engaged lu toivlnK. fin 
tbe serond conutcrMhsft are arranged rintrlics hy innins 
of which the power can he tromimltll^ either to the 
wheels for traction rnnning or to tbe ruck pinion. Thu 
htcomoUve to operated on the traction only when run¬ 
ning without load and between Incllnea, 

The two tractlou motors an* iisitrulleil liy suitable 
ountrullen Installed In the rubs at the ends of the luco- 
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moUvea; and toa diculta are snefa that both motocu 
can be controlled from either cab, and can bo operateJ 
ilDglj or In multiple ns desired. 

In ccnnectlan with I'uch motor a powerful brake Is 


Installed; and, os daring opontllon the motors ere at 
ull times geared clUier to the uxlcs or to the cog wheels, 
the truck wheels iirc not pruvidod with any brake 
rigging. 

These brakes are upcratml by a soleuohl, the winding 
of which to In drcult with the controller of the niotom, 
so that when the current Is turned on hi energise tbe 
motor wludlngt, the solciudd will lift Its core and Uiere- 
hy releaae too brakes. The first polut of tlw controller 
raIsM toe brakes without applying power to the motors, 
thereby providing a coasting Nut shoald tbe 

motor current be shut off, either Intentionally or accl- 
dentnlly, the cure will lustantly drop hy gravity and 
Its weight will exert u isiwerful leverage upon tbe hrake 
levera to stop toe motor and tlm Incomntirc. This aettnn 
ooenrn shnultaneeusly on both motors, and liraku nctlau 
to powerfni enough to sto|i the lociimoUvc within two 
revohitlnas of the whecle. 

In addition to this anlumiitlc brake, iiicaus are i>n>- 
rldcd for amilyiiig the brakes uiaiiually In order to 
supplement the action of the antomntlc featnre. If 
necessary, when demundlng a grade or wlicrc aiiproach 
lug a rack nU. 

1‘umlnK now to the features wlil»-b reiKler tlm loeomo- 
tlvc peculiarly nilapted for towing ptirisisra. It to oli- 
HervMl that there Is a large liorlioiital drum uinnutnl 
iilswi' the hotly of tbo locomotive at Its middle length, 
whli-h bandies the towing ealile timt to wound uism it. 
Tills drum to carrtetl on a heavy tubular culmnn that 
Is fixed In B sulMtantlel tsslostnl hulU Into the main 
frame of the locomotive. Delow the dnim, and m.mnted 
on the same ctdumn, to a large Intenmily geatnti wheel, 
which to connected to the dnim by a slip friction clutch. 
euiiHlstlug of a steel disk held between two alloy rings 
with a yielding pressure produced hy a series of rolled 
springs. Two separate electric motore are provided for 
o|)erat1ng this towing drum, ime driving through liovel 
anil spur gearing to the large Internally geared wheel, 
which to for fast Cfdllng In or paytiig out the cable. 
The (glier mutor tlrlves through a worm gear, and 
thems* hy a spur giwr onto the same Internally mired 
wlieel, rlntcheil with the towing drum, end to used for 
taking In slack of the cable, and contrulling \eMielH 
when towing. Ilie fast mnntug gear to always oon- 
uectetl, hut the slow working power gear la connected 
by means of a clntch, which to Uirvwn out antomatlctUy 
by a solenoid that Is eiierglaetl by tbe movement of tho 
controller governing tbe fast winding motor. Tho ftrst 
ptdnt of the eonlroller energliies the solenolil, and frem 
the elntrh of the isiwer gear, nnd the second isdnt starts 
tbe colling motor. 

One of the most ImporiHiit rnrta of the lis-nuollrc to 
tbe “sllp-frlctlon’' dcrlee ivHistotliig of the two special 
alloy rings, anil the steel disk fastaned to the rope drum, 
the amount of tcnsliai on the tow lino Iwing adjusted by 
the pressure between these three disks, which Is ob¬ 
tained hy tightening the spiral springs mi the cliunpliia 
ring In order, therefore, to make the slipping Iciisinn 
of the towlbic pniportlonHl to the pressare between 
the friction disks, n ruldilng surface having an aiwo- 
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that tbe low frlcttoo moUI, barliig a tricttoa eoeffldaitt 
of 0.1, la pnctlcallj conataot miilsr all p r eawr n i and 
condition of tbe intfacea, and, therefore, waa aelaeted 
for tbe work. Thla metal alao allowed but rery little 
difference In coefllcient between itartlnx and ronnlag. 
The reralta of tbe apedal teata were fnrtbonnore amply 
Termed by tbe floal teat of tbe friction (Hike at eacli 
mochlne under full rated towline pall of 25,000 (ounda. 
All forty maehinee were given tbla allp teat twenty-flve 
timea from earii cab, and all paaMed the novemmcnt 
reqnlrenicnt not to excevd a variation of D per cent 
above or below the normal of 20.000 pounda. 

In connection with the allp tmt, further data on th« 
alow winding motor waa obtained. The winding motor 
la a 20 bune-power (one-hour rating), three-pbaae, 
high toninc, aqulrrel cage type. Induction motor con¬ 
trolled from a drum typo leveralble oontrnller In either 
of the two caha. Aud It hna ample power to take care 
of any andden pull on tbe towline up to 40,000 pounda, 
which la well above the normal requirement of 25^100 
pounda. The apeed of winding la at the average rate 
of 12 feet per minute. 

The rapld-colllng motor la permanently geared to tbu 
dram, and la of tbe aame tyiie, alse and capacity aa tbe 
winding motor. It la aubjectod to ita maximum load 
when accelerating the heavy drum ^o the high apeed 
required for colling or paying oat tbe rope, thla being 
alxteen Umea the alow winding apeed at foil load, or 
about 200 feet per mlunto. 


leffleiaat The atow-wlndlng and tto nptd-eoOlBff moton B* low Npi 
rea and evented by atmUar oentmiora ud tka dienlta riom 
aelaeted trlcally Intorloeked ao na to preUtdt appUcBlM of pew- mit 
ry Uttia er to eltber motor nalaan tba controDtr of th* oOw 4 fha 
rannlag. motor la In the “or poittka. Ugh H| 

e amply Raeta of the two mala traetten BoCota baa a ntlaff tba loca 
(ff etch of70hotw«ower, andkef thoaUpriiigltidiwttoatTPa & Ihi 
roDnda. operated by a watan ot oootaetors with matter ooo- devloa, v 
mty-flve troller In each cab. Tba moton, by maena uf tbe of the to 
ernment change In gearing from atralUit tnettoa to rack rail Tba A 
ler cent towing prevloualy detcrlbed, drive the loeemoUvi at a cblaaa i 
^leed of a mllea per hour wbaa towing and 0 mllta per their mi 
1 on th« boor when returning IdleL Tbaae moton aot aa ladoe- forming 
g motor tlon generatora running abova tysehronona apeed when Tbe loo 
e-pbaae, tbe locomctlTa la paaring down the ateap ladlnaa and operatloi 
tor COD- thereby exert a tefaudlng brake efleot to keep the apaad lathmUi 
n either nnlform. The l< 

Ike care Apace doea not permit of a detailed deaorlptlon of and a gi 
pounda, tbe looimotlTe control apparatua, bnt a fairiy good Ida* Dnrini 
f 'MjOOO will be bed by reference to one of tbe Ulnriratloiia. atlon of 
ige rate ouiiifaBT. cargo to 

Tba lowing loonnotlveii, aa deocribed and lUnrirateil, tbe lo^ 
1 to tbu pm a i e a u the following operating rikaraeterletlen: Dnring 1 

r aa tbe 1. While towing, the apeed can be regnlar from aero railroad 
im load mllea to two mllea per boor. tween tl 

h apeed 2. WhUe running Idle, tba qwed can be tagnletad year DM 
la being from aero to dve mllea per hoar, permitting ntnra tripe alx and 
load, or at Increoned qiead. laUunna 

3. Tbe wlndlaaa wlU pay ont or wind In cable at tbe were tn 

The Hygienic Home 

Some Facts About Ventilation and Fresh Air 
By Dr. John B. Todd 


kw Npa ai<ai» 

po^ ritte itbm. fa 

4 the vrindlaw win gay OBt or «« la oMo kt 

m n»a gnggd wttb tbo tow Una tuft «iii» 

the lacoBOttva la ranabig or «t mt.' 

& tu wbUkm k ogUiipol wttb a mUtr Crietk* 
derioa, whkh k Bdloatablo to aar ptadUiEBiaM patag 
of the tow Una poll. 

Ibe that iBprtaaloa may bo gaOwad OBt thaep. ka- 
cblaaa are aomewhat eea|illeata|l; bat, oonaUeriag 
their toaetlMB and tba groat ggy pat', 

foraing Om, tbe dealgn k tn raalUy peedUariy abmlb 
Tbe looCBotlvei beve fnUy doO w gigt ra tad |a aoWU 
operaUon that tba ragolrenitata. ecokBpUktod 1^. Ib» 
latbakn Canal OnmralaaUwi have been eocoOgafgUy Bai 
The tocoBoUvaa have a net wright of MMO poobda 
and a grow thipping weight of 88,000 paond4 
Dnring the ftnt three monthe of eoBBWrial opa^ 
atlon of the canal, froB Anguit 10 to Noranbat Ift the 
cargo tranapoited tbrongb tbo oanal and towad OuBiab 
tbe loda by tbo loeoaotlTaa aBooatad to tao4 

Dnring tbo flaeal yaar lading Jane 90) 1914 tbe FaWBa 
raUroad cairiod 048,178 tona of tbroogh firriUit ba> 
tween tba two aeaboarda, and la tba pracadlag flaeal 
year l»40M tona Froa tbk It k aaan that batwan 
alx and aaven tlaiea aa much cargo k paaalag oTar tba 
latbmna now aa paaaed ovar tbk roato whCa goodi 
were trana-ahippad by rail. 


Tn booM la the (oundatton of all aoekty; ita organlta- 
thm b the objaedve realiaation of the wiadm and eoltora 
of Ik foondan. Tbe ideal home b thet In wUah, with 
the meem available, then b aa adjuatmont of environ- 
mant that will nault in health, aomfort and futora do- 
velopmnt of ell membm of the family. In the eatahUih- 
meat of an ideal borne It b not ao muob what one dooa, 
ordoaanotdo, but nthar whether in a given environment 
and witlihi otte'i meana one doea really thoae thlnga 
that eonnt for haaltli and oomfort. 

One of the primal eonditloni neoaerary for an ideal 
home fa iha perfeot health of all iti memhen. The Aral 
wealth b health, for wUb there are exoeptiunal oaiee 
whara an Jodomitabb wUI b abb to overoome tbo handl- 
eap of flUmlth—aa in tba oaae of the lUuatrioni Darwin 
—atOl, with peefeet health much more oould he aeoom- 
pUabed. Of the oonditlona la a home that are factora 
in produoiiig ill health and dbeaea. the matter of venti- 
bUon b Twy Important Probably poor ventUaUon in 
houeea, aohoidii, ehurohea and all other Indow phwna 
when peopb epend more or lees of their time, b the eauee 
of mwe deathe and more lU-hoalth than all of the wan. 
The effect of living in lU-vaDtUated rooms b very lo- 
ridioua and alow to be notbed. but it b none the bee fatal 
In lU reenita. Sanitarlam have made many experi- 
mento trying to And out juat what it Is in bad ab that b 
bad, but their raaolta so far have been unavailing. Their 
methods an too olumsy. Aooordlng to their beliefa 
carbon dipxide—the pnduot of reeidratbtt-4e not hnni- 
fnl. The foul smelling odon that we notbe in ohwe 
roomi pnduoa no ill effeets, relweathlng air b not un- 
mnltary, that the baototia we take in through the air 
b of a neidigibb quantity, that the breathing of duety 
air b not bad unbes in eome tradn, as grinden of met als, 
pottery, eto. 

The fallaey b in trying to find bad air by ooneidering 
and exeludlog the eonatitutento one by one. In the seme 
way there b no loeh thing aa a wagon, for whoi we 
inquire: 

li the pole the wagonT 


we fail to find the wagon; but when one b knookad down 
and run over by a wagon, than) b no question of ik ex- 
bteoflc. Thiu when we eouiidar the dkeaaed oqsdl- 
tbna that exbt amuiig peopb who habitually braatha hiMl 
■k, thve b no doubt of ito reality. Pint, wa And a itnw 
bnt steady towering of reibtanee, the ooior of the sUa 
b pale and not of the ebar, ruddy tluge of pao|da Uvlng 
out of doois, there is lulvexldatton, the atab Indoor 
oxygen has lost its vitality, and in oonaaquenoe thay ha^ 
oome easilj fatigued. Then eaaemb fidtom as the pra^ 
uuraor to a boat of dbaasea; broaeUtb, tnbermiloria, 
laiyagltb, rhainiiiatlam, and d b eawa uf the digaativa 
gyrtkB. Prioagaakwd 1.410 woriMPkealtorbahiibi 


and the beat tailor ihopa, and found over two-tblids 
diseased. 

Prom all these faeta it baeomaa very evident that we 
need fresh indoor air—air Uiat baa had iU oxygen made 
aoliva by the aetlnlo rays of the nm and the buffeting 
of atormi and winds. In tbe Ideal home the problem b. 
Ant, to build In a manner that our honaae an eold-proof, 
and therefore U beoome* a matter of better anhiteotnre. 
Prom 36 to fiO per cent of the furi we bum b waoted to 
faolanoe the heat tom from our windowi, walb and floon. 
If the beating probfaun were only to warm tbe air in our 
homee. tbe eost of furi would be imdgnifleaat. 

We wont windowi in great pteety, for Ugbt b aa neoe#' 
oacfM air for healthful rooms, but the beat lose from tiie 
windows in enonnoui. ^ room irndoaed by gbas but 
with no beat b ak cold as the outrida, and added to tbe 
ooldneaa b the itale, dead ab with Ik inaotive oxygen. 
Thb b the raeaon of the failun of g i asi- l n eio a ed sleeping- 
porehea Ab of itaelt b a noaooadaotor of heat and we 
have only tobnild our homee with two or three air spaeee 
in the walla to make them praettoally cold proof Of 
eoume all windows, except thoae having freeh eb loreeni, 
ahould have perfeot Atting storm mah, and the Aoora 
ahmilH have a noneonduotor Ailing between the JobU. 
The extra expenac of thb oonaknclton arould be returned 
a hundred fold In health, comfort and money saved. 
Then, no matter what heating and ventilating syitem 
you have, there should be several windowi Atted wHb 
irodh ab aoreena.' These an wood framee made to At 
etoeely the window frame oppoaite the tower sash In such 
a manner that all openings for diafto are otoeed. Thb 
hame b ooverod with a medium quality of unbleaohad 
cotton etoth. The tower window fa left free and ean be 
railed and towered ae oooaetou may require. When the 
window b rabed the mnen aoti aa a peniwable memhiana 
and eltowB the treah ab to ttowly dUfnaa into tba room 
Slid permits no dranghto. Thera b not a day during the. 
eold months of tile year when toeee trqih ab loreene can- 
nut 'be uaed at ton^ or shorter intervab; and another 
great benedt from theb uee b that the ab fa Altered and ’ 
dast^ree. Duety ab b one of the faetora that easmaa 
dbeiaa and we have greatiy nnibi^eatimatad tiM «v0 
eflaete of bnqtiiiiiO dust ladea ab. 

nere b one part of the home in whbh we qieiid me- 
tidrd or non of oar livee, whbh ahould rwriTO Ov 
eenast ooualdaratioa to lendar it saaltary In onry iw, 
apaet,and tintbthai to ep i a g room. UtiMcebaaypnri 
of the 34 hoori ta whbh wa want to be eoaCDCtahlq, it 
b when wa retiro to vroo sweet deep, and there b Bbo no 
part of out tine trhen we realty used ft«ah ab aad.lT* 
oxygen aa mnnhaa wa do ben, that wa Bay kfat fk 
friahad and vigansB. Too often We have aeabamrOUe 
to reeondb timlAia of eemfort and freril ab. and waJhna 
taken oomfort agdlak the fikdi ab go. 

Howew, it b pmrihk and pmfsetly oraotleal to il^ 
in eoafort darimi tfaa wtotsr lad at the SUM ttoo hen 
oar rieeplng MOB flOai with nM4 fieahWb. ff^haye 
only to pbee a propa^ aoerinatod fkaik gb aarhaa 
opposita the tower to sma «two wtoiton. thsfi wMh 
tiBwimtowambedatalgttww.ewiriaaptopBtoittolto^ 


with the room Ailed with flesh, inrigotatiiig ab, and one 
will arise in the numing with renewed energy. Then 
will be no draoghta; rain or anow eannot eccne in, aad the 
room wAl not seem eold. Some motben will ahdm that 
(Ui b boat for adnlta, but that it will not do tor small 
children, as they will get unsovared and taka oold. 
Many of these same mothen have leanmd that it b 
beneAoiil for the baby to sleep oat of doors in the baby 
oarrbge during the day, evan through the aoldsst waathsr, 
when the ehiM wW alaap quletiy and nover dbamaga 
the ototbint. A Uttia thought reveeb the hea that 
ehOdran ktok off the otothlng nigbto faeoauea they are 
nnoomtOrtably warm in the heated, doee. ituffy rieqiing 
roome, and that ririldran abeping undar them eondi- 
ttons are baUtually getting eold. What we etll eoUa 
b a germ Infeotioo, and hot, itoSy abeping rooina funlto 
favorabb oonditioni for ik devetopnent, wUb a!eepli« 
in eool, beeh ab devatope the graalaet poarihb resktaaoe 
to tiw InfeotioD. Mothen dtoald an theb naaon to 
fortify theb oourege, aod provide bmh ab aOieaM far 
the eUUrea'e deeping roome. They will not hbk off 
the bedding, bnt inetaad win eoddb down and daap 
qubtiy. Theb leiditanee to eolds aad iafeetlcBa wlU 
be in et eeeedpad thiy wfll make Bore vigenna growth. 

If there b any oeeaetoa in onr Uvea wte wa raqnbe 
freeh ab more then anotiur it b when we are 
to our bed by lemon of fllneB. It b at Uds tiaa that 
the nee of freeh ab aaraoM glvas the ffaatito abBlcrt 
end farnbbea the graataat aid to moniy. Btabbara, 
deeperate otaee of anaewb have mnoh gieakr 
to mend soon ae eontinuoui freeh ab netaBtloM are 
provided. In pneaBonb it b wiU kaowA tiiat tha.eBi|< 
fort and eondltlon of the patkBt ara laprovad onM 
freeh ab eonditieiw, and tha ehaaeaa of taeovary greatiy 
inenaied. 

Wa aU hava banted by pemaal axpsrbnoe to ap* 
pcaelata the oomfort and bmefft of freeh abitvlag. Wa 
nmy read and hava ow leaaOa onivlaBed. a«r btaodk 
may talk tmh ab tBt& wa hava not as obJtadBt to 
pnpem, atijl, gBtP oik bmrolafbk aoM ftow pkaoMd 
expesUnee, It b of aa to |b ighto 1tv«4 Yo« 
AoaM aeqlte timf p i w a B ' ggpk l tijto ^ iavtog a» 
M cma window to paw tiawtoll toBA.M wak » 
to«p«to aado’wto'ito mmfia 
w$vw tor of. mm 

atoufk. Whan aa^.hp0«l(|d|»J|tw^to^ 

akflMr, thaw, who m .wA^-mSSfai^ am, 

aA im thak’aa.batotoa wMtd tooto' 

wii teftntoSw. ItoliB JUrl'. bMp 

4*!'- V twrWi j t ! **' V M wi w t-'MW y'isam. 
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Arithmetical Machines—11* 

Their History, Theory and Methods of Construction 
By H. E. Goldberg, M. W. S. E. 


Conduded from SciBKnnc Aiobricam Sofflbiibkt No. 2038, Pago 60, Jaauory 23, lOlfi 


tto tiam ct kay-ut aMtag 
lAa t tan m am to l» firand Mao of tbo beat known ma- 
oklMa anrli aa Uka Bunoatfba and Wal«. Tlw Bnv' 
roogba la maatnietad about aa fMlowa: (Tlci. 7 and &) 
Tbtra la a bank ct kajra for eaoh dadmal plaea. Sach 
bank la prorldad with kofa havliic tka valnea l, 9,8, i 
S, 6, T, 8. and 0. Oo-opetaUnt with tba k^ of aaoh 
bank la a bar A, whloh bu a aarlaa of proJaetiooa opon 
it, i*. P, ap to r. KoOoa that P la T017 doao 
to tba bottom of tba kep 1, In toot, Inat' one atop ra- 
tndrad. P la two atoiw fnn tba botton of tba kqr 2; 
P to nine atepa from tba bottom of ker B- Xbero to a 
epHnf 0 fandlng to more the gwr bar to tba left, bat 
It to pnrantod from ao nMvliut bj the Intortonora of 
tba rroaa bar D. When tba operator drpwaaaa a kar, 
b« poabei Ua battom Into the way of tbe OHiperatliai 
ptolaetkn open tba bar. Tbe operator, bartna tboa aat 
np tbe kayo tot the nnmber deilrad, potto tba handle. 
Tbto advanoaa tbe bar f> to the loft, thm ramorlnf tta 
Inteitoreooe. Tbe ban A follow tbo bar aa tor aa they 
ran, that to, nntll each bar talia tbe projoctlon upon 
tbe krr dapreee o d In Ua bank Bach bar to thna ad- 
vonoed a number of atoiw correapaodlna to tbe rmloe 
of the key depneerd. Homo of yoo have alraody 
noticed the tact that If no key to deprawed there to 
Dofbliif to atop tbo gMr bar In Ita advance. It, there- 
fora, jeould move the maxiraam amoant, aay nine Of 
CMuaa, tola moat be prevented In an actual machine, 
and to ao prevented by a apectol atop which provenbi 
the bar A from movtoc, bet wblch etop to pmtoed out 
(rf tbo way by tbe puahlna ilowa of any ke> 
rotoitnr.—ton wUl notice that BIx 8 to drawn to a 



f/af Fit » 


toner acato than Fif. 7. Thto la for toe punKiae of 
lUaetratina tbo totoUaer nurlni the advance of the 
gear bare, the totaltaer wbeole T were not In meeh 
with thorn. After tbe ben have finlabed moving left¬ 
ward, toe totaltoer to lowered Into meeh with toe bam 
When the creee-bar 0 la puahed back. It pnAea bark 
tbe gear bora to their original place, and the meahed 
totallwr wbeeto are tboa rotated on amount owreapund- 
Ing to tbe value of tbe keya aet up 

launedtotoly after tbe letatloa of tbe totollaer wbori 
by toe gear bar, tba carrying mecbaiilam operatee. Tba 
teoaearrytng mechanlam la oonatnicted aomewbat ob 
foUowa: 

fiiia|tiia tba totaltoar wtaeola T moonted on on axle 
and eodi whedl provldad wlto a oorrylng projeotkm TP. 
Between eneb two wbeeto to a lever B mounted, let ne 
oay, frtoUonAlibt npon Ita fnlcTnin, and having a tooth 
B In too pathway of the pto TP Tbe wheel T rotabw 
in tbe dUeetton of the arrow, and )n doe tone Ito pto 
rp wfll otrlke P and pnab away tbe lever B Tbtotorlk- 
Ing and poahlng away of too Igrer la dna noUoa that 
tba wheel baa oompMed a cyde of moton; that to, 
OfUlimetlcaUy, U tooold carry a ten Into tba next 
Mttoile wheal to the toft Any wbaail that abould toni- 
earrf wUl, tbanfto% have pnabad gway Ita lever. Any 
wheal that tbobld Mt tmuMarry wOI not have pnibed 
away tta tomr. Tba whaela r ate cotatod by too racka 
a npon tbe bar A, wUelt raoka ff In Ouie tom are 
-tMlIed by ogcliiia f fhotonad both to tba racka and to 
tba-bar A. BOdk rack if U provldad with a botto / 
unit aUlkgi agatnot tbe and of the tover B wbenevw 
Utof tom to to Ita appraaebad poattloa: toot to, os 
tong in lha tom bga not been pnabed away by tbe 
wbeiL Bpt wfm tba tovar kM been ^mbed away by 


ItotoaA, It mtata Ntow toe tom, and thna movea on# 
■anpp Bnttw to thf Ugfit t^ltt it woUM hava moved If 

by toe tover S 

ktotobto IB tototb tom to tnm to moved by 

UtotBknltotoWbtoirtottorMit Itoit to. daafly, tbe 
. a wph rt ad >to k wbaai aguinat tta lam detoe- 


only tbe movement which it would otberwtoe receive, 
but atoo an additional itep of movement, that la, tbe 
tona have bean carried Into It 
The above mechanlam to elmoat Identical with that 
need In the Burrooidie end the ftaltoo machines Varto- 
tluoa are found In tbe Ifoon Hopklna and many othen 
The mechantom aa deaertbed le Irreveralbto, that to. 


Ext 

Ex. 2 

9909 

9999 

1 

9999 

*155^5 


99^(f0 


9WO 

'6^8 

tW(fo 


10000 

19998 


F/a9 


It will not work It the whcele T rotate In the oppoelte 
dlrecUun The whaela would he atnok when the pin 
TP woulil Mtriko P ‘niia aticking of the wheel at thU 
fiolut when rotatliig in the oppoeltc direction la naod 
In tbo above machlaea In bringing mid wbeeto to tbe 
aero piwitlnn. aa !u eraeing a unmber on a totollaer or 
in tbe printoig of a total Tlie tcna-carrytng of tola 
mechaiibon la, of conrae, aucccaatve The wheel to 
the left doeM niA cart) until tbe wheel to tbe right baa 
dmie ao, bat It la very rapid, and in practice but little 
time ta oocapted thereby 

A totaltaer like tba alio\e that accnmuhitaa alnml- 
tanooual), Imt that carriea Mocoeealvoly, would dtoeat 
the eiamptoa previoualy oaod In tbe following manner 
(Fig. 9 ) 

Having already In Ita atomach tbe Brat Dumber, DOW, 
It awellowa tbe aerond number as a whole, but doee 
not amtmllato It Immediately. The renilt aa to tbe 
fliMt bite would be (*8), ('8). (B). ('8). Oke Uttle (') 
■howa that It la a number temporarily stored up to be 
afterward carried llecbanlcally It means that the 
to\cr next to the wbed baa been puahed away. A 
aerlea of dlgeatlve atepa now occur, wblcta racoearively 
traiiMfonn the coiitmta Into tbe number desired. Tbe 
Brat diavetlve atep reeolta in tbe oarrylng of tbo unite 
('1 Into the tens, thna givliig <'8), ('8), (V), 8 That 
la, tbe tena rarii baa moved an extra atop, nie eecond 
dlgeaUve atep pruduooa (’8), (’B), 98. That to. tbe bun- 
dreda racka has looted ta extra ibgi Tba third atop 
ahowi <'9). 90H. And tbe loat atep prodnoee 18988 

The totallaera of many maefatoae operate on this prin¬ 
ciple of delayed seriatim oarrylng 

Any machine whose totaltaer would ocmmutote and 
carry atmnitaiieoaaly would moke but one Mto of tbe 
whole meal Thus 9600 and BOBO to 16698, There are 
no macklnoi 00 tbe market whose totallaera operate 00 
that principle, but there are quite a number duKribed 
among the patents liaued to the Cnltad Statea. I<et 
mo Btato hem that one medianiral boala for the poori- 
bUlty of acconpllahlng all the BocnmutoUcas and bD 
tho oarTylnga atomltanemuly reata co the employment 
of trains of epicyollo gaat& 

Tea-key BocMam -Let us go a littto further Into 
tbe theory at the tenkey maebtoeo. We noted that 



every totollaer baa a net of totaltoer whaeta, one for 
nultx, CM for foaa, auotbrr fui bnudreda, rto. When 
on a typewriter a notober In printed In a cutuuu, aa 
to awaHtog dtotoia atto cento praperiy. tt to the bimi- 
uen wIttM opamte to ktog the eattUge oC the ma¬ 


chine to tbe proper place for tbe Brut figure, and from 
then on they follow In proper order Tbto readily eolrea 
tbe problem for all typewriter ■ttoofamento ewb os 
the Wahl and tbe BUlotMInher On some morilinea, 
however, aa the Dalton and the Ifooo-Ropklna, there to 
no carriage which to Brat derlmally placed by tbe 
operator When on eueb a ten key nuuhtoe an opw- 
ator atrikaa a 1, bow does tbe machine know that It to 
a 17 Perhapa It to only tbe Bret figure of a number, 
■ay U7. Blstorloally, tbe accompllahliig of tbe result 
was found dUBcnlt, aa to shown by tbe fUct that to 
the earlier manhinea tbe Inventore put down tba flguras 
backward Tboa 197 used to be put down, Brat 7, then 
2, then L Hie flnt men to show meduuitoma whtob 
permitted tbe figures to be written down higbeet 
figure first, unlto tost, were Mr McCaikay and Mr. 
Belmick, both now of Chicago, The Idea occurred to 
each of than todepeiidently, and aa they both appltol 
for patents to 1804 eome compllmtions aroae aa to who 
woe tbe Inventor. The meaue by which they aoeom- 
pitohed the result was the Introduction of a mpple- 
mentary carriaBO capable of storing up a nnmber. 
(Fig 10) 

Let tbero be a aerloa of windows throngh which 
nombera bectmie exiwaed to the operator of a marAilna. 
TiOt W he the nnito ptooe window, W the tana ptoix^ 
eti let A be a carriage aomethlng like tbe carriage of 
a iTiiewrlter, end provided to a etoiltor manner wttb 



an ewapement meebontom, and baring a tendency 
couUnually to travel to tbe toft Thto carriage to pro- 
\ldi)d with e set of wbeeto 0. Let Jf be a mastor wheal 
located bnmedlatoly to the ri^t of the nnlti window. 
Tbe master wheel M Is glvn a rotation cortaapaodbig 
to tho fignre desired It the figure to an 8, tbe maitor 
wheel would be rotated eight eteps by any suitable 
meebautom Thto maater wired Jf thna rotetaa tbe 
leflmoet wheel of the carriage, bringing tbe figure 8 
oppoalte to the row of windows, but not yet under tbe 
window In sight of tbe operator When the operator 
rclcsues hto finger tnm the keya, tbe eecapemeot mech- 
anlam of the carriage causes tbe totter to advance one 
step to tbe left The 8, therefore, cornea Into view In 
the units window The moving of tbe carriage has 
tboa brought (vpoalte to tho master wheel tbe next 
wheel to tho right The pnehlng down of another key, 
any 7. by the operator, canaea the master wheH Jf to 
Introduce a 7 Into thto second wheel, and tbe anhaeqaent 
eecapement and moving of tho carriage another step 
to the left brings thto 7 luto view In tbe units window, 
moving the original 8 Into the secuud window, the 
whole nnmber now visible being 87 And ao on Aset 
of totaltaer wheels T to located In alignment with tbe 
windows, and the carriage with Ita wbeeto la, tberefore, 
brought Into alloument not nnl} with the vrludowa, bat 
olwi with the totollicr w beets Farther operation ile- 
peudH uiKSi tbe cunatnictluu of the machine But In 
e\pi\ tell key machine where It la not tbe operator that 
drat tletermlnm what dmimal place la to he operated 
In a traveling carriagr H provided for storing np the 
numberH, which carriage tntela toward tbe left In 
Fig 10 the IratellDg carrloie to retiraernted aa pro- 
third with a aet of wbeeto wbhh are routed by a mas 
ter wheel. 

Fig. U niiriaoBt tbe conatnictioa of the Moon Hop- 
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kliui and the IMltm machines—more patUcolarly the 
Dalton. There are ten knjm, O, 1, 2, 3, 4, B. 0, 7, 8, S, 
which are fulerumod npra an axis. The bark riida of 
the keya are bent together to form a line, and end In 
a aorlea of proJecUoiia, P‘, P‘, P‘, etc. Pnahing down 
the linger piece at the front at the key puahes up the 
curreepooding projci-tlon uiiun the Iwck at the key. 
TiHvellng Immediately above the projectlona at the 
barks of the key ll•rcra In a currUge V provided with 
drcbual banks of stoiw, each Ntoji, say, frlctlon-tlght In 
Its bearings. The varrbige Is iirovidnl with an eacaiie- 
mriit mrehanhun like that of n typewriter. It can 
tbnM bo seen that when an oiwrator p^elwe^ say, key 
7, the pin oorrrapondlng to 7 will be inislied np an 
shown In Fig. 11, and the carriage will adraitre one 
att‘p to the left, bringing a new bank of stoim wer the 
projections that are at the backs of the keys. The keys 
ran tlicu oporato upon the next honk of sto|M, and the 
number Is tbns set up u|inu the carriage. 

After titn liiinibcr han Is-eii set up upou the stO]ia In 
the currlagc, It Is transferred to the totallicr by uhwiih 
of SfUne largi' Hcctura M, meb of which la provided with 
a linger P caitoblc of striking the stop o|tpuello to It In 
the carriage. Normally, the aoclon are held bark by 
mcaiw of a har fi against the force of the springs n; 
but when the bar la moved, as la done daring the laill- 
Ing of the handle, Ita resistance la removed, and the 
sartors advance ns fbr as they can, that la, nntll tlwy 
are stopped by the protruded pins In the carriage. lu 
the Moon>IIophliM machine, racks Instead of sectors 
are used; otherwise the tnorhnnlsm Is about the same. 
The carrying mechanism In both of these roachliiea, tlie 
Ifoon-Hopkliis and the Dolton, la similar In theory to 
that deacrllmd In couuertloii with tha Burniugha ma¬ 
chine. 

1 have given no space to printing meohanlam, which 
la tiulto a iirohlem In Itself, iiartlcnlarly the non-print- 
Ing of the acres at the left of a significant figure. Thus, 
III a moobtiM whidi has, say. fwven ileclnuil places, tha 
number lOW would have the three leros to the right 
Of the 1 printed, whereas there would be no neroa 
printed at the left of the 1 The printing mochanlam 
varlai cooalderably In the machines on the market As 
a goneral principle, tha mechanism for the preventing 
of tha printing of the nndeslred aeroa worka by pre- 
ventiBg the printing hgaunem from flying to make an 

MuMptvtag imi DMding ifocAlaei.—A mnltlplyliig 
■ltd dtvMlug machine differs from an adding machine 
In that It moat preserve the mulUpllcand that la net 
up on the mechanism. All multlptylng machines, with¬ 
out esoeptton, prewrvo the roaltlpUcaiHl during tlic 
proceaa of multiplication. In adding machines, the 
addend la dortroyed after the flrit addition. Figure 
la shows a diagrammatic repraaentatlon of the mech- 
aolsm of Grants arlthmetloBi mill. The machine Is 
supplied with a carriage C capable of being reciprocated 
by menni of a crank P. Uonnted In the cerrlege are 
a series of racks X, eadi provided with a handle B, by 
meana of which the operator can advance It In the 
carriage to any daolrcd poaltlon. In the flgnre, one of 
the neks only la ahown, and It la advanced four steps. 
Uf (‘ourse, there la a rack for etch dedmal place, one 
for units, one for toiw, etc. The operator advonon 
each rack the deolred amount and the machine lodu 
these racks Into place in the carriage. The rotation of 
llH> crank P then idvancca both carriage and racks to- 
want the totallicr wheels T, which ire thua engaged 
hy tlio racks, and each In rotated an amount dependent 
iiIHiii llie iIInUdco that its particular rack bos prevl- 
imsly Iwen advanced. There Is, of eonrse, mochanlam 
for preventlug tho rotation of the wheels T upon the 
rctuni movtmiuiit of the earriuge aial racks, hut Into 
that I shall net outer. Ntdlcc that by this means the 
number set up upon the carriage b not dbturiied, but 
cull be used over and over. 



In Fig. U b shown another meaiu that b tiaed In 
multl|ilybijr machines for lilberHni the number In the 
lirfnilicr. For each derimal plooi there b a bund n, 
isirt of which, apimaluintely ouo-thlnl, b covered with 
teclb which vary In length from a uuulmum to a mlhl- 
nmn, a^ Uve the valwa » to a FenlW wUh.Om 


axle of the barrel b a eoaere rimft 0. whieeou to dM- 
ably mounted a gear D, which, hgr aoiM et a handto B, 
to SIM by the operator oppodto any dtaiiufl point The 
rutaUnii of the barrel wDt toMMtore, oanae the wheal 
/I to be routed a numbei of hbga, dependent upon the 
number of toetb on rite barrel B oppoatte aald whed. 
That to. It will be roUted oidy one atop whea It b 
uppoalte the lower end of tha long tooto. and nine 
steps when It b opposlto alt of the teeth, aa at the 
upper end. The flgnru to the left tdiowa a development 
of the eurtece of the bamL Tim reanon why the teeth 
u|K)n the barrel occupy only about coa third of the 
clrcnmfenmce b that tha other two thlrda b need In 
thi> carrying meehanimn, wfakdi I ohall not Ulnatnto 
at this moment The above meehanfam to the one In- 
veuteil hy T.,elhnlta about 1675 and to now nted In tha 
Thomas, the Ilurkhatd, the Tim, the Baxonla, the 
ArchliiidleH, the Moiinie, and many othera. 

Thu nicchuubm In Fig. 14 rep r ea e nte the construc- 
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tlou of the HrunavIgR machine and Its brethren, tho 
Thales, the Trinmphator, the Ifandland. and others. 
There to a drum A capable of being rntated about Ita 
axis, and provided In each dedmal place with a mech¬ 
anism like the one before ns. In eadi dedmal place 
then to a rotatable cam prodded with a handle B, hy 
means of wUoh the operator may rotate It about the 
axis of the drum A. The eperator may tbna project 
outside of the drcumforence of the drum a seriea of 
pins P, or retract them Into the draumfetence. In 
tig. 14 we see that elx plni have been projected, where¬ 
as three remain below the surtaea. Mounted upon axes 
parallel to that of the drum are two totaltoer wheeb 
r* and 7*. always In meeh with eodi other, and each 
lirovided with ten teeth. It to evident that t rotation 
given to the drum about Ita axis will canae tha pro¬ 
jected teeth or pins P to pam by the testh of 7* and 
rotate It an amount dependent npeu the number of 
pIna set out Moreover, this wlU occur at every revo- 
Intlon of the drum. 

Hhoold the drum be rotated In the oppoelte direction, 
then the wbeda r and 1* wlU stm be retotod an equal 
amount, but In the oppcolte direction, thne ncoompitob- 
lug subtraction Instead of ad dition . 

The canylng mechantora of the Brnnsvisa will now 
be sketched. Upon the wheel r to a pin FF. Cooper¬ 
ating with the pIna to n lever B mounted, miy, friction- 
tight npou Ito fnlcTum. It to evident that whenever the 
pin TP pesaw by tho lever. It will puoh It away from 
the wheel T* upward toward the dram A. Hie lever L 
carries a pecoltor wedgeobapad ptoea W near Uie drum. 
Fig. 16 shows a view of the wedge tohmi on e plane, 
Induding tha axes of the dram and the two seta of 
wheeb. MMmted on the dram to n epectol carrying 
tooth la It to normally held to the right by means 
of a spring, and In passing will net ongagt the wheel 
7* to the left In Fig. 16 am ahown two adjacent 
wfaeelf T*. two wedgm W. one to the right and one to 
the left, and two opectol carrying teeth la The carty- 
liig tmlth 10 to the right to In its normal pcsltiao. In 
imsslng hy the wheel J* it wostid not be Interfered with 
by the wedge W. It would, therefore, mtoe the wheel I*. 
Huppuee, however, fhit pwtoue to the coming around 
of the carrying tooth Ift the wedge W had been pwhed 
III the way of the tooth W, ai to shown by the wedge to 
the left.-the tooth 10 would now strike the wedge Im¬ 
mediately before atrUdug the wheel 1*. It would thus 
be shoved to the toft, and In pminlng by would engage 
HiHl turn the trbari r oue otep. It would thus rotate 
Mild wheel a epectol eorrytiig etap. 

Ill order that ^ egrrylat ttope Upou tte vutoas 
wbMto of the totaltoeg ohall not tstefOra wlto toeh 
other, these otaps ON vfld* aaocaarivei Onetoeom- 

pleted before the Othar optomtooao. To oonompIUb tfato 

the teeth 10 are tUneod to a ftdnti around (■» dMtt. 
The ndnl ohroya dparntat ontta flint, toiW nott, Ote. 
Thb may require that toeta dun be i dUtoreot gRinl 
fw aaMraettoa than tar nd«ttoto sad to thd ^rmwrigl. 
the Monroe, and Ctber totofldtito ftiM to-g ftwto i lto lb fl 
by providing two iwlrsK W of bWrii to 
addlttocu and the other toJWtoflIgB. 


eaiid to rapMly oddad oavoa ttomb Btoea the klfliwr 
pooslUa flguta to Bond tha towogt to 1, wt tolfliiflaflp 
that the avorag* flgnra to 8. and ttoft ^heoa npafltdt 
addition mnlaplirtag macMnaa lagqlri flt* Ota^'tor- 
mplUplylng by on eVeMge flgniw ntora ua, taawwrdCi 
mnltlplyUig maehliMs whldi do oot epenta qn tba ne- 
peated-oddltiou prtmdple. They omho^ to tlwto madh' 
■Dism a moebanlcal xatmaratetioD of Uto anltl|itU» 
lion table. 

lu Fig. IT to ahown tke mnltipUontioe tdilnaa pight 
to na In achool. PlaaOb notice that I hava fllM out 
each product until tt'dwaya ooutaliw two flgaraK eoa 
Id the tons place, another In the ante ’HamaBtotdy 
below we me a •eoUou of this maittplbatlon tohig tobag 
tbrungh T. and above that are the prodneto wpraMWtofl 
mechanically by varlUH taagtha of ptas, the flnt pto 
rejireMentlng the tea place, and the eeeotd pto the 
units place. Fur Inatance, 6X7«i4a to repteantafl 
by a jilii In the toiw place whose length to 4, and another 
pbi III the uiiltH pbH» whose length to X The irtwma 
biillratcd. iMinely, the repreoentatloa ct the nottipUea* 
tiuu table by dlflereot loagtha of ptna, woe. the qae 
And iiropowd as a mecbanleal fcpras en t a tion at the 
mnltipllcatlon tables and was broiidit out by Iwou 
Bullfe, a Fronebman, many yeaia ago—1 tidnk to UMl 
A fter him there came amuy otberN. Kindly nation that 
III a luuItlplIcatloD-table mnltlplylna machine It to necae- 
sHry to perform two additions for each dechanl place. 
iiHiucly, the addition of tho flgnrea In the tena plaoe and 
the uildlUon of the flguim In the units place, Thto Wonid 
seem to Indicate that the mnlttollcatlon-tobto mdttply- 
liiK machine teqalring only two addltione per dedmal 
place to about two and a half ttmee aa fast aa the re- 
lieated-addltiMi multiplying moebtoea, whldt require ilve 
addltloua on tha average for each dodmal ptaco, In 
practice, however, the dllleronce to aoneUenUy ceduoed 
by the special meebantom that mnat be opaiated to 
the mnltlplieation-table mnltiplytog macktnin, and 
which do not occur In the rapeateddddltion mdtiply* 
Ing madiljica. 

Tbe above rofen to the mnlUpUcaUan at n mulUpli- 
caud hy a multiplier of a aliigle flgure, any, 4Me by 7. 
Ill GBie tbe multiplier boa more than one flgnra it to 
iiccMsary to move acme portte at tbe meebantom rdar 
lively to Buethef to therehy aUft the dedmal ptoco. 
This Is accompUabed on most maditnoa by hand, bn 
on the Monn-Hopklmi and Millionaire auehlnm it to 
accompllahed automati c a ll y. 

niriftag JfaoAtosa.—Dlvtolon to ordinarily occen- 
lOlshed mentally by gueealng at a trial dlvtaor, nttaotiit- 
Ing the dlvtolon, leeliig wlietbw It to il^t or wrang, 
and correcting tbe reeult In accordance tberewUh. Thto 
gwwiliig procaaa haa not been followed meehuleally: 
lu tbe nudiinea that divide, dlvtolon to acoompUshed by 
coutinuona aabtneUea of the divisor and tbe determina¬ 
tion when that divisor boa been aubtraded a aulBctoat 
number of timea In tha madiloee on the morkat thto 
dptennbiattan oocurt wbeoever tbe remaindor cUnlnad 
hy the conUnnona enbtraction of the dtvtoor (han the 
dividend becomea negative. That to, It ooenrs Jnot one 
step too tote. Thto necenitates one retracing atop to 
correct tbe error Jnat introduced. The there- 

furv, operate aa (oUowa: 

Sobtiact, subtract conUnuelly until the lemalnder 
hecorow negative, nil to now cue etep too fitr. There¬ 
fore, add ones to corre ct thto tost wrong oabtraetiOB 
and tbio step down ow dedmal (floca, and lapaot the 
prnceM. 

I'd acme auchlnes on the market the operator hu to 
watch to see wbm the remainder wUl baocnM negativn. 
Ib others, nundy, tiw Mi ll ion a ir e, the Branarigg, tha 
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The Birth-Time of the World' 

Methods of Detennining Its Age 
By Prof. J. Joly, Sc.D., F.B.S. 


Qk «iPl Mith'l OfWs V* hk«« BO o«ctaln knowUdcn; 
•WMSvoHiltaaBjdBtotolt.' PoiriUr its (omatum 
«u n OTtel 10 that tlw bsKiiiii^ «u spnsd 

•t* hniwW ss potiodSi We eon onijr tnee the libtory 
bMfe to OtotBia stsbM whM> naj olth ooiuideraUe 
•tolBfaUV be npvM w nihatiiif iB onr iMdofM 

Metwfthtosstttw <nr UtoHBtlaH da dote or tbe Urtl^ 
dne of 0«r teohutoei to» Is tbe most importsat date in 
edsaes. tot in taUng into otur minds the spaolotM 
btstoqr ot the antrsne it most play tbs part of Omo- 
mdtnpoanUaballoiiEOOBMeptioM depend. If we date 

aa did ow foatmmms, we most shape oar ideas of 
pItnetaiT ttam aoeordiiiA^; and the duration of onr 
solar ajrsten, and of tbe hearas, beoomes oompaiable 
with t^ of the dynasties of anoient nationa If in 
ptintima of ysats the sun and stars are proportionately 
ftssmbla. U in htudreds or Uunuadds of miUioDs of 
ysaa tbe bamaa mind most eonsent to eotteqwndlngly 
Tost apoebs (or tbe duration of materiel ohan^ Tbo 
tsologieal age plays the aame part in our views of the 
dtttn^ of the nnivsna as tbe earth's orUtal radius 
doss in onr vlaws of tbe Immeiislty of spaeo. 

A Btndy ot tbo raohs shows ns that the world was not 
atwayswhatitnowisaiidlaiighasboRL WoUvoinan 
epoeh of donndatlon. Tbo rains and (tosts dlsinteKrato 
tbe hObi and tbo riven rail to tbs sea tbs floely divided 
paitioles Into which they have been resolved; ss well si 
the nlu whloh have behn lesehad from them. The 
eedhnente eoUeot near the ooasti ot tbo eontinenU; the 
dleadved matter mingles with the genenl ooean. The 
geolaglst bsa messured end meppod thece depoetta and 
Isneed them baok into the past, layer by layer. He flnda 
them ever the same: —slates, Umestonei, ete. 
Hot one thing la not tbe same. Lijt grows ever lem 
diventfled in oharooter aa the sediments are traced down¬ 
wards. Mamnalia&d birds, reptiles, amphibians, llshas, 
die ont sooeasslvsly in tiie past; and barren ssdlmonts 
ultfauately snoeesd. leaving the first beginnings of Uto 
oadaoIpbersblaL Beneath these barren endimants lie 
reeks eoUreotlvely dtflarlng in eharaeter from theas above; 
mainly voloaiiia or ponrid out from Bsinrea in lbs sady 
erast of tha ssrth. asdbnsnts are seateo among tbass 


Tbare oan bo little doaht that in tUa midarlylng flow 
ot Igneous and metamarpbieneks we have readied those 
aoifaeo materials of the earth whleh eslsted before the 
long opooh of eedfanentotion began, and before the eew 
OHM into botag. They (ormed the floor ot a vaporised 
oeesa apm whioh the waters oondenaed ban and than 
horn the hot and htaVy atmosphen. Booh were tha 
prohaUo oondilionB whloh preeeded the birth-time of 
the nneen and of o« era of life and its evolntion. 

Itlsfrom tUeepoohwedateourgealuglealage. Our 
neort purpose is to oonsider how long ago, measured in 
yeers, that birtb^fane wea. 

Tn MB BT ran raimcMCM or ra* saniiinBra. 

The aerllest reeagniaed method ot arriving at an sstl- 
mate of the eartii’i geidogical age is based upon the 
msasotemnt ot tbo ooUoetlve sodinvniU ot gmlogiasl 
padods, aad oonabta in measaring tbe deptha of eU the 
saseiidvs sedbnntary deposlb where these an best 

dsveleped. The total of these measuiantnta wonld teO 
BS the age tbe earth if thdr tale was Indead eomidete, 
anU we knew the avategi rate at whldi they have been 
depodtad. Thus H U not easy to nuasnre tho real 


tktabBiis of a depodk It may be folded baek upon 
itad(,mdso wenmynMasiinlttwioeovto. Wemay 
saaggirato Its tldUtaiia by measaring it not quita stniidit 
assfto tha or by nnwittiii^ Indndliig voleanlo 

toitarifih On ete Imnd, gwo may be dsposiu 
whkh iM iBiittMibli to m: or. on onttn obMiwo 

<f teotet site beaaiBN not laid do«B fat the sress we 
eWBwhta. er, tt w ten. again washsd Into the sea. 
^tee potteas of mker In part nentrallss one aaolhsr. 
ite XT*" ov igu too kn^i others make it 

oatjMteA. 

4)W wttahi Han, howersr, is a tabl^ io- 

pate itek#Bpnri«ss a gnaii deal of orir knowtsdie 

4'm tM s W d ta dir am.rtratigrBphlltal aoeomulatloas. 

■ ' C(^rirak|tetaeMgoin to knowavmoorate 
dlMteA^tedMten. TMskwallyth. 



Feet. 

BooMitand Pleistooene.4/)Q0 

PHooens.13,000 

Mlooone.14,000 

OBgooene.13,000 

Eooene.30A)0 

-63,000 

Upper Cretaoeous.24,000 

Lower Cretaeeous.30,000 

Jurairia. 8,000 

Trias.17^00 

* -00^00 

Pw pgnlA w .. . ... ..... 12*000 

CWrbontferoui....... . ..20,000 

Devonisn.22,000 

-«3,«t0 

Snurian.16,000 

Ordovician.17,000 

Cambrian. 26,000 

—-68.000 

Koweenawan I. 60,000 

Animlklan I Algunkian. 14,()IK) 

Hiinmlan \.IH.OOO 

-82,000 


Arohman. 7 

Total. 336.000 feet 

weakest link In the nliain. The most diverse resulu 
have been arrivivl at. which siiace dram not permit lu 
to consider. Tbe valuii rrviulnsl is must difiieult to 
detomine, for It is different for the different classes ot 
matwial, and varies from river to river aooonllng to the 
conditions of diachwgo to tho sea. We may prolialily 
take it aa between two and six inches In a century. 

Now the total depth of tbe sediments as we see U 
about 336/)lK) feet (or 04 miles), and If we take the rate 
of ccdleoting as 3 Inohss in a hundred years wo got tho 
time for all to oolleot aa 134 millions of years. If the 
rate be 4 tncbei, tbe time la 100 miUloas of years, whleh 
is the figure Osikie favored, sithough his rceult was 
based on somewhat Cerent data Bollas moot recently 
finds 80 millions ot years.' 

ran MB BT ras mass or tbb bsdimbnvs. 

In the Bbove method we obtain our reeult by tho 
meosaienieiit ot tha hiioar dimensioiis of the sedimenu. 
Tbeae measniementB, bb we have seen, are diffloult to 
arrive at. We may, however, proceed by meeaurements 
ot tha moM of tho Momenta, and then the method he- 
ennws more definite. The new method is pursued as 
foikiwi; 

Tbs total maai of the sedinumU formed sinoo denuda¬ 
tion began may be aaoertained with comparative ac- 
earaey by a it^ of the obemieal onmpoeltlon of tlie 
watsn of the oeeaii. The mlu in tbe ocean are un¬ 
doubtedly derived from the rooks, iDoroasing age by age 
os tha lattar ore degraded from tbeir uriginal eharaeter 
under the nation of tbe weather, etc., and converted to 
the sedimentary font. By (snoparing tbe average 
obemieal eomponition of thw two olassrw of material— 
the primary or ignemit rocks and tbe sedimentary—it 
is easy to oirivs at a knowledge of bow ninch of this nr 
that nonstltnent was givtni to the ocean liy mob ton of 
primary rock whleh wne denuded to tbo sedimentary 
form. This, however, irill not assist us to our objeet 
unloM the oeeu haa retained the salu shed Into it. It 
hasnotgsnenUy doneno. In the ease of every substance 
but oiw only, the ocean oontinnally gives up again mare 
or leH of the salts supplied to it by the rivers. Tbe 
one ewaptlan Is tbs dement sodium. Tbe great solu¬ 
bility of its sulta has protected it from abstraction, and 
■it bou gone on eriketiiig during geolofteal time, praoti- 
edly in ite entirety. This gives us the due to the 
dsnudatiTeUstoiy^ .the earth-* It is the leoret of the 


The pieesm h now rimpla. We estimate by ehemical 

of sodina^ whioh has besn supplied to tbe oeean per 
ton. of sedlnMiit ptoteoed by denudation. We also 
esieokta ths amotmt ot todlam contained in tbe ocean. 
We dlrido the cm into the oth« (stated, of course, in 
the Bune unito of mass), nad tbe duotfamt givse in the 
Bombmef toasof sedfaneat. The most resent eutimate 
of tho itdiiBsata mods In this manner affords 06 x lo*' 


• <MBda TM Bwt Bf Owfcw jaiigsBIs m 
dtUB. l«l«. Ail. WBf. flstaMBbw. 1911. 
<»u*fvJbA 5 .. ifty use. 


BlkBlte, M)ra«BSitaBSMtaUM(iia 


ISOB), TUi. I. p. 7S 
■is (Msnr (Ooo- 

^iwi^«sT un 


Now we ore amnred that all this sediment vras trans¬ 
ported by the riven to tho sea during geologieal time. 
Thus It follows that if we ean estimate tbe average 
annual rate of the river supply of ledlmenta to the oeean 
over the past we ean oaleulato the required age. Now 
the land surface is at present largely eovnrnd with the 
sedimentary rucks themselves, tiedlment derived from 
these rocks must be regarded os, for the moot part, 
purely cyclical; that is, eirmilating from tho tea to the 
land and back sgain. it does not go to increase the groat 
hisly of detrital deposits. We cannot, tberefon, talcs 
the present river supply of sediment si repnsenthig that 
obtaining over the past. If the land was all covered 
stUI with prlnuy rooki we might do so. It has been 
osUmatod that abont 26 per cent of the ezkllng oontinen- 
tal ana is covered with arohean and igneous rocks, tho 
remalniler being sediments.' On this estimate we may 
find valualilc major and minor limiu to the geobigical 
ago If we take 36 per cent only iif tho pnisent river 
supply of sediment, wo evidently fix a major Uinll to the 
age, for it is ix>rtaln that over tho past there mnst have 
Imwii on llio average a faster supply. If we take tbe entire 
river lujiply, on similar masoning we have what is 
undouhttslly a minor limit to the age. 

The river supply of detrital sediment has not been 
very extensively investigated, although the quantltiea 
Involved may )w found with eomparative ease and ac¬ 
curacy. Tile following table emWies tho results ob¬ 
tained tor Boiiu> of llie leading rivers.' 



Wo sue that tho ratio ot the weight of water to the 
weight of transported sedlmont in six out of thn nine 
rivers does not vary wldsly. The mean is 3,780 to 1, 
But this is not the required avenge. The waterriis- 
ebarge of each river has to be taken Into aeeount. It we 
ascribe to the ratio given for each river the weight proper 
to the amonnt of water it dischargee, the proportion of 
weight of water to weight of sediment, for the whole 
quantity of water involved, comes out ■■ 3A30 to 1. 

Now if this propiirtUm holds (or sU the riven g( the 
world—which i»>ll«ollvoly discharge about 27 X 10" 
tounie of water per annum—the rlv«M>oni dotrilus is 
1.07 X 10" tonnes. To this an addition of 11 per eent 
has to be made for silt pushed along tbe river bed.* On 
thrse figures the minor limit to the age comes ont as 47 
miliums of yean, and the major limit as 188 miUions. 
We are here going on rather deficient estimates, the rivOTi 
involved representing only some 6 per iient of the total 
river supply of water to tho oeean. But tho result is 
pniliably nut very far out. 

Wo may arrive at a pruhabln age lying between the 
majorand minor UiuiU. If, first, we take tbo arithmetic 
mean of these limiU, we get 117 mlilions of years. Now 
this Is almost certainly exrussive, for sre here a ssume that 
the rata of oovoring of tho primary rocks by sedhnenta 
vnu uniform. It would not be so however, for the rata 
of supply of sediment must have been continually dimin¬ 
ishing during geologlosl time, and henne sre may take 
It the rate of advanoe of the sedimenU on tbe primary 
roeka has also been diminishing. Tbo avorage rata of 
supply haa therefore been groatar than the DMon rate. 
Nqw we may probably take, as a fair asaumpUon, that 
tbe sediroent-eovered area was at any instant Inerceaing 
at a rate proportionate to thu rata of supply of seilimont; 
that Is, to the area of primary rocks then exposed. On 
this sssomptlon tbo sge is found to bo 87 millions of years, 
rax AUE BT THU SODIUM OF THS OCUAN. 

I have next to lay befwe you a quite different method. 
I have already touohcd upon the ohemisUy of the ocean, 
and on tbe romarkable (act that the sodium oontalned 
in it has beoq preserved, praetioaUy, in its entirety from 
the beginning of geologloal time. 
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'I hen ie littte doubt that the pnmevel ooeu wu b 
the ooiuhtiou of a fredi water lake It ean be ehowa 
that a pnnuuve and nton rapid nlotioD of the onpinal 
oniet of the earth bjr the elowly eooHiig orean would bare 
given nw to relatively email ealinity The faot m the 
quantity of lalti in the ueeanlieiumioim We are only 
now eonoerned with the eodium but if we oonU eztraol 
all the rock lalt (the dilonde of eodium) from the ocean 
we would have enough to cover the entin dry land of 
the earth to a depth of 400 feit It la thla glgantl 
quantity which le gmng b ntor mt nr eatlmate of tb 
earth a agi The calenlatod mana of aodium nonta n d 
In thia rook-aalt la 14 130 million million tonnea 

If now wu ean determine tbo rate at which the nven 
aupply aodium to the oeean wo can determino the age • 
Aa the reault of many thouaanda of nver analyiea the 
total amount of aodium annually d aoharged t the Mean 
by all the nvern of the world la f nd to be prolably 
not far from 17S mllllan tonnea * Divid ng thia into 
the maea of oeeanie aodium wi git the age aa 80 7 
milliona of yearn ( ertain c rroct one have to be ap¬ 
plied to thia Bgure whieh reault in raiauig it to a little 
over 00 milU ua f yearn By th a method Hollaa geta 
the age aa between 80 and loO null na of yeara My 
own reault waa between HO ai 1 00 i U ona of yeara 
but I aubeequently fiund that upon eertam eKtram 
amunqitiont a maximum age might be arrived at of 106 
mmio na of yoara > Clark r garda the 80 7 miUloni 
of yearn ag oertalnly a maxunum m the light of eertam 
ealeulabons by Beaker * 

The order of mignltude of tbeee neulte eaanot be 
ihakan nnlem on U e aaxumptwn that there u aomethiiif 
entirely mialeadiiig m the exutiiig rate of eolvent do- 
nndattoB On the atrength of the renilta of anothor and 
entirely diSerent method of approaehiiig the queetlon 
of the earth a age (whieh ahall be pneently referred to) 
It hae been eontended that It li too low It ie even 
amwted that it la from nine to foorteen tlmm too low 
We have then to ooniider whether euoh an aoMinaiii 

invdvad ean not be earionily impugned Camouoiif 
for pomilria atrara appUad to the qiuabtiee entering 
Into thia method have bean eonaidend by varloua wrltem 
My own original oorreettona have been generally oon 
Urmad I think the only pomt left open fur diaouaalon 
U Iha ptinmpU of umformitananiam Involved in thia 
method and in the mathoda prevunialy diaenaaed 

la order to appnmate the foiea of the avidenoe for 
uniformity m the gaologHal hiatorv of the earth It b 
ofeoutea neeaaauy to poeieaa aa aoquaintaiim with that 
hbtocy Borne of the moet eminent geologiBta among 
whom Lyle and OeiUe* may be mentioned have upheld 
thadoetrineof imiformity It muat hen eufBee to dwell 
upon a few pointe bavug ipeeial leferenee to the mattar 
under dbeundon 

TIm men extant of the land cuifaoe doee not withm 
Umita aflaot the queation of the rate of deniidetwn 
Thia arbee from tha taet that the rain eupply b quite 
uunfBoient to denude tha whida exuthig land ■nrCaee 
About 80 per oant of it doee not ra faet drain to the 
oeeaa If the eontlnenta beoome Invaded by a great 
tnnagnaakin of tha oeean tbie ralnlem area dimm 
Hhaa and the denuded ana advaneea mward without 
diininutiai If the oeean rooedea from the pte m atitnmd 
Unea the tainlaM area advaneea outward but the 
ram mpply beug teniibly eonetant no ohange in the 
river enpply of nib la to be expeeted 

Age4^ gubmergwiM of the entire land or of any 
very large proportion of what now enab b negatived 
by the oontmuone eequenoe of vaet ame of eadimant 
m every geokigieal age from the earlbat thnn Now 
eedmumt-reeaiving arrai alwaye an but a «m«ii fnetion 


The miiniraiBnli n a uMbr o( faot ua ImptaaUoaUe Tlw 
•aHatty wiHild oab lib (H aO cauliml b loluiJoa) ooa Ddmooth 
parttalOUxM aad ofoMaaa IbaoiatfnuoailaiaMiQaofalii 
bj «ba oenn would bvalMaw Iba BMtbod Tba bM obleetloa 
iln bvaMabi Iba oalnnlnlon by T MdUanl Bada IProc 
tM * ">aar BaH b iba b j tba cal 

to nia whn varklBd ouTiBy papw wn*I 

tblnk only bniiiybl to Ufbt b leoe 
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of tboaa axpoaed areoa whenea the aadhueub an ehp* 
plbd» Heaoa In the oonllniMn meerdi df the wdb 
menb wa have aanranoe of tha oeutiBnoue aepoa un 
of the oontuienb above the oeean anrfoae The doetrine 
of the pennaneney of the eontla«ib hae m ita main 
featurea been aooepted by the moat eminent authoil- 
tiea Aa to tha aatnal amont of land iMdh waa as 
poaed duniig peat tamn to daoudaiiva ailaeb no data 
nxMt to ahow it waa vary dtflarant from what ii now 
xpt aed It hae been eethnated diat the avenge area 
of tl North Amarieaa eontment ov« geologb time 
w a about elght-tantha of lb exiatiiig amt ‘ Reikm- 
t ona of other oontliieBb m far aa they have bean at- 
tempted would notanggeatany monienonedlvariemy 
one way or the otiiir 

That elim ato In the oeaani and upon the land waa 
tbrougbout mueh aa It b now the oontinuotts diam of 
teenung life and the eenaitive ten^ietatan Umib of 
protoplnifflio tautooM an aufltolent evutonee >’ The m 
flnenoe at onoe of ehmato aad of Ovation of the bad 
may he appmied at their trne value by the aaeertatnad 
faeb of iolvent denudation ai the following taUe ihoWi 



In thia (abb the eatunatod number of tonnee of mattar 
in eolntton whieh for every aquare mib of area the nv» 
convey to the ocean m one ytar la given in the hnt 
column Theee leeulb an oonv&ad by Clarke from a 
very large number of tmalyiee of river watan The 
leoond colnnm of the tabb givea the mean heighb ae 
matera abova eaa level of the aevoral eontlneiib m 
mted by ARheniua * 

Of all the denndabon renilb given in the toble thoee 
relatiiig to North Amerloa and to Enrope an for the moet 
nhaUe Thaaa ahow that Enrope with a mean altltnda 
of baa than half that of North Amerloa abada to tha 
ooaan 36 per eent more laib Henoe if it b true aa haa 
bematatad that we now live k a period of exaapttonally 
highoontmenUldevaBon we mint infer that the avenge 
aupidy of mlb to the ocean by the riven of the world 
b bea than ovor the kmg paat and that thmefon oar 
eatimate of the age of the earth aa already given b 

Then b however one eondiUon whieh wiH operate 
to nnduly dhnliibh our ertlmate of geologic tline and it 
u a oondittou wbloh may poiabty obtain at the preaeot 
time If the land b on tha wb<da now nnlang relatively 
to theoooaalevel the danndaUonarea tanda aawehave 
•een to move Ingrardi It will thna enoroaoh upon 
ngniii whieh have not for tong penoda drained to tha 
oeean Onniohtnaatbenbanaoeumnlationaf aolnbb 
mlb whtoh the deftoieat nven have not been aide to 
eerry to the ooean Thua tiia lalt oontont of eevbin 
of the riven dtauuag to tha oeean will be Infloeneed 
not only by p r eee n t dsnudatave effeob bnt abo by the 
itond niulb of paat efleeb Certain riven ajqiear 
to nvenl thb undidy increnaed aalt lupply thoae whbh 
flow through oomparatively and areaa However th 
ftow-oir of euah tnbnbnea is reiatively imall and tha 
Anal eSeob on the great nven apperently u n i m port a nt 
—a remit wlnah mi^t have been utMipabd when the 
extremely dow rata of the land movamenb b taken 
kto Boeount 

Tha dUBoulty of effecting any recoi wilh ao n of tha 
methoda already doaolbed and that now to be given m 
uteeauk the uteceto both of (he farmer and the kttar 
na aoB bt aaoioAcnva TaaiiaroBiianon 

Butheefonl raoeited m 1905 that aa beiinm ww eon 
tmually bemg avolvod at a umfonn rata by indtoaotive 
wbetoneee (k the form of tha alpha layt) a detotmlnar 
tion of tha age of ramerab containing tha ndtoaedve 
etemanU might be made by roeaauremeato ct tha amount 
of tha atated hahum aad of ke radtoaetive elamenb 
glvkg fim to It The parent radtoaetive nhetaiim to 
-aeeordiiig to prem n t kaowtodge—nrenkm or thonum. 
An ertimato of the amounb of theee ebmento priiiiit 
enahlee the rate of produotua of the bebnm to be eebu 
lated RuUwford ihortly aftorwarde found by tki 
method aa age of 940 miDiou of yean for a radtoaetive 
rniMral of pceaumably imnote age tentt who eanlad 
hie meeenrenenb to a wmubrful degna of peflnamaat 
found the followiai agw for mkenl mbetapece ocigi* 
nataag m dtfforeat g e o toglia l igee 

OligDoene 84 mllliawofyean. 

Koeene 31 

Lower Ctrbomfnmua 160 

AnhMB 710 

Another produet uf nAoaebveongk b lead Tin 


mnttUem thb phtoihNIi idMl* RiwAalHi 

to dtkamlai the aga e< M e^ km eriptakkl HVk 
amAaM Wean a* ImateemniA that trie efodmrt 
euBolmeivtby gaeeooidnmfokbma mtatklt. 
Boltwood ■ tmadto at tha ameunti ef lead amrihM ri 
ri vuiona««, kkoikc^egetfoaifW 

forded agee ifeog to 1640 mdHona of yean fat Aiehoaa 
aadiaoOmflUiiBifar AlyoiilaaBbmt Beekir qipiykf 
tha lama method obkked twkto ffaki to qufk k- 
wedible perloda frbm 1671 to 11470 rnment dt yteka. 

mk ab on e indeflnlta. The mom naaat tiOitb of Mir 
A Holmae mpport the eoDekdoB that otfikal bad 
may be pceteat aad may eo m pl a tely fotalfr ramlte da> 
riviri from mkemb of low ladtoaotivity k whieh tiie 
denvad lead would be mull k amount iBr kieeriiig 
eueh nmlb aa ^ipearad to be of thb ehaaobr be 
arrivea at 370 milUene of yeen aa the age of tha Daveataa, 
I nmat now daaeitbe a very neeat mathod of ei(^ 
mating tha aga of tba earth Them are koertak neb- 
fwmiaf rmnenb eoloPHihaiiim eat np by itdloaellya 
efteete The mkute and ennona marin ao pmdaeed 
am known aa haloea for they annuund k angdihn 
fmu mnmU partbiee of keltidad euheteneee whMi 
eontain radhuetlve elemanb ThapartMektbeeeater 
ofthehatoeontakaiiraahimortlMttnm aad neeeamQy 
along with the parent mbetanea the varloua rimeute 
derived from It Inthapmeeaeof traniformatioaglvkg 
rue to theee leveral derived eubetueef atama of hallnm, 
projeetad with gnat vakulty kto the ranoiiiidiiig 
muieml-^the alpha nye—ooaarion the ootor eheagee 
referred to Theee ohimgee am limited to the dbtaaoe 
to wkeh the alpha rayi peaetmte hanae the halo b a 
iphenaal votoms eunoaiiding the oeatnl eubetaaM >' 
The time required to form a halo ean be found if on 
the one head we could Moertak ke number of alpha 
rayiajeetedk nv one year from the undeue of the h^ 
aad on the other if we determine by iwperinweit Jnet 
how many alpha nyi wem leqabed to prodnoe the MUM 
amount of ootor ahoratton ae we peroelve to extend 
around the nnolena 

The lattm eatimate b fairly aadly aad inniy made 
But to know the number of taya leaving tha ooatral 
partiab k unit time we lequua to know the quaatity 
of radioaodve matarial m tha nneleM nua eaanot be 
directly determined We ean only from known renilti 
obtained whh laiger ■peeuneae of Jnrt eneh a mhuml 
■ubrtaiine ae compoieB the nuetona gnam at the amount 
ofuranium or it may be thanum which may be preeent 
Thu mathod hae been applied to the unalnm hatoea 
of the mioa of County Oerikrw •* Reenlte for the aga 
of the halo of from 90 to 400 milhona ol yean have been 
obtained Thb miea waa probably formed k the gtaidte 
of leiaeter k late Bilunan or m Dovonian tmue 
The Ugber teeulb am probaUy the beat k error 
upon the data kvdved tor ka aaniiqidmi made ea to 
the amount of umiunm in the nuolei the hetoae waa 
euoh ae to render the higher renlta the mom reUeUe 
Thu method b of eoune a radioahtive method aad 
nmilar to the method by heOnm itonge lave that it b 
free of the rbk of error by eeeape of the befanm the 
effeotaof whMI am aattwem nguterad at the Bwmwt 
of lb pcodnotKw eo that lU inbaeqiient aaeape u of no 


By methoda baaed on tha appranmate nnifamilty 
of deandative afteob m the peat, a period of the order 
of too nriOioM of yewi hae been obtahud aa (he dam- 
twB of our geotogkul age aad eonautantly wbaihic wa 
aoeept for nuararemant the aadmuato or tha dbaolved 
eodium We ean give rmeone why thaae maaeuremento 
mi^ afford too gnat an age bnt weeanEndahaelutely 
no good MUOB they ihonld give OM maeh toe lew 
^ the rtoage of radtoaetive prodneb agte have bem 

yet olalm to pomew aaeumey m tfatir mpvkt hmlti 
mi mad thorn derived bom datmdatlcii foom ake to 

In thb ddSenlty let ne eMaidar tha elaime of the 
ndtoaettve mathod k any of Ik toma koidartoba 
(rutwurtliyitmiukbakua aitbatflqmkolttaaa- 
formathm neiw ihown by tha partni Btibgknm bM oik' 
kmadthmughoutkaebibupaBt oad^ftattkm 
warn ao othm mdStubm au b ak wi ii , Mm wow or 
totpufiy wdatiiig maapl ukrium, wUeli gam iim to 
bad Aa tegudi maUkdi btood at tha Ifeodnetlki ef 
hrifaat whaAwphatotoaaytriBlmgiyapplytotoalop 
H Boma tahaown gmraa of kam elantUi aaM»«k of 
eaurm oi qnr amamptlen owmibtMe tha Mgb 
A«fkp«dithafintpek» l»iam<bkg>>i— 
of ohMit to tlM pafM kbaknan-wiiritlil^^ 
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M«tv. Ik* mM «k a«j IM aMadiiic at 

It ii lBBoa|ilM b » 

fMrtbr wUfeh OMy b* wr bwortHt tiie miWb of 

->4 to tt»t of the eteoadaiT elemeata irith 

^trWfh we ooaoen thwn ▲ eeawfeoae m their reto 
«f t w i btorme tioB ie not napoMiUe or ev« IminfaeUe 

■ebrae wekBow 

Aieaiwda the neond pout It n aamoed that nmn 
bn RtiMi of the ebmeiite b imdioeetive ounenb u 


Beewt edvueei b the ebonietiy at the ndioertave 
ihiWMb have boo^t oat evidetiee that aQ three Ibei 
of ladicwetiTe deeeaat known to oe—i e tboae begmiiuic 
arlA OMniA, with thocbm and with eotuuiun—ahin 
OMfeiie to lead B There en (fafkiiiaea b the way of 
baHerbg that tB the Uadhke alomi ao produeed ( uo- 
tawak” of lead, aa Mr Boddy propoaet to call them) 
aetadly ranain ae ataUa Uad b the miurab For 
one Umig thtoa u aomeUmea alone with vary large 
aawimb of thorbn aa ahnoet entue abaanee of lead 
b IhoRaattaa and thoritaa And b acme uraao-thontaa 
the lead bay be notieed to toQow the araaium in ap- 
prautata pnporUonaUtjr notwithatanding the preaenoe 
of laaga anonata of Umbm " Thia bvoti the aaaump- 
tloBt|hat aUthaUadpceaentindenvedftomtheuruium 
The aatbtam la pceaent in negligibly amall amonnta 
'■i» aoddye Ctoatowa ef Urn i la W ia t toi giiMitu (U^ 
awaa Oma A mwtas* 

■ or thflrtew Iwda e ntM e ewi otomeaUr IdmllBal 



On the other hand then la endense ariamg from the 
atomie weight of lead wbeh leemi to involve aome other 
parent than uranium Mr Soddy m the work mfi rred 
to pointa thia out Phe atomio weight of radium ii 
wen known and lunnium m ita dement baa to ehangi 
to thia element The loan of maaa b tween radium and 
arannun-derlved load ean be amnirately taUmalod by 
the number of alpha raye given off From this we get 
the atomie weight of unnium-denved lead at oloeely 
208 Now the beet determinatiani of the atomie weight 
of normal lead aamgn ti thia ilemont an aUmu wi ght 
(ff eloady 207 By a aomewhat aunilar oabubtiun it la 
deduced that thonnin-denved lead would poaaeaa the 
atomie weight of 208 Thua normal lead might be an 
•dmuiure of uranium and thonum-denvod had How 
evnr aa we have a<en the view that thorium givee rue 
to atable lead la beut with aome diflloultaea 

If we ate going upon rdiabU fat ta and flguree we must 
then i ii ui n a (e) That aome other element than uran 
inm and gmietieally oonneoted with it (probably ae 
parmt subetanea) gives rue or formerly gave rue to 
lead of heavier ate mie weight than nonnal lead It may 
be obemed reepeeting thu theory that there u some 
■upport f v the view that a parent aubatanoe both to 
uranium and thorium haa exuted or possibly exuts 
The evideoM u found in the pmportlonahtv frequently 
obeerved between the amounta of thorium and uranium 
in tha primary rooks ■ Or (k) We may meet the dif 
floultna m a simpler way whuh may be stated aa fol 
bws If we assume that all lead u den ved from uranium 
and at the same tune reuignUe that lead la not perfoetly 
homogoneoiu in atomie wiight we must of neteesily 
aaonbe ii uranium a anmlar want of himogeneity 
heavy atoms at urani im giving nse to heavy atoms of 

■ Oompare ronilu tor itaa tbortum naitaot of auoh radu (ap¬ 
pearing la a paper by the antnw Om* M dS BUMotU H t 
JUMriritf vol 1 ISIO p ITS) and Uwao hr U» radtnm raeUnt 
aa ooUaetod in PM Uai OeMier IPU p MT 


lead and light afamu of uranium generwtbg atoffli of 
lead Thle aeaaaqitum neemi to be mvolved b be 
flguroi upon which we an gomg Btiii relying on theee 
figures we find however that exutmg unnuim eannot 
give net to lead of normal atomie wevht We can only 
ooniludi that the heavier atoms of uranium have dM 
cayed mors rapidly than the lighter ones In thu eon 
neetiun it Is of mtmnet to note the eompleaty of uramum 
as nxently eatabluhed by Oeiger although b this ease 
it IB ass imed that the shorter hvod isotope is genetioally 
M nnootod witli thu I mgnr-lived and largely prepondei^ 
aUngconstituint Ibre duLS not seem to be any direot 
proof of thu aa yet however 

From these oatuidentions it would seem that nnless 
the atoinu weight if lead in luanuutes ete ie sol^ 
normal the fonnor oumplexity and more aooelecatod 
decay of uranium ere mvolved in the data ratpeeting 
the atomie weights of radium and lead and the ladw- 
activo events wbib ooonr in the transmutation ef the 
one into the otlier As an alternative view we may 
asBume ae in our first hypotheiu that some ekanentaliy 
different but genetioally eonneeted aubstuice deeaybc 
along branohmg lines of deeoent at a rate suSeient to 
PTmoUoally ranove the wbob of it during geobgleal 
Ume formerly esuted Wbichever hypotheeu we adopt 
we are confronted by ptobebbues wUeb bvebdate tlme- 
meMutemenU baaed on the lead and hriinm ratb b 
minereli We have in ihort grave reason to question 
the mtasure of unifonmtenenum postulated m finding 
the age by any of the known at preeent radioaotiTe 
methods 

That we have muob to learn reepeetmg our eHump- 
tioiu whether we purane the geolagieal or tha indio- 
■otive methods of approaohmg the sge of our eta Is 
in leed probable Whatever the laane it u eertab that 
Ihi tw oneibng faota will leave us with mueh more U^t 
than we at present poesoss etther is nepeeU the earth s 
hutory or the hutory of the radioaotive ekments 


Sea-Salt and Geologic Time* 

A Di&cussion of Prof. Joly’s Method of Determining the Age of the World 
By H S Shelton. B Sc 


Tiu preeeat sbiort artiob u a reversion to an aspect 
of the subject of geologia tune whioh 1 had thought to be 
settled and to lequn no farther lUManh or oontnversy 
In my review of Mf HobMa shook I aammentod strong 
ty an bs Igiwniiiee of ounent btantuie I now find 
that the same Imperfeet ■equamtanee with reient dis- 
ottsrion and ratotfoh u shond by the writer who u 
reqwniible for putting forward the amount of sodinm 
b the aia as an indn of gecdogw time 1 assume of 
eourie that igneiaiioe la the euplanatuna for I take it 
that no man of sabnoe of reoegnlied pontion when the 
mrm of his research had been pouted out would de- 
Ubmatsly Ignore the taot and prooeed as if hu work 
was a valid oontnbntioa to tha edveaewnimt of solenae 
My esouMi tiunfoie tor wnUng on artHle oontabbg 
nothmg mabnal wbob 1 have not previouily publubad 
is tha foUowmg ptmuge for whioh Bir Ernest Ruther 
ford and FMf Joly are jointly reqioiulble 

But It ■ owtam that if tha higher valuos to found 
aiw roHaM tho dbotepanoy with eatunatee cf the age 
of tha ooean baeed on the now wdUeeertvned faite 
at rnUm denudation nbea dlfloiiltNa wbob at pieaent 
■MB iMKpttflaUa ' 

Tha vahiet of gaobgu limt referred to baeed on 
ludbaotivi mthodi Mpeaudly the ago of ^eoobroM 
haloes. Xpkopoat to ontMia on a future oooashm There 
IN food girati^ wUoh amuot be abted here for 
thbU^ that iB nttempb to oaaeM eiaet tbias tor 
IWtIopte fodogia opoeb* hy eabobtun etther of tha 
bad, i^ba of nmubm flobmls or othwwbe are premap 
tgnsi SM «• based on on impsrfeob leohiatloa of the 
oenqdsnttiF of the shbisot The oh]«ri of the prseent 
to toiapaat^ tto MgnsMnb eAkh show 
that tU ittssnatlVn method beasd on the salb«mtnit 
dt^nospnlioffio Vtfattiri»ttnr Not only m the 
dfMidhimoy not boqdknUa, thors to no duerepeaey to 
OBtoln. Eo amah dd 1 bka thb for gmatod that, w 
toy M •rtUto te tho MhleM • 1 did not think it neesM 
tog to gy 



facts (1) that u ruujddy esbmated by Bir J ihn Murray 
of the s^d mattw diasolved u nver water which reoohM 
Uw sea 347 per oent is sodbm (3) that nearly sh thu 
hypothetMol sodium to obtained by eroaon of tha rooks 
(3) that whan tbs hypothetooat sodium leaobes tha sea 
none of it returns to the rooks On thu suppoeltion 
dividing the amount of sodium m the sea by the amount 
whioh leaebae It eooh year an esUmato of geologio time 
eould be made The objaouon to briefly that the three 
suppoeed foots are merky supposed foots No angle 
one of them u rehabe 

For oonvenienoo we will take the second point first 
Of the sodium whioh eotuaily reeobes the sea a ooueider 
able proportion u assocut^ with ohlonne None of 
the s^um ihloride m the nvse can be altnluted to 
eronon This is so for two reasons In the first baco 
it u well known that the proporlion of ehlonne in the 
rocks Igneous or sedimentary u inflnitwnmal In 
tho leoond plaoe the souroea of the ehbnne have been 
thoroughly well determined In the mam they ire two 
oyriw salt carried by the wind from the sea and salt 
due to human oontauinatlon It has been found pom 
Ue partisutoily in New Torti State to wIiTniiiato the 
ouelto salt the amonnt of which ie a fmration of the 
dlitanoe from tha mwt and to show that the reudual 
ehlonne b nver water la a direct fonetion of denrity iff 
popabtwn Untoes you take the sewage from town 
and eountry dutnots direetly out to sea the salt u it 
inevitably rosobei the ritert If you obtiu an abuor 
msUy UWh ebbrine ratw wban the sowag^ u suppoeed 
to be earned out to asa tbe uftrenee u leahags Tbe 
soune whieh would natuieUy oeeur to any one brtne- 
sprbgs bas beau shown to be netfigibe Even b New 
York State whase brba-spnaga are {dsntffnl there Is 
no appreoiabb efleot on tbe salt oontent iff the riven • 
Tha only known meeas by wbob fieih ohlorine reaohei 
UMaaauvntoMileaotMa andituepomtopentodupnte 
bow mooh of the vuieoiifo bdonne u not nltunately 
denved hoffl the sea. UfoDowi therefore that iff the 
sodium whbh aetuolly reeebes Oie see only that not 
assoob te d with Uw cUotba eon be oonnted 
Thto mneh Prof Joly end tiioae who agree with hu 
earlieresUmatohavfbemwiUbgtosdmlt ButPnff July 
msmtains that if tbe oblorbe eqnivelent of tbe sodium 
be subittaotsd Umu is stQl suffietent sodium to neoesM 
tats an ettibate of gedogM time less than IfiO milbons 
otyaan. Uiohia tojnsrUybrJohnMtimysrough 


tel ulatuu of then ouirrat snalysaa and some more rseent 
results It dues ssem strange however that Frtff Joly 
nover troubled to inquire wbethsr tbete w«re any water 
analyses suSoiently seourato for this pnrpoM It to 
highly probaUe that Prof Joly s onginal p^m would 
never have been wntten if he hod undarrtood why water 
■nnlysee are undertaken end the manner b wbMi tb«y 
are eotuelly performsd Had he been a water analyst 
or even a obemut tbe first thing that wonU have oo> 
mured to hun would have been that theae todram 
determinations were decidedly hypotbetieal Bevaal 
ohemuts bare expresaod doubti sa to Uie vaUdHy bat 
fueb diKUSiioiu Pnff Jiffy has eltbar ignored or tsded 
to understand' It may tbetefore surprise Prof Joly 
to bo ufformed tbat it u doubtful whether the sodium 
oontent of any sinirie river water has evsr been eeeuratoly 
determinad If any sueh easee have ooenmd, they art 
veryfew Let us unogme that there u magivensempb 
of nver water two parte of lodiaffl per miUum. Snob 
a proportion would I e quite ordinary sMordug to the 
usual tables It would be a very mteratuig problem 
to try to separate this out and weigh it To oblam a 
good wm^iable quantity (say 006 gram of sodium givug 
about 0 16 gram of sodium subhate*) would require 
26 liters of water the greater part of a oarboy and the 
diiltonltMB b the wav of uolmUiig It are such ae any 
ohemist ean understand 

As a matter of fat t tbe aoourate detenninatmn of the 
■odium u a form iff amusement u whwh the ordinary 
smter anslysU do not indulge fiometimae the alkalis 
■odium and potamuim are detemuned together by dif 
ferenee that is not datennbed at all In a paper' that 
has been sent to me recently the analyst dMonbes his 
methods In tbs ease eveiytiung pomible is got nd 
of by the usual math ids of prempitatoon and the re¬ 
mainder IS evapoiatod and weighed ss Hodium and 
Potassium Chlorides Thi amount deolt with is only 
that from 380 oubio eontunetem of filtered water and 
would of oouree be infinitesimal and the fact that it 
amounts to not more than 2 or 3 per ent of the total 
dliodvod solid is a good bdwatlim of the general ae* 


Bm pwUoutariy dlradoa vltt Mr Aonnm. OSwrinsI Nmn 
loot sad P W Otaike Dos at OmtomUry p 110 



















SCIENTinCAMERICMfSUFFUIIENTtfe»M ' 


Recent Si>?nificant Developments in Science and Engineering* 

A Review and Explanation of the Most Important Advances 


I HI falluwlug IrKI u ten dciH.rll l Mbit mmu to be 
tbi m Bt BlgiilU unt diTulopiu<>utB lu BevonI of tba 
H lenipM liid I randies of euflDOerlug fbe Bnbjacta 
H Iced I and tbe oiaterlnl used In tlie deacitptljn art 
lue lu larloui profeaaoni In Comtll Unlaenllr all of 
uboni Die uutbHilles lu tbo aavaral llalda toneliad opoo 
ru\i[La 

T Maw Md OryntaUiHt Mrmtvrr—One of tbe moat 
liilereatlnit dcveloi iiieiita In modtrn phyalea la tba re- 
ciiit dlacurirr Ibat Kwntgeu inya cau be reflected and 
dlffraited bj meaiw if cryatali Aa au Iminedlate re- 
ault ut tbla dlaoDienr not only baa tbo true nature 
uf Xreya tbemaelrea been learned but adentlata bare 
been able to explore tbe Inner atructnre of cryatala, 
Icamlnx the arrangement of and meeaurlng tbe dia 
tance between the atnun of ivblcb they are buUt It 
Men neema aa tbuusb we may be able ro luvbe itlll 
deeper br this ineai« and to And out bow tba atoma 
tbamaelvaa are nude 

B'ran tbe large amount of expeibueutal evideu c 
obtabud In tbe loot two yeata we bare every reoaon 
to believe tbat \ raya are eleetromagnatic waves of 
extremely abort wave iMgth about ten tbonaand tlmea 
amallar tban tboea of oidinary vlalbla radlatloa To 
meeanre tbaee wave-Ungttaa In tbe uanal manner ty 
means of a mied diffraction grating was ibenftna 
out of tbe question It occurred to Laue that In the 
regular amngemMit of atoms In a ciyetal we have 
gratings whose lines ere rutarelly ruled so doeely 
that tbetr dletances are of tbe eaioe order of mignl 
tilde u tbe weve-Iengtha of X raya Messrs Frledrtcta 
and Knlppbig triad tiu experlmeat of paoalng a floe 
beam of Xraya tbrough a eryital of sine blende a 
abort dlitance behind a bleb woe placed a pbotograpblc 
plate Upon developing tbe negative they found a re- 
miffcable group of opoti arranged symmetrically about 
tba central hnogSL 

Bat witbln tbe past year atltl mim Intereetlng re- 
enlte bars barn obtained by Irof W R Bragg and 
his eon W L Bragg* wbo have used this method to 
determine tbe structure of crystals Mr W U Bragg 
expUmsd stab spot on tbe pbotographs u being dus 
to tbe regular reflectlMi of tbe beam of Xrays from 
B idans In tbe cryatal which Is aquclally rich la 
atoms liras for tpstanoe if tbe atoms are arranged 
In the twm of a cnbliol lattice work tbs rays would 
be partially reflected from planes whteb oootaln e rels 
thsly laifs number of etam 

Hh detvoge fkce of e crystal b very rich In atoms 
so to test Us explanation Mr Bria allowed t beam 
of X raya to fall on a cleavage twa of a cryatal and 
found as be had predicted that to Idogs waa pro- 
doeed on tbe photographic piste et tbo angb of re¬ 
flection But be noticed that ae the ingb of Incidence 
aria changed there were certain angles at wUd tbs 
teflectlon wss exceptloneUy strong Tl|ag| fmnltloag of 
strong reflsctlim could be explelned In only one way 
aa real epectrun lines In tbe X mye-mdbtloo of deflnitc 
wave length ThIe explenatlon led et once to a ded 
nils knowltdge of tbe nature of X rtys 

Wbmi in X ray pube itrlkea tba claavoge f«ce of a 
ayetal at a dednite angla a part of It b rafleetod by 
each layer of stoms It tbe angle b of tbe proper 
value as datermlosd by the wave length rf tbe truhi 
nr wnvM and by the dlstmicc betw<>en tbe layefi (d 
iitonif than tbe reflected pulses will reinforce eacb otbw 
and piodwe aji eopeclally strong image Ibb wee 
Rtudlcd by meana of an apparatiu In wUcb the In 
tcnaltv of a reflected beam conld be nude to set on 
an electroBcopr wbose deflection wee meaanted by 
microacope 

At this tima no one knew whether It was tbe nnle- 
eulae or the Indtildnal atoms which did tbe reflectlog 
Wbatever tbe reflerting centers were however there 
was now a mesi s nt flndliig out bow tluy wmre ar¬ 
ranged In tbe rryHloJ Mr Bragg Inuglnsd a nomber 
of diffamit arrangomenta of theea centera, and on 
the theory tbet cnb sput In Friedrich and Knlpptaig’a 
pbotograpba wee s partial rcflertloH of tiu primary 
beam bv aome pbne rich In atoma be ealcuhted wtawn 
tbe eiwta abonld le found for each arranganunt It 
wsa fonnd that nothing hot a olmpb odilcal dmlgn 
«Msy Jmmal of~Bniita»erbv 

•Prof W H Bnu FRB Irefnaor of Ptayriei and Hstba 
nuUn at boedi Tlslvunlty Hi gtand save a epBetol leetiM ea 
X rare Cryrtallliii- Strertors baton Coratil Calvertity 
on PmelbH Sne 1«14 naesr the tnsglen at the fligna XI 
Kodety The above trtirle li ■ brief abetnet of this leetm 
For awn dctalM iBfarnullon on coaMbsttoBi by Prof W 
H BrBfg BBd W L. Brtf* lo tba Ptob Sob tt pp t4t 
xei (leil) aod mutt nwot oBbaoqawit tnltloi. 


could uccoont satlMsctorlly tot tba epota obtabud 
with imh cyyeuia as aelt, potaeslnm chloride etc Ihua 
we find that In e irystal of rock salt tbe sodium and 
chloilur atoma are urtangsd In tbe form of a cnbical 
lattice wotk with chlorine and sodlmu atoms iltnatad 
lu alternate cumere of the cubes so that fOr example 
tin aodlum atom baa oix neighboring chlorine ehmu 
niually close with which It might pair off to form a 
mdecale of Nad It woa calculated tiut with this 
erraiigmneut tbs dlstanoe betwoun atoma wai e trifle 
over one hundredth milllunUi of an Inch It li Intar 
eating to note that In Uila urrautameut tbare le no 
evldouce that tba atoma are combined Into motocnlas 
A aodlum atom Is no mon closely connectad with one 
particular chlorine atom tban with any otbor 
lu much tba oama way Prof W H Bragg has de- 
tirmlned tbe atroctuie of tbe diamond In tbla case 
tbe atoma ara alt of tiu lanu kind—carbon lacfa 
atom may ba tbooght of aa bound to four other atoimA 
airanged at tbe cenure of a tetrabednm. Tbla la In 
accord with tiu fact tbat carbon baa tour obemlcal 
bondi and la In good agraaffient with tba itmct nr e 
of the diamond oa determlnad by the methods of 
«ryatallograpby 

We are gelting a glimpee, as It were Into tba tnnn 
most itnature of tbe molaanles and are learning dally 
more and mora about tba mannar In which tbolr eon 
at tuent atoma are bound together 
Bloohioat RtMumtoi ea Bffaoted bp Veip Low /eat- 
prroteiM—Tbe recat experiments peifOn^ by Prof 
H Kamerllngh Ouua at tba Leiden Physical Labo¬ 
ratory on tbe electrical realstance of metaii at low 
temperatures have exdtsd wide interest dne to the un 
oxpected resulte obtained. For this work Prof Ouma 
lioa at bla command aqolimuut wblcb onablaa him to 
obtain tamperature witbln IT deg OenLofabaolnteseco 
and he can nulnialn tiuse tamperatuiea for oonsld 
arable periods of time. Ha has been etudylni for 
• me time tbe eleotrical pnpertlei of motala at low 
tomparaturee, and tbe following it a brief outline of 
tbe rsenlta of tbe work ea fat aa rvortad 
It is well known that tbe reslatance of a metal varlee 
ao as to bo ipproxlmately proportional to tbe ebeointe 
temperetore It le found, however that at low tam 
peraturoB slight amounts of impurities cause devtatlsB 
from tbli law Cooling an extrumeiy pnru lainple of 
mercury Prof Omwt dlaoovartd that at a taotperetore 
of about 42 deg Cant aboim sbaolnte esro tbe resist¬ 
ance eoddenly became too trosll to be mssaored Just 
before tbie ebangn oeenrred tbe teelstuce was 0008 
of tbe rceietonce at the mdtlng point At tble tern 
penture tbe reelatancs became lem than 0000001 
tbat realetanoe BInce, be bae brand tbe some pbe- 
iHimens In lead and tin In lend the change occurs 
at about 01 deg Cent end In ttai at 88 dag Cent 
above ebaoluts aero' Below tbeae olttcal tonpera 
tuns tbe metel aecnu to have no dectrlca] reslatance 
and Prof Omus deecrlbea tbla state by the tern 
supracoaductlve flu temperatiire at wblcb e con 
doctor beoonue eupvacundDcUve Is not tbe seme for 
all values of <arrent but is lower for larger oarrsnts 
The resistance le tberafon dependent upon the coRsiit 
and Ohms Inw no longsr bolds Otiur peenllarltias 
of a soiuaoaiidactDr aio worthy of mention elaco the 
reolstiuiee le Immeteonibly email Ours la neltbsr any 
potential drop In tbo supneondnetor nor la any beat 


ernsasB at a rate wbldi depends upon tiu eeU iDdneUmi 
end leelataiNa ef tba dreuit Tbe current ceanot be- 
ooma aero until all tbe eowgy which Is stored la Its 
magaetie flaM haa basn tranaferred Into bast by tin 
reoMuca. Hu Isaftb of tlnu for wblcb eneb a 
currant bea a maanreble volae Is axtranely abort la 
most casen U, hawavar, tiu rsaliunee of tbe otmit 
Is mode very bbmU, tiu current will ba maintained 
longer before Iti eotofy le traaefonnad and we lalgM 
Imagine the Umltiag eaas wb«e the teatataiDce was aan 
and tbs eoRsat eeattaMd to flow, reqatriag no gn 
orator to malntata tb b ee nnae It waa expendliig aena 
of Its enuiy TVt eaaa teama to bava baea rqallaad 
by Prof Oaaaa A eiiaai fleU of 1,000 tanm at laad 
wire wu ooeM to a fapwatari of about X.T 4ai 
Coat above absdnto sera abd da efietM^ egmrt ad 
04 anpafsa iadnoad la ft by tba naeovtl oC aa ikfr 


UBS mublo to detect aay dbolnnUon la tin valpa af 
tbe current wlileb was mensared by tin raegnetoatotor 
uwtbod At tbs end of this time tin Maparotato loaa 
ij a valne of 4A deg Cent (abaohito) and as d naalt 
tbe current feu to 080 ampere, tat tin teto p ir ata ie 
■gain being redneed the current remained toseteat 
for 1 bour end 80 nUantee mon Aa a reanlt of bla 
Mparlmants up to tin praasnt Um«k Prof Omus eati< 
metes that tbe iwtataaee of leed la tin eupcanndato 
tivs euts cannot be greeter than 1/<4 kio*) part of 

ibat tbeee naulte will ban an Important batrlag 
upon the tbtortea of electrical omidnction and melo- 
cnler magnets thue can be no doubt They alea enf- 
geet Um pomUilUty of being able to Obtain by auana 
of anpraaondnctocB mnch stronger magnetic flelde 
hai hitherto been potable. 


ibe field of cbmaletry le of such netiin tbat It Is 
dUBcnlt to select particular dlacoverles or davdopauBta 
aa being tba most slgnlflcant Tbe following Items 
howam am of sonu Interaat and Importance. 

J N Prtng bae devlmd a mstbod tor tbs detemlnn 
tlMi of oaona at very great dUnttoni and low tempera 
tnree By tble method It bee bean tonad that at a 
height of about 30 kUometan tiu amount of oaonr 
avenged BAXIO-* paita white et tbe bsigbt of 8fl 
kllomaters It evera^ 47X10—^ parts Tble teat 
amount of oaone waa found by colorbnstrto »ati<o da to 
give a dlitlnct blot color Indicating tbat may 
be e factor to peodnehig tbe bine color of tbe toy 

It boa been found that metaUle mlta am AiBani-te««a 
at the temperatiira of tbe Bnneen flama with tbe rmdt 
tbat tbs metal le eat free ibte bes made 
the preparation of metallic mlrrom of oqiper, cad 
ffllnm tin illvar, lead, blamntb, abie^ areenle and anti 
mony by predpitatbra from the Buneea fleme and also 
the obtaining of muenry Ui drofie 

Mme Onrte baa shown that the tauctlve end prodocte 
of tba radio active aleauate nranlnm, cadlniii, tborlmn 
end ecUnlom am damente wblcb, aKboagh oceqpying 
the pceUteo of lead la the periodic eyatom ebow diflor 
lag atomio welgbta Anxng the nameroag oaotrita 
tiooa made during the peet year In tbe fleld of radto- 
cbemletry am latoaeting articln entitled Toxm be¬ 
tween atoms and cbamloel elllnlty by J 8 Hump- 
eon and *lto Stmetura of tbe atom by B BntiMCfWd 

The Gtratroveriy regarding tbe nlteged ftarautlon of 
active nitrogen by tbe eteetric dleebaiie bu flaaUy 
macbqd ■ eettleiDant Tbe prtoelpel laveUlgetom now 
agree tbat a nampte of nltregan may Indssd ba mads 
to give the glow nxtlw readily wben containing a tiaes 
of oxygen but tbat the porta nitrogen Is also capsbte 
of giving e talillant glow Tbe preeeaoe of iwania^im^ 
traoto of oxyien seems to be favotabte to Ito prodw- 
Mon of active nitrogen 

BIr WUltem Otookea has maaenred tbe epeetrnn of 
tiu porta oMalnabte (WBS per coat) dsnuntaiy eUt 
con. O W Morey baa prepared fOnr new «9yatalUae 
■Ikaltau ellleatea. In addition to the eryalnUao 
prodneta a eerlas of bydtoM flliaaaa waa obtainad. 
Huy am parfaetly bard even tboi^ watalnliig op to 
98 pm cent eratar** 

Tbe most vahiaUe meant oantrUratloa te that ef me- 
tenutteing pmcema of anmarlcal and fU^iteBl b»> 
PRMdautlen, A waU known older aiaupla of tide 
pRueae le UtaBtratod by Uflnara euttod ftw ftbdM 
(appeoilmataly) tiu amurleal mete of aa alMnte 
eqaation. 

Owing cbiei^ to m activity of (md oari tawta 
of tte Cnhecalty gf OtMtiadM. a taillar pmeau on 
be appUsd to a bugs eattgoty ptobtana, MMUi 
rogiitai Barter gnpUlGal ItAgtaite, adHhUM at m, 
ferenttel agutiona dadaa tiu fleg.ef 1ugl» Mam 
ttMtft ale. uQiutiMat qt efitm of eMetaatiaa M 
otbir problems two yean age ITet Manga fgva g 
eoama af teetma at OMtoUt PnleeailO 
maay of Us Mtos gera duvpIoiM. ftaeetbtadtoSi- 
iMefttU inaber iM itaiu Ota bm bM 
parMadjeeMaaeaMetod wttiitt ffblatiMagta 
pait^ aviMto •• m tba eav bpoh Mif IMt 
pnbiMbad ta Oottm. ty Mi M b. «gg|IH 8%^ 


sad ita l iH bg tagbildf itod H 
daM af 


fitml 


scmninc AMERICAN SUPPLEMENT Na20M 


tWrt tt iy tn «< MatataMd or na- 

ii*m la wlrttaw tnunMoa Mm loaf ban 
taH ijilU X tB offar a larfa aacabar of laqmrtaat adraa 


o(*Aar eqa al data b ia oapadtr wblob wlU dlracUr gn 
«ata Mtflwa wltii a (ragoaocx of aiaiud MWN» crcln 
la aa attMwir difflosit pcciMiBttfciB dM to obvioua 

A MNat a»ar of tbiaa UmMattwa bara bon orarcome 
lit m OBldiotoWt •‘ntKOaa' altamator aocb u la 
BOW qpantliit la tile tranaatiantlo radio atatln at 
VHdUftoa. » J 

tPbo imuaiaantal (ratomw of tbia attanator u about 
IMOd <reltA bat bp as InitDlou apatam of tafleetioa 
aad ra m ai MO batwan tbo two wladlngi, tba ontpot 
la flaUptsad at a fragancp of dOOOl) itcIm Tba ma 
ebDM la Of Gotmaa oo n at nietl eii and anadallj riftd 
la daBlto. Tba rotor of the altamator la drlna bp a 
imA boMMiowar dlMOt^nmi^ motor. Mldu oboot 
flra tsaai llw «tad tt aboat AOOO rarolntlou pn 
atoutA and tba tbr gap U Ian than 1 atUUmatar At 
tb* Borma) output of 110 kUowatta, tba aarial eorraiit 
la ap^coatnatalp U6 aoiima, but It la clalmail tbat 
tba maOblna la oapabla of Ainaratliig aa miicb u 9U0 
kUowatta 

The rooalTliic apporatna la bitanloua In that tba tna 
beard In tba raotirar la tba dUEaroDoa tana batwaan 
tba tranamlttad fraquancp of flMlOO epelaa, and a nw- 
ahaalraUy ptodaoad fratoaoep at about SBjBOO cpclaa. 
thna glring a DOO^pelo torn In tbaracolvar Itlaelalmad 
tbat tbla apatam aUmlnataa largalp tba Intatferanoa 
from both atatio atoetildtp and otiiw atattaiu 
na VtinvtMOod Ltmt—In tbeaa dapa of amb 
rapid adranoa hi tba art aa waU aa tba tdanoe of 
Ulmalnatlon, It would bo a faarlaaa proptaat wbo would 
attoopt to prediet tba fototo of tbo now nltrofon lUlod 
tun^tn tamp It la not dtfflcnl^ bowarar to point oot 
a tow tppaa aarrlco tor wbleb tba naw lamp la eipo- 
dalip adaptod. 

It la In onlp oonparatiralp large alaaa tbat wa 
dud tba ramarkablp low apadflc canaoiaptlon of 00 
watt par eandlo'power wa abaU look tor tbo drat oom 
aMtolal davaiopiMat In oonnactlon with aatarlor Ught- 
lug and t w Hgbttng of lama bitarlwa. 
fba aOdeDqr of tba gtoAUad lamp In er aaeae with 

tff tbOi iMfctfiy tbi tal|^ CUT* 

rant lamp tiia drat to ba pot on tba market and wa dnd 
tbam oaad astanalTdlp on tbo atandaid OJI and 7A 
auparo Ugbtbif drenlta. With am batter aOclaiicp, 
lampa druwtni a current of SO or more amperes might 
bo BHd on altsnaUng eurmt iotlaa olroalts wltb • 
oompaoMtar or eurmt tranafonnar tor each lamp 
Aantbv important clam of work tor wbleb tin now 
lamp aaOma paeoUarlp adapted la In projactlon lantecna 
ainaU HUUbUgbta and In aU plaoea where a ataadp 
light of Ugb Intrinilo taUllancp la daalrabla 
AitboDcb tba gaaAUad lamp map raplaca tin pieaant 
tppa of anehnad carbon are It la a quaatlon tor tin 
fntnro to doddo wbethar It can empato wltb tin Ugh 
T area aueb aa tin magnetlta and tin quorti 
moKUip lampa WbUa tin aOclmicp of tin naw m a ad n 
la of tin samo otdar u tbat of time area, tin coat of 
maiii^niiw la a factor wbltii mop be of gteatar ba 
portuto than tba aotoal mndde ooofnnpUon of tin 

It la prebobla than, tint tin aitaat to which tin 
ttUngaudUad lamp wUl ba uoad li lorgolp a mattar 
to ba doddod bp tin coat of mannfactora and coat of 
MBiMtoBMa o< Mwnl of Ob bottto lamto of bvdip. 
and gba ddaptoUlltr of oaob to apodal tppaa cf sarTlea 
9%« Mhaaa JfOtord-^ raeant doralepindit In 
datotla tneghm wUab la tmpntaat fraa a toobnM 
pain d< Mow M tim aomllad "mat Phoba MotoE.” 
tetbtfMfer la aat B BiW traotion motor but a motor 
Beat *l|\il jl B tonma dl ato atop batwaan tin Una and 
tbo twnmntil— «ad Ita tatotioo la to ebaago alngto 
pimibi^ninr4«»polP|ibBBa OBnmt It la not t motor 
j—bubta apb B atruigbt tadnotion motor nn aa b 
rnmm addUbnal wtadlBa ■> lotar 

toMMW HH eniOBt cbb ba auppUad to 

metor la kmt nmnlog cm 
np B il » l y , tBa patoto BgppUad to paipptaaaa motota onlr 

^^MgSatoktoT^^m'dlBM dMdaiBitga la tba ooa^ 
nnipMi ■“'P* 


to Unw condltloaa aud In tiila eaaa proved tiwaper to 
llMUUI 

rbe tecbolcel Joninala toim tbit tfttma I be Hlngla 
Pboaa-rolppbaaa Spatan 

luoBAanuL aauuaaaiBa 

Writ gtimpf VtM-rUne tagint BuUt la Xnartoa — 
rha davalopmant of the umt daw euglM promliaa mw b 
tor tba fotora of tin ataam prime mover It la tbrro- 
trre of Interad to nota tba totroducUou of tbla anaioe 
Into Amerlta Ibe Anna Imn Worka have rvcantlp 
(matmeted tin drat una dow eugiiie to ba made in tbla 
tiniitrp wltb tba approval of t*rof Btnmpf 

Ai U conumolp known tbe una flow engliie baa ef 
(rctad an Incroaoed aconomp bKanoe of reduced cjlln 
der fond a n aatton loBHa Tbla li due to tin taet that 
tin otoom la aibanatad at tbe otbar end of tbe aboke 
from that at wbleb admloolou ocenra Henoe tin 
iteam In ontorlng la not pamad over tba ooolat and 
at tba epUndtr lowarad. at the and of tba atroka to 
tin tamporatura of tin low praanro attem Bp allm 
Inatlng tin Icaa between tpiludan, of a compound or 
triple agpanaloa engine tin mme power map ba daval 
opto with a una flow angtoa having cpllndat dlmaniloDS 
matorlaUp looi than thooa of tbe low praaoure cylinder 
of a mnltlpla oapainlon angine Ibe Stnmpc raglna 
buUt by tin Amaa Oompaop abowa a raducUon of SO 
pel cant to tbla raapaet 

Tba leaolta of taata on tbla angiiM lacmtlp publlabto 
(bow vary dgnldcant raanlta. iSn angina la rated at 
100 kllowatti. Ita dinnnainna ate 16x16 Incbaa and Ita 
•peto n 260 revolutloBa par mlnuta JNn beat roon 
omloa are ISO ponnda of ataam par Indleatad bocir 
power boor nnprtanalng and IflS ponnda nancondenalng 
(oupertnatto ataam In both caaea) Tboaa eoo n omlaa 
are Indato nmaikabla tor an angine of auch amaU 
capacity, but tin moat oignlfleant feature of tbe par 
tomanca Uei In tba flatswn of tba water rata eurvaa 
In varying tbe load from abnoat aero to 160 par cant 
of taU^ tin graatort variation la about BA pounda per 
Indhntto hotaa p o wer hour Whan tba water rate 
e u rvaa of tin beat multtola ezpanalw anglnea are con 
ildarad. tinoa ranlte appear to ba unoat ravolutlonary 

Botoaeloii of <Ao Vtat of gw/aoe Oomtwdioe —Wa 
flrat beard of mirtoca oomboatlon practically applied. 
In tin aurtoea oombimtlon boUar ef Prof Booa of Bnr 
land Kara raoantip, however tbo principle baa beau 
axtaodto vrttfa markadiniccwa into tba Held of domaatlc 
beating and tin badifng of buUdlnga 

Briady. aorfacafor flamalaM oombnatlon la afltaetad 
b/ ptemlxliig tinTalr and gaa and impinging a Jet of 
t^ mlxtnie on a tiwoua varfaoe, In wblrti tba eomlma- 
don takoa place When gai la bnnnd In flame com 
buatlon tin gaa )at dapeoda for Ita air of comboitlon 
on tin dlmlpation to gas at tba adgaa of tba jet Tba 
combnatton vravt or Impulae tbarefora tratalt thrfyugb 
tin gaa at a rolatlvaly alow rata and tbe combuethm la 
both alow and often Imperfect In tin caaa of a mix 
tore of air and gaa tba combnatlon wave travail tbiongfa 
tin mlxtnra at an axploalve rata and combuatlon la 
pracUceUy parfeit Ibla Is what oeiurt In aarfaco 
oombutkm the pracaiu taking plate In the porca of 
tba nrtooe Tba result la maiW a glowliig of tba 
aurfoca, anUraly wltbout Bbun U to of couria naom- 
oaiy to prabaat tbe snrfare In order to start tbe surtota 
combation Tbla may be accompllabto by burning 
tin gu In a llama impliigto upon tbe sortaca before 
pramlxlng tnglna It to furtinr evldant tbat tbe apead 
of tba jot to mlxtnra must axoaed tbat at wblib tbe 
axpknlvo Impnbn travala tbrougb tba mixture In order 
to pravant boctoflra. 

One of tba moot aotabta opplk attain of eaxtaoa com 
bintlOQ la In tba boating to roema Ordlnaiy heat 
tog apatama dapand abnoat oitiraly on convoetton tor 
tba dlaarnnlnatlTtu of boat throng a room It may be 
aoao, howtver, tint tin raifld eemboatloa In tbe poroa 
to tbo snrtBoa by tbla nkw matbod. ereataa beat In 
tin radiant torm Wa to a modi more efflotont maana 
e' boat tranotor tor ptBCtictUy oU boating pnrpoM 
Tba awCace cnoboatloB room haataca have tba BppM^ 
tins to a nnaU plota wbleb to gnocally looatad In tba 
oniitog Tbla farm of baolaa aoama to ba maatlng with 
maikad auae— Tba ourfaM oofflbnatloo prindpla to 
atofl being uaoi now la ateraa and for otbm damastlc 

^"ni^iMplWiaiP iPump^No dtoouiBton to meant an 
gtooiclng dovatopoagto wotod ba oomiiato wttinnt aan 
tton of tin Btomptoctol pnm, batog as It la so ndicat 
a atop (n puatoi ffmln Tbto aubjaet, bowarar, baa 
HOdvod oa araeb atfoattaB IB tin taobalctl pew tbat 
tb« roadar la ladanad to tbto oonrae to intormettom 

tin Add to bridge engfanwrlug ttodeubfr 
oAr ttt Moat dfl uH i Ut OamioiaMd to the w of 
•tor flfto nlekd stad to bridge itrae- 

tONB Tbo a fl raaea at bridigi dmtgn boa ctOad for 
Btod A «M«r drasgtb than tint Of BBT CBibes 
•toL Tit toMtol tod NOBttod to aatoodro rwoich 


01 tbe I luporUaa of all y hUoI with tbe reault tint 
ukkel Nteel boa faauii ud pted quite extanalvely for this 
claai of work Ilia moat notable exampleu of tbe oae 
r this steel are tbrei large brldkca non bulkling via 
tbe IIHI Gate brlilgr la New I. ik tlie uew goebei. 
bridge and the lililge at Mempbli leuii ublib ipaiw 
the Mlaalmlipl UWer Tbe toat named bridge la belli 
Imllt alongside i f tbe okl bridge at tbat point si tbat 
uii exc^kmal oipoitunity li nffoidcd t o iitiait an 
(lit time atmiture wltb the most recant dealku 
itotlrood AnptoterOw —Tbe moat Important recent da- 
vtlopmenU In rallrond englDcarlng may for convan 
Imica ba grouped under conitmctlou ofieratlon and 
managemant 

The cnostmctlon work In tbla eountiy bis been luge 
IV In tba radnetlon of gradlenti and LUrvatare and tba 
Impiuvemant of tarmliiato tbe fonuer to radnra tbe 
coat to tranaportatlon and tbe latter to Imreoae Ita 
coDvanlaica rbe former bu been largely an aconoml 
problem tbe Increased tost of tranaportatlon over the 
sharp cnrvM and deep gradlanta for tbe baavy tnllK 
bfcamliif greater than tbe Inteiest and malotoiianoe for 
the mw oondruttlon 

The latter baa Involved a Inrga amount of oxpeadva 
grade acpaiatlon work In reaching tba centen of pop- 
nlatlon to radnea dalayi dna to street travel and to 
incnasa aatsty for both tin atiod and raUioad travel 
To quite an extent, tbto baa bean toned upon tbo rail 
reads by pnblle opinion but it baa nsnally been found 
profltabla In the dsvalopnnnt of aabnrban bnainaas and 
In saving to time and Ineiaaaed aafaty but la tin eon 
strnctlon to soma to tba reomt large paaaanger atationa 
tin economic limit baa been paiaad avan afti r aHawlag 
tor tba advertlaing value In attnctliig oompatltlva 
traDc 

In operation on tin low grade llnee with heavy tralllc 
the drmgth and mfaty to traik limit tbe apead and 
\ eight of train For deue traffic the nnlt end de- 
ervaaaa with Increutog weight wbleb makca a eon 
slant demand for atrongbr track A taw yaara ago 
tbe dtoeetiva rail was tba limiting factor but thanks 
to tin work of tba raU aiperta and tin keen Intarad 
of both tbe rail makan and the nil naan tin open 
lieorth atari nil to bnlay la giving axoallont aerrice 
lha tie plate to raptdlr coming Into nss tor both lafaty 
and eeonomy wblla Iba draw spike to being triad 
oxtanalvriT It Is frit by many tbat tin ballad and 
■ubgrads win also taqulra drangthenlng for any fur 
tbar material Increaac In wbeai loada or la loads par 
foot of track 

Tbe nfcty Brd morsmant to boring Its aSset on 
lluwe responsible fir tba operation of trains as wall aa 
npon those ratiKiialUo for roadbed and equipment 
Ibe tborungb Investigation of earnlngi wbleb baa 
been made In connection wltb tba laqnwt for an ad 
vaaca In frelaht ratM Is bsvlng sn axcellant eWact In 
bilngliif about a study to tbe econimlcs to opmtloa 
wbleb ibonid reanlt In mutual benefit to tba nllnnda 
and tbe pnblle while tbe phvalcal valnatloa hr the In 
tuntote Commerce Commission may not prove to be 
such a calamity aa at Orst predicted 

X’Kaj DilTfBctioffi PAtteni 

A coBBBBPOiniuri to Sdnieo Mr W W htning of 
the Caraagte Institute says 
The difftBotoon pattarm diaoovered by Fnederich 
Knipping and Inue have bean shown to be due to the 
arrangement of the atoms to eiysttla into planes TTmm 
pattens an nsed to hidiaate the spatial distribution to 
atoms m erystals 

An expenment lUnstratiag these pattoma nan be very 
aaaOy shown to an audience by permitting a beam to 
light to eater a dark room and faU upon the laea to a 
diamond lueh aa naed in rings Tbe diamond la held a 
tew mebaa from the hole thiongh wMoh tbe beam to 
light anten and upon this screen is thrown a largs nnmr 
bd to bright apots very oloaaly raaambhng the X ray 
patterns By moving the diamond to and tro horn the 
acreon or by rotating it the form to the pattern can be 
altered The portiona to nya that enter the dumond 
and ace cefleotad from tba rear lurtaraa may show the 
ipeotral ecdoia. 

This eqMnment can be demonstrated to a olaas very 
eaody and should be to some use m exptoitnng ciyitallln* 
struetnre 

A ahoctBge or Wood-pol^ ThrcBtoned 
A Bren by tbe Focaat Servlea to tha U 8 Dapari. 
ment to Agricnltnra atstia that baeanaa to tha war 
Hob mannfoctnrirs and oeosamein to wood pulp have 
boon omaad eonatflambto n n aari n aaa. FrodneOao to at 
a otondatiU In tba ouantrlaa at war and In MCrway and 
Bwada o , prindpol sonnea of anpply mllto have be«m 
ilaatly hampaMS bamuae to a lack of cool and eboas 
fcato. angtond boa praotieeUy tw domestic sourees to 
pnUk 
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tm « Itm mto ud la dinnUa ritaMItaa alMME 
Monlr cu te snOpeiA ftou eoU ttr Mo tban £0 par 
I w ttaptfi w Jitf Hm pugplnt Oanoa fn watar par 
aOro weqM t iMf K nr a ba oa tba abora baala, aoma 
Hka 0 iliUlliiii par aciab wblcb la hr no maani 
PirabtUttrak Iirlcited land, tomtarlr almoat worttalaaa 
hai ntetir chamad banda In Boatb Africa ot abont 
AMd par aora. Iba Intaiaat oa ttala ralna at B per 
cwt tranld par fttifr tbnaa tba annoal charga wUlcb I 
bara caknlatad. 

IWa tapial etauia bIiM In ttae fntara llaelt aaallv 
ba todoead to a Sftb of tbe dgnre I bara takan If 
tua b dona Irrigation at an abratlou of 6000 foot 
nrltfe watar pninpad from laa level wonM ba practl 
oaUa With modam improvauanta In gaa making and 
tba atbntioa Oat la being paid to tba recovorr of 
tba waate prodncta In tba gaamaklng praoena It b 
qnlta ooneelvabb that tba powergaa might bacoma tba 
waata<piDdnet Tbe p r aaant type of gaa angboa are 
capabb of vaiy groat advOiicea in tbarmal aconomr 
It wonM retpilra no varr groat Improvamant of tbb 
kind to telng doon the fnel conaiimption to % ponnd 
of rarbon or coke per electrh brake bone power per 
boor or leM tban 3 long tona per ^ear Vt 1 ahllllnga 


Uiamloal mauia I iball reject tor tba purpoaa of tbb 
paper bocanaa In tbe Brat place I don t know anougb 
obembtrr and In tbe aeeond place It b ouly neoaMiy 
to abow tbe feaalbUltr of pbralcal methoda 
A atmpto phyakal metbod of pntlfrlng Hit watar b 
to dbUIl It Co make tbta comnerclallj practlcabb it 
la ne cwa ry to do one of two tbtnga Tbe Brat b to 
liBve a large toorca of bent available at low coat Tbe 
aeeond la to adopt ooib n metbod of diatllbtlon that 
Ibo btont beat of evaporation is piaotleallv all recov 
eced from the latent beat of wndenMUon 1 will ahow 
that both tbaoe matboda ata practleablo 
Tbo cbMp aource of beet tor the fltat inotbod b In 
tba iei Itialt It la known but not genorallr kaonn 
that the tampentun of aea watar vartM eonaldarablr 
with depth The variation dlffeta In differont pbceo 
but It mar be taken as avnaglng ooniathliig between 
4 dog and 16 dog Fabr per 100 fathoms of depth 
There are Iberetore many plsiea where unlimited stip 
pllee of watar are available at temperatniaa dlllOrIng 
bp Hv B dag iahr tba warmer water being on the 
surface and the ooldOT watar at a depth of fiom 30 
In 00 fatboma TboM sptfa ahonM be pnopected for 
In Bnmmer when Irrigation water b moot needed the 
temperoture gradient b M.rp mu h ateeter than the 


Fig 4,—Phntognph ti tv anrftM of e 


ng 6—Pkotogmph of bottoai aarfocc of cast 
log at idace where pieM waa eat eat 
Mute that M Impirfactlins are vMlb at tba ncta a 


Hg •,-Fhatagiaph one odgo of tatton wbieh 
was out Arum tbo eastlug (soo Fig I), ihowlng 
potMonothsU MtnwonB/lMuditUek. 

n tgn tbs cost of fool for power would bo rodooid to 
IB -hiiitng e par umim par h ot aa p ower or about ono- 
atgth of tbo £B par boraapower year that 1 have 
taban above. Tbb rednoed flgnro takN no aoconnt of 
briwodDatn on tba oot hand or capital cbargH on tbo 
otbir Hisn two Items mlgtt ooally balance ono 

To bring greet nppllon of water from a diotance Im 
pUui tbe tM of vary latge Uannda, whlcb ara vorp 
eapaulve If made artUdaUp In tbe caae ot mpplba 
toongbt tron tbe wm, wbare tbo water U to be rataod 
feen a loorar to a liigber lavd tboat ebannab ora tbere 
ataMdy ih tbe etbUng streuno All dwt la neoaaiarp 
la to d6w tton cbeiqdy so on to give modarato litte 
ot abp. 4 or B toot at tba nariuwaat parte of thoir 
oeiUMA SiM flood wtour of Oo riven oould toon be 
pnflr obMd to egMwntep lolgathm danab and portlp 
oantta to go cot to Mt to promit 'Wttiirnp' ^ 
piubiftlg etatloM Would bo adviood. bp tobgraph or 
tolQlWi la gdfaBoo of tbo ORlval of too flooda, or 
Tftfitoonwltf ocatnlM ao that tboy would do no on 

ateoeat trootoA In thin wap, would abo rnn 
tor tllu trMMMt bt fHl USA oton matwlal, to 
dlptoV toto pacta of tito enpa prodneod aa wan In 
WBidfflfllbtotlfAtnuilL At ona two idlM n hoar. 
0m wotfw fm mk HMH four dan to tnval 900 
atm irtito 1* lot to totoh itoww tow toe 


b M II let to tifr totoh I 
llptto to tqiHlitotoono gpodo 
iip am ttoto- 'H i totoww »tot 

iiii liiM i itoli lW tov via 

mtmk tmm ml 


I to dho tooM» 


above flgoiM abow espedollp In hot latltudoa lu 
the Bngibh Cbannal at Btethm B. lu Augnat IBM 
the gradient waa about 8 dagrcaa for 8 fatboma In 
the Oontral FocIBc a dlBoranco of SO degreea boa baon 
obaarved tor 100 fatboma In tbo Bed Baa tbe eondl 
thma ere probeblp elmilar to tbooe of tbo FaclBr It 
b tberefore probable tbat tor tbooe montbo In tbe 
peer In which water b moat needed there ate anlteble 
placM near abora wbne a tempnatura dlffaranca of 
o dogiew exbte In veip modorate deptha ot water It 
Is bardlv neoanarp to tell anginoera that under tbaoe 
condltltew It b eaap to ovaporato tbo water at tbe 
blgber and to condonoe It at tbo lower tompanturo 

Aa wo bare to daai with varp anaall diaomcea of 
prenmre tba ooodenaor plates map ba mode of vorp thin 
metal as Udn or tbliwar tban an ordlnarp atacat ot 
galvonlaad Iron 

WItb sntteblo drcnbttng methoda oath aqnoro toot 
of rondeonr onrlhco would praduoo about 8 pounds of 
ewndewood water par boor tor a tampantura diffeienes 
of 4 dag Fabr or routoly I tenn per pear For tbo 
2000 tMW aaanmed oo tbe nqulcuniont per am too 
sqaan fbet of coadwiMr aoTtaca at Od a toot Would 
moan a capital ciposdlture tor eondwisar anrfloe of 
M Ba, p« ana to be tarlgated 

Tht oaloalathia of toa nefaea regnlrad b boaad on 
tot annmpdan that about BOO boat unite an ttana- 
Bitted pB annn tott vt eoaOmm nxtu» par boor 
par Falw dvm of tempontan differoaeo WItb 
ptopar dfilgu add teraiUllni aiftag a aw nte It la poa 
rible to tewnaa Itei flgare to awra tban 8300 or 
non ttaa atna ttena u anieb (8se fbotnoto p SM 
to tba flteateSatoht,” bp Farrp) Tbia would tednoa 
{toa (Bpitel aoat tor eaa d e ai lar ivrftaff to Ian than tl 
pniwtatolatRtoateA 

WHh tte uaa to rittn aa main IrrlgBtloB chauMto 
aa aoMaMhd, ttoaa wnW ba no need to taka ebaamol 
toteutaitob tela nwaht aa flte aatanl flaw to toa 


tlon of tbo water fram tbe Irrigated land to the river 
Uunnola wmild abo oOiet tba evaporatlou 

In evaporation plant based on tba above tacts and 
tlgurea would nnPHiirlly deal alth varp laige qnan 
titba ot water In order to be a papaM pro p oBtlen 
Tbe IntakM tor the Urrabtlog water would have to 
deal with anth qnantltlH uf water as pan out to an 
by imall rivers But u tlialr croasaectlon would bo 
■omporablo with tbat of rlvoro, so tbo frlctlaii baud 
rMinliod for ilrcubtliig pnrposn would abo bo ot tbo 
nmo order or soimthlng llkt. a bHd of 1 inch tor 
100 toot of conduit rtio atreaaau on tba conduit wouM 
niso be os nearly ncgHglhlo aa tbo dUtorance In praasun 
letween tbe outelde and Inalda of tbo idpo Tbo ma 
teriol of which tbo conduit waa made could tbottebn 
be quite Inexpenalve Tbe condanaar plataa could ba 
Iniraeraed In tba water at the top ot tbe conduit ttntf 
Unumlug tbot tbo condenutlon water only took up 
I no boat unit per pound ot water Goodenasd and Oat 
I lie pumping bend required wonid be aa much aa S 
III liea the work done on tbo oondenMtlon water bp 
tlie tnrbo-pumpo would bo equivalent to lifting the oon 
donsad watar 230 feat Tbb I have already thown, bp 
liuplltatlon not to be flnanclallp bnpractlcibb Tbs 
n irk to be done at tbe dbtllllog plant on tba eondend 
uatar b lUll leas ao being only a anmil tnctloa ot 
tlie work done on tbe condenutlon water Tbe total 
lumping work to be dona at the evaporator calb tor 
an expenditure of from 6 ibllllngn 8 pmre to SB ■bill' 
Inga tor power par airs irrigated wItb power coating 
tiom 60 abllllngs to tlO per hone-power pear 
rhe aeeond method of dbtlUIng the watar conabte 
of IncTHBlng the praaenre and tberefura ralalng ttae 
teinperatnre ot tba dlatllled vapor or tba watar to ba 
distilled bp meehankal munt ueb aa a eo mp reaaor 
turbine and condenalug tbe Tapor In a aurface cm 
denier the eondenMtlon water being the rama watar 
tbat b being evaporated In tbb a op tbe wbola of 
tbo latent boat of condenmUon b retnrnad to tbo watar 
which la being rondenseil 33 m net amonnt ot but 
supplied macbaulrallp depends on the dIffataDoe ot tem 
priature batwaen tba nmdanacd water and avapora te d 

Ibklng tbls as 4 degrau tba net amount at hut 
b snbatenttallp 4 but unite par pound, or about BuOOO 
heat unite per ton of water ovaperated WKh an afll 
denep of 38 per esut over all tai tba gaianglwto and 
mecbanlCBl arrangemento laao tban 8 ponnda of caibm 
ncnld tberatore be conaninad to dbUII 1 long tan of 
water WItb a raquiremont ot 8000 tona of wntar par 
icra Irrigated tbe carbon eononmed annually pot acre 
Is illgbtlp lau tban 27 tone costing at B ablUings 
to 20 ablllliiga a ton from ebont 13 ibllllngi B panoa 
I 34 abllllngs per annum for foal Tba foal Mil could 
be |iioportlonatel> reduced bp reducing tbo tenperatura 
I ITerence 

WKh tbb uorod metbod of d|itl1latV» no woikn 
wonid be neceaurp In tba lu Itself Ttae appmtns 
would an be Insboro with a canal leading watar to It 
from the sea at one end and taking water away at the 
other One great advantage of tbb aeKDd metbod of 
distillation la tbat much leu water baa to ba ban¬ 
died tban In tbe Brat Practically all the water ra- 
qnlrlng handling b tbat required tor dbtlllatlao oad 
Irrigation Tbe latent bent withdrawn from tba watar 
dbUlIad being praiHrallp all returned to It In the 
act of co n d onoatlon tba natural tidal ilrcnlatlon to 
Buindant to ransw tba main body ot watei dealt wItb 
rapidly enougb to carry the Inrreailnglv ullna water 
out to lu Taking capital Into acconnt thia second 
nwtbod to probably ebupar tban the lint mKbod ot 
ntlllslnK tba beat In tbe am water Itealf 
Tbo aeeond metbod baa otbar eonvenlancu It can 
be run proflteblp on a much amaltor acala than tba 
Brat It cnito for toss capital expenae and It can ba 
naad to produce water all the year ronnd under almoat 
nnltonn cendlttona. Ibta would allow of deeply 
phmgbad ground being niltivatad on a system combhi 
Ing tba advantagea of dry farming and Irrigation In 
Boch a way that tba watar oould be used evenly aa It 
was produced all tbe year round 

iBVflct ftwa FUt Whedi 
Tvn have bean made at the Pnrdns Qnlvanlty to 
detonalM tba aOeet of Impact nanttlac from flat whetto 
and tba InvaattgaUma covered apote of varying atm 
and wtaMla nmnlng at different apeoda and with vary 
Ing looda ft bos bean found tbat an Imperfect wheal 
with B 8 Ineb flat spot atrlkea the track with an Impact 
of 104000 peunda when the ear to going 18 mltoa par 
bear ind to carrying a load of 20000 pounda It was 
also found thnt under almUar condltloDi a flat apet 
only 1% iDcbM in length prodneed a blim of 20000 
panada, and tbo Impact for spate 2 Inebaa kmg waa 
96000 ponnda A standard flndgbt ear waa monated In 
tba Mat toboratotp and apodal appantna, loelndng an 
IndKMBt wUeb Nenadad ptatafinphMally tba ougnl 
tnfla of tbs btowa, mia ampioffii to oonaet tost data 








The European War and Potash SuppKeS ’ 

A Consideration of the Possible Sources of Material for Home MannfacUro 


In Uiii ywini itl the olKbteenUi cmtiirjr, when 

tlM> rrom-h revolntlua wiw iit Ita beight, condltloiM 
In Frawt; NR rogNidN tbn Ruppljr of HodN bon N enriou 
rvMmiblBucc to the uttuNUon In Ameflca t»dN 7 u n- 
imrdM our euppiy of puUib, the poUUcal eoadlttoM 
being of counw trory dlSetMt Vnnoe wiin wholly de- 
pondunt on Hpaln for bhrilla, n rarlety of loda uh 
made by burning Mitwort and mn planta, and alao 
Iniportod large qnanUitai of Bpaulab potaab. Conunw- 
clal Interoonne between France and Hpaln had oeaaed 
on the ootbraijt of the lerotnUonary war, and all the 
putaah whkh France produced waa required for the 
mannfactnre of ealtpetar and gunpowder In thle emerg* 
oncy. The Natloaal Ooarentlou nutdc an appeal to the 
dKahita of France to derlM a proreaa In which oom- 
mon aalt might be made available ae a aouroe of aoda. 
Tbe cell wu beard by an ubaciin cbemlat, Nkolu 
IjeUaiM, who came forward with a proceaa fbr the con- 
\amoo of aodliun chloride Into aodlnm carbonate that 
baa made bla name an Immortal one in tbe annala of 
dianlatry. The Leblano ppoceee haa never bemi entlnly 
enpeneded: Indeed new planta are constantly being 
eatabllahid. deeplte the superior advantagea of the 8oI> 
vay procam tor moat pnrpoaea in tbe production of oar- 
bonatM soda. 

Now that the enptily of German potaab for agrtcub 
tare and IndtmMal oaes baa been cut off ocenpletely 
by tbe Bnrcpaan war, a eltoatlon haa been created In 
tbe United SUtas not very diaelfflUar to that wbkdi 
prevailed In Franoe In revolntlonary days, and tame 
aiel fortnne await the American inventive ganlim who 
will orlae to tolve tbe great problem of prododni 
putaah ecaaomicatly and abandantly from tbe potaab 
rocka, brlnee, and Uttema native to tbe United 
Btato. Tmblanc achieved fame, bpt died a pauper. 

' Tbe primitive prudnct of the lltlvlatioo of wood 
ealuM, known for cuutariae ta potaah. la not an artlde 
whloh twMitlatti oentoiy chemlata can lay claim 
to rnncli, if any, lamUlarlty. The article anp^ed In 
Nticke—potaaslom bydrozlde-'ia what la racognlaed aa 
INttaab la tbe laboratory. Onr torefattaen knew tbe 
wood aab produot better, and there afe donbUeea many 
now Uvlag who can recall early daya on the farm when 
potaab waa oollacted for doraeaUc aoapmaklng by the 
idmple prooaai of leaching tbe aabea of burnt bickory 
or other lofL A century or more ago, however, when 
vnat natural foreata eilated and the valoe of lumber 
wai little mace than that of tbe labor of tOUlng U, 
the manutoctare of potaab from wood eabaa waa an 
Induatry of ceoalderahle Importanoei 

Altbongb potaab la eUll manafbcturad from tbe 
aabea of wood In the fonata of Nortbem llldilian and 
In portlona of tbe provhicea of Canada, tb* quantity 
eo produced la neglUdble and fluda noe In a local way 
only. 

Tbe German potaab Industry datoa from 1081, whan 
the drat factory fbr reflnlng crude potaab was ertab- 
llahed by. Prof. Adolph Frank at StamfUrt WaaRfUtt 
luR boen known tor Ita salt Industry for mon than 000 
yeani, the records of tbe town ehowlng that a guild of 
Hultmaken had worked the ealt bade of tbe dlotrlct 
aa tar back aa tbe tblrteentb century. At tbe time tbe 
depceiti wen taken over by the Pmealan gOTemment 
In 1798, and some time later worked on a commjerdal 
Rcalc, tbe potadi araa treated aa a neeleea brproduct, 
but tba reaearchaa of Jnatna von Ueblg In agrlonltunl 
cbemlatry In 1800, having eatabllahad tba ftet that 
planta depend for their nntrltiaa on tba ealeteooe In 
thp noli of nitrogen, potaaelam, and pboapliema la eer- 
uin deflnlte proportions, and that It waa aeel«H to fSed 
a plant on nitrogen and phoaphorim unlam tbe right 
pniportlmi of potash waa also auppUed, Intanslve lb- 
venilve Work was began to dlacover sonrcee of eolnble 
IHitiwh. I.lebig’a dlecovery had the dieet of dlraoUng 
cfforu to the extraction of the potash from the ealt 
heda at Staeafurt os a main paoduot, and this waa auc- 
iiwtfully aceompUahed after tbe eetabliehment of the 
factory by Frank. Hie potaab salts ware haocefortb 
worked cxclnalvely and aalt became tba by^orodnot In 
thlH way wu developed the great Oennan potaab Indna- 
try on which tbe whole world la now depsndent fW 
Ua Mipply of aolnble potuh for nae In agrieultnrt and 
the indnatrlea. 

At the outbreak of tbe war Uatmany was expocUng 
annually to the United ktatm lAUMKKI toM of potaab 
fog urn la fertlllBer end In the numufactun of ebaml- 
cala, tbla rrpreaeutlns about cue tenth of the —m-i 
output of tbe German mlneo, wUdi cxdeedg dem 


By Thomas J. Keenan 

The Oennau potash mlneraU are now mined over a 
large extent of country, end It la no longar aoenrate 
to speak iff them u “Btasnfurt dopoalta.” Bashing 
to a depth, from tbe top of tbe upper to tbe bottom 
of tbe lowest atratam, of acme 5fi00 fSat, tbe bade nn- 
derlle a tract of eonutry extending from Bteeatnrt to 
Tbnrliigia on tba eoutb, to Banover on the west aad 
to lUeUenborg on the nortb; while depoalta were die- 
covend and minea openad a few years ago In Alaace 
near MtUtaauaen, where tbe Oerman troops are now 
repelling a French Innutoo. 

Notwltlmtaiidlag tbe itfparmitly Inexbanetlble extent 
of the German ealt depoalta they ara really Inalgnldoant 
compared with tbe abnndaooe and variety of potaab 
rocks (faldepar, etc.), wMcb ocenr everywheia In tbe 
earth's oruaL It Is tbdr solubility in watar and conae> 
quant ready amenabUlty to cbamlcal treatment which 
dees tbe Germaa aalta tbolr great Industrial Import¬ 
ance, and makaa It appaar altagetber Impoaalde for 
any other known sooNas of potaab-oontalnlng mlnemls 
to compete snocsarfully with them. Depoalts similar 
to tba Oannan havs latdy beeo dlacovwsd in Spain, 
and. If thay prove to bt aa loiable and u aocsoalble, 
comjpetltloii may ba expactad, but adaqnata raportt on 
this aonree of supply ara not available at tba presMit 


from the mines and storduames to tbe coast on account 
of tba monopoUaitloa of railroad and river traflle by 
tbe army and navy, so that not e ton of potaab hu bean 
shipped to tbe United States since huetUlUea Started 
loaf AngneL 

Potaab bu a wida and Beoeadtoaa nae lb many fldds 
of Industry basidaa pbarmacy—In agrlealtnia, glasa 
mnnnfactnre, and aoapmaklng, to mentloa aome Of the 
more Important Tbe esrloua problem now GoaftoDtliig 
tbe country la to find anbatances that wUJ yMd water- 
salable salts of potaah In anffletent olmndaiica to pro¬ 
vide rallet from the daprlvaUtm of tbe German anpdy 
and at the same tbae put our tanaecs end ctaemlats In 
a poaltlon of economic Indepandeoce for tbs future. 

Tba mlnetnl eoiirem of potaab Indnds tbe salts and 
brlnee found In tbe lake baudns of tbe arid Weat not¬ 
ably In Utab, Nevada and Oalifomln; the mineral aln- 
nlte, a double sulphate of potaodom and aluminium, 
lately fonnd near Maryuvale In Utah; and certain 
natural alllcBtea or potash-bearing rooka, u Celdapar, 
etc. Altboogh a great deal bu been publlabed concern¬ 
ing potoeb minea and deposits In Nevada, no one out 
there appears to have ever beard of their bdng vrorkad 

RdPk or seaweed, cuntoina a notable quantity of pot- 
oab In combination wUb cblorioe, and the stretch of 
giant olgm groves on the OatUomlm cout ere rich In 
potoadom chloride, being eatlmatod to contain np to 80 
per emt of potesta in tbe Mb, and In aome oases np to 
8 per oant of lodlna, wblcb enbstance U Is ctmsldered 
would Igrgnlr P*/ Ibe cost of prodnetton of the potaab. 

The moat promUng source emong the lake beds of 
the West la Beatles Imka In Ban Bernardino <)mmty, 
Oallfomla. Bodnp ibow that tba depontta In this 
lake bed consist of a mass of aaHs about TO feet 
tbidt. Hmm odts ore made op of sodlma chloride. 
Tbe stnetara of tba mom reraols a oaorady wyital- 
Une and boMFCombed form, tbe apeom bdng Slled 
wtth brine. Below a salt bad extandlng down for a 
dWonos of 38 feet, a brine Is found wUdi andyMs 
ohdut 4M per oant of potamium chloride A jdant baa 
besn rsoe^ atgrtod for the aztraottsB of tba potiah 
by a spraying had evaporating prootm. This b ex- 
paetad to bars oa output of ISO tons a day wban work- 
tng at fan oapaotty, but tbe entlxe dspodt, according 
to O uv erug mnt shuinhtmi haountn to only 600,000 tons 
—bm Umn a yalirt onpply I 

A prombtaff hOnres of potaab H b brpeodnet b tbs 
PorHond oesaant fadastry. By tspiadiif dm day ordi¬ 
narily unsd b isdhpt uttbathctots wtth Basly grooid 
ortboelaaa or fddspar, it wodd ba paadWa to 
obtain na a b y nwi n ct a quantity of pstoab gqnt to 
about oMmOlIoBtoan'eynar. Any pn^ toefc. gnsbs 
fddspar, or pboooOtt tdfltf do as k suhattpta ^ dhy 
Inthbpcooase AttlhMlaiaesaaaiy sMpIdha ipBitW 
the Raft. iBlJt tt Flifei %|iadBM ^ msM in 

a hlffbec t e mp erat n m t«hftb oadbM^^BOe IftoMt 
work, or asy, 1.400Mi;.Ailtt. «il^- 

out by tba Ibee'aOA'diaii^'tdio 
or bm mixed wttb 

fidiy edabb and rdidl^.||^.>>|lh«iS<iitt 


by tbb procaw b oald to yMd 80 par usaa eg 

Amodg the minor sonrcaa of patgab ttmt Jgifhit^.lM 
wothOd for Mmrtrtal parpoaea, foe the n |gn uj lii i i» tf |> 
pbarmaosnOoBl talb. etc., the wssla Ilquo^ftom m 
manofkrture of beet sugar gre wortby of aotg, BdOa 
15^000 tow of j^i^— MltB ftW 
In OeraiBay tram Uib aonree gk&a^ and ag fitcA IftqH 
baa pdntod out, Urn waste liquors of tba Ftabft heat’ 
sugar tnduatiy wars at one tbw a W|dy good senna 
of potaah, brga qnantltba of a unde oarbonatb oMdbMd 
la tbb way bd^ at on# tbae baportaft hy Aftdijttas 
cbsmbal nianufactnnre On tbe aaauiaptlcn that tba 
motosam of tbe American beet sugalr taiduatiy mnlOln 
the mme pnpgrtloo of potasadow tbit b pwasn l bi 
the Genmn end French mgar baeb, tbm wenU dima 
to be an opportunity b ttib oountry for tba 0X610(1% 
tbm of potndk mamfactura aa a by-pradnia sC (Ua 
taidnatry. Beat mdaasas, or the raatdum left altar the 
extractloa of the ougar, contain the tctol potash aSUa 
of the root Tbb mabcbl b dtimr diarrad dtreoUy, 
ybldlng wAMndcoftM, or it b dmaoebailaed, or fir- 
mmted and tba Anal Uqnota (HaoNa w coMempa) tram 
these proosiees ara evapoittad to dry nan and tba riat 
due caldimd to a blaok poroos aaam whbb, after appro- 
prbto treatments, yldda a pradoot eontabitng a^t 
85 par omit KfiO, and 8 par oant NajCXV 

It baa also been miggaatad that' ttm waits Uquoa of 
the mgu Industry In the Booth mlM be nttUaed oa a 
source of potaah, but It to not known bow larg* a ybld 
might ba axpectsd, or K tba praoom of axtraoHon oonU 
be operated lo as to prove a eommerctal siinwwa. 

An Interaatlng aonree of poteab b ibaapk wooL |n 
the totarnal economy of tbe aheep, tba po^ IngasBId 
by the onbnal aa couatltaento the raota, berta, and 
gnuam on whfaft It fOeda, b exerded mostly aa awaat, 
one third of the weight of raw merino wod bdng said 
to consist of potoadnm oomponnda. No attmapt ^ 
bean made b Amarlaan ibeap-ntalag dbtxlots to save 
tbla potaah, thoogh in Franoa aa much aa 1,19B tons of 
wod potaab ara loodnoed aanoally by several wod- 
washing plants. Wod yields about 180 grammes to 130 
gramma of potamlnm ooxbanata pw kilo of oombad 
wod. or from M to 13 par oant of potash. Tb# raw 
wool to waobed wUb oold watar, wbrntiby the potaah 
Boapa, with some at the nentral tat and ohdeotral, an 
extraotad. Tbe adatton to evaporated to drynam and 
caldnsd, gtvlsg a reddne containing abont 80 per oant 
tba remaladar bdng Ns/X>. togatbar wItbWiBO, 
andKa 

Among plants tba aabw of whieb are parOeniarly 
rich b potaab, snnBowaa, tobacco; and fomltoiy may 
ba meotlonad. PoUadnm eartwosto once wtmt by tbe 
name of ealt' of wormwood, the aabm of this dut bafaig 
brgdy need at one tbw tor lb prodnotbn, ftmt as U 
waa called aalt of tartar fNm tba tad that otwlm of 
tartar wm once employed es tbe sparca at s pun 
artlcla In s table pnbitabed b Orpokek tronsUtlpn of 
Wegner’i “Obemleal Tedmdogy," tbb fpllowbg 3fnim 
ere glveu of esb and potoA ylelda of IDOO porta of 
the woods nomad: 

Weed. ash. PMaBb. 

Pine .. &40 0.15. 


IkSO 0.74 

UftO 150 

awO 8MI 

8850 858 

840 5,80 


Willow . 8850 858 

Fine .. 845 (Mn 

IMed fins.;-- . 805. ' 0f ■ 

Wormwood .. 075 

Fnftory .. 8105 . TMO 

FamlUai^wUih tha axtant lha hvaUthlto^ldiiof 


ftwnrpta. K W at ftt# mbiai hgtr Norfbi 
nuar^ta omta'pkodhetaf 3ataab..«0oi^ 
ba avaftauo b ttafocty iqntliittff ythod^togOtti^ 
wmktk 'iataornfm. ~ tt It 'mUtm 


miUlau 
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Discoveries About Bacteria* 

A Simple Descnption of What They Are and What They Do 


Ttu Lsadw iMwqiiaptni m afflicted by a dan^arooe 
iMHaiWMli to prorlda tbatt readera with abort acilUea 
anwawlai •a on dt b lai nair" I am Mrr; to H7 tber 
M ■OBUtliMa Bot Tcrr parUcnlar aa to wbettiar tbfflr 
aWMtoMtoaota, wben niatliic to matteia of pivalial 
aMaadb, natural Uatoir and nwdlcliie, are true It 
WUlild tnke up toneh apaoa ware I to give a oompleto 
Uffl dt tba Itttaa of rnbbMi wblcb are now being dally 
toiltod on tba aowaiiapef reader by Ignorant wrlteta 
who an MMOuraged by boum newapatier propitetora to 
wrtto ’tonattlj'’ and tatonnlngly ’ about adanUflo and 
(oadbal aubjaua ‘of which tbaae writan are Ignorant 
and con c ecnlng which they make outrageoui blunden 
I wUl here notloe only one of tbrae recent mlaleadlng 
anaonnotneartn It reUtee to a aahlect which, when 
paaperly dealt witb. may be of great Iptereat but can 
anally ha mada a maanlnglera abaordlty A paper am 
W tt i t aatod to the Acadmny of Sclanoea of Parla by Dr 
iktoa, the director of the Peiteur Inatltnte wae wrlttin 
by MKlame Victor Heart, and dOKrlbea eotne obeerra 
tiou made by bar and 11 Victor Henri In the labora 
toty of Dr Borrel In the Paatanr Inatltnte, with regard 
to tha change of character oanaed by Um aetloa of ultra 
rUdat rays of light acting on the bactarloin kuown aa 
'Badilna antbrada, which la the minute mlcroacopk 
■gm*' or Infeettre paraatto catmlng the deadly dlaoiiae 
known aa qdaolc torai antfaraz,’ or ebatbon lu 
cattle and abeap and aa malignant puatuk. In luau 
Tbla little paper la an Inteiaatlng ooutrlbntluii to the 
labject But aomebow or other Ita title attrai-ted the 
attention of tba ParU newa pnrrcvot and accordlnaly 
we had It annoaneed by telagrama to I^ODdon paperu aa 
a wondortul rarolutkaiary eporti making dlaoovery 
which moat at once bo prodabnad to tho Britlah dllren 
at hla braakfait table Ho waa natnrally Imllned to 
aik VHm on earth carea If tba ultra aowetblng rnyi 
do act aomebow or other on badilna what f Ita naiuet' 
tUnoa moat people moat be ai no donbt waa dealred 
niystUlad by tha announmaent aud aome perUapa 
aootbad hr Ita phraaeology aa by tbo Muweil woid 
'HaMpotamla” (In fact aa we may aay mcaopotanil 
Ood') 1 will endeavor to atate to plain Mini wbat It 
really amoonts to 

The name bacterium—meanliig a abort aid—waa ap¬ 
plied a taimdred Toara ago to a oommon rodllke mlmro 
ecopio form (often only one twenty thunimiidtb of an 
biefa tong and a third of Ita langtb In breodtb) onur 
ring by mllllona to patrefyiag vegetablo and animal 
retnaek and well known to all who need high pownri of 
the mtoraaeope to explore natnral watera toch ai 
ponds and arapoola. They wars flnt aten and daKribed 
980 yean ago by tha Dutchman lieenwenboek who 
tonndtbem to mUllMiatotbe bninan moutb< Each rod 
nraltlpllas by dlvldtog aa It tocreaaea lu leuitb Into 
two Prom a single tod many mUllona are tbiu pro 
duced to tha conrae of 24 houra Tba Anatiian botanist 
Mlgall, about sixty yrars ago gave tbem the name 
netiienphy m or apUttIng idante ' on aeconnt of tbla 
mode of rapid mnlUpllcethm According to the nntnre 
and atHudattee of tbe matartol (animal and vegetable 
refuse) to which they are growing they nseume differ 
Mit simple torma Borne glow Into long balrllke flbi 
mania bstora vlitttog Into amnU rod like bits otbera 
bnak up Into tiny qibecaai called 'cocci ’ oi 'mtoro- 
eeeel.'* take on a spiral, or corkscrew form, and 
ate railed "aplrllla,’ and break op Into IltUe curved 
Mta "commaa," or 'vlbrlM' while otbera. rod 

f4.p^ nke tba orlgtoal “bactorla.” but a Uttle hmger 

hi pw^aetton to heeadth, are known aa •TiaclUoa " Oftan 
they i« mottla, hatag ptovMed with ona or mrae e^ 

fflrply deUeata vlbrattag tbremh of protodaem, wbkh 
kaap IMm to eonatuM aiffl npU moranieiit Tbe aama 
Unto will, under eartabi eondltton, oaaaa to mov^ and 
fflisrar ont o tbiir grow and amltlply an abundant jally. 
Intbeff an raiMtod. HMt of them can wtto 
attiid afhito 0* tto dryteg iW tha iDolat mattor 
to fflitob (hto mF. tod an blown about aa duat. a^ 
p Uto ito dito, bat wvtta into art** M*a whm tbay fUi 
lMolWaM*arrtt»amidgtaatto* OenteOMiitly. tbra 
M ttMltmto tt> ••toDw Iff tMatoato of ktoda 
ea^qntog to att^an y 
mliUgMiftoitoito^Mwilutonl; aaiMto. tbs mow ^ 

hSn at Mag to toto atibnaito to ftoato, ean ha tonnd. 




batioi^toaaotklllkdliytt 


By Sir Ray Lankeater. K.C B . F R.S 

lower temperatoie Great cold even that of liquid air 
doea not kill tbam but auapauda their life 10 tb it they 
recover with Incraaaa of temt«ceture Btiung aunllght 
kills them aome ktodi more quickly than utliers Ibey 
are chemically altered and soon killed by ttu Invtaible 
ultraviolet rays which accouipany the light raya wbkh 
act npao our ayei Tbote rays are gheu out by tbe aun 
and by many other tocaudeacent or light piodudug 
bodies, aueb aa gaies and tbo vapom of metals bested 
to the deetrlc are of eleitrle lamps. But of coutm 
tbeae raya do not to natural randlthma fall on to tim 
'bacteria whicb are eooraaled beneath the aurfsce of 
opaqne maasra of refuse to mud and bmldo living anl 
mala and plants 

Tba bacteria are not only exceulvely mluute but tht 
simplect of livtog Uibigs to vltible atruaun. They are 
Just rods or granules of livtog protoplasm with a dense 
aurfaoe and a grannie or two or a liquid bolding apace 
• ttbln They do not poraem tbe peculbir active lential 
kenid or nncleus which la dumctirlstlc of the pioto- 
pbiamlc cell unlta of anunala and pbiuta Nevirtbdpei 
they have tbe moat prodlgtous elwmlpel powers and an 
astounding variety of such power lliey do not teed aa 
graeu planto do bj decompralng carbonic arid with tbe 
aid of that ual maivel leafgrten or ibloropbyll 
they do not take uvtbon fnmi carbonlr acid end nltmgon 
from nitrates Not are they Ihultod to tbo albuminous 
snbatances of flaeb and of planta for tbo neremty ul 
trogou of their fond aa are all anliuals TIsy liuve 
vciv aiifclal and vailed puweie of digestion like those 
of tho roohbi v oasts and fungi—the colirlws pbinte 
I hoy do not digest tbclr food aa animals do by taking 
bits of It Inside tbeni and there chcmlcall} operating 
upon It 1 bdr food doee not get toto tbiiu as i1n«.t 
that of animals but they get Into It Tliey sit up 
moat remarkable and definite obemkal cbouges In tha 
animal anl vegetabk retoao In wbkh they mnltlply 
ihanges which may be aimpared with those effeiteil in 
tile stomaih and Inteatinre of animals where they are 
called digestion (Iradnslly ctwmlsts are gelling to 
know the nature of some of the digwtJon like changes 
produced by different kinds of bacteria But tbeir full 
dlarovery requires the greatest skill and delicacy of 
experiment and baa yet to be attained Tbe iliemiial 
artlon exerted by another class of minute vegetable 
otganisma tbe yeasts wben they cause fennenta 
tIoD breaking np tbe sugar of malt to the biewers 
vHt bito carbonic acM and alcohol Is similar t> tbs 
diemlcsl actkin of many bacteria Ihey teed and uml 
tiply in tbo proceai of cbemical fei mentation whicb 
they lanaa Just aa the yeait plant does rutrefactlon 
with Its accompanying fool amellbig gases snd destrnc- 
Hon of dead animal and vegetable matter Is a tonuen 
tathm lanaed by bacteria Just as the prndnetlou of 
alcohol and other bodies fiom sugar Is tlie fermentation 
cauBsd by beeryeaot 

Alt the dead bodlra and waste excreta of all animals 
and all planta on tho sarface of tbe globe are tbna 
broken up by bacteria Putrefaction and decay la tbe 
rnanlt of life tbe life of bacteria and not of death 
All bad atnelli except those made by chemists are made 
by bacteria If there were suddenly a destine tion of 
all bacteria the earths surfsce wonid be emnnibersd 
by the unchanged bodies of Ite animals and pbrnta as 
tbey died and oecnmnlatad Not merely that bat all 
tbe eaiton and nitrogen would be fixed and ' beld np ’ 
In tlmae dead bodlea—4or the potrsfacthm rausad by 
tbe bacteria la curled on step by step—until tboea 
eraantlal elements are ratnned to tbe water and tbe 
eoU of the earth u ratbonlc acid and nltrataa Tha 
green ptanta must have tbe rarbon and nitrogen of tbeir 
food to Um Btibln ilmple aolnble efaemiral ctmpouDdi 
colled carbcnlo add and nitrates. Tbay cannot feed on 
Um carhofr and nitrogen built up toto tbe fat engu 
aud albamens ol other plants and of antnaln. If tbesa 
were not tonalcnlly broken down by the becterta toto 
raitonlc add and nitrates, Um green pUnta would ceeae 
to exlat, and so would tbe vegetarian animals wblcb 
teed on «»— 1 , and Um oarnlvorons antouls which feed 
on Um vagetorlus end there wonid be an end of the 
whole world of llfhl Tbe bertarbi are tbs oeoeaHiT 
oganti for keffldng the carbon and nitrogen to clrenla 
tion breoktog the complex obemlral compounds of tha 
bodlra of anlmala and plaota down to Um simple cor 
hoaJc odd and nUretaa and so reteratog tbam In tbe 
III]111—IT date of Ote^ldty to tbe pdmarv bolldenHip 
of Wttd auhatonen-ttM gr— ptanta. 

dNudra) opaatUona of bacteria 


are the bilnglug about of uxldatlun or comhluatkm of 
oxygen nith other HUbstattoctL Dlffcmil kinds of bui^ 
torla scparahle to aome extent h> thclt ihapc and 
kinwtii aa asMi with the iiiliruscope but mura deiiily 
dangptouB by plcklug Itum out tcuni tlMli tilhiws by 
uiraiiB of lultivatlou ■mliig llicin Ilka smsI ou uoui 
lahlng films and Isulatlug tbem and ttaen touting tbali 
properties—are rcepooalbh lor different cbemical opera 
tloaa Some require the pieecnce of fiee oxygen fur 
their growth otben ran do without It (and are called 
an aerobic) some wlU flourlsb in weak odd fluids, 
others are killed or airratod to growtli by acid and re¬ 
quire alkaline fluid Bouie live In tbe soil or to the 
waters of tbe sea In rivers or poola, otben live on tbe 
surface of the bodies of plants and of animiUa, otben 
Inside lu tlic mouth to tbe toteettocs or In the blood 
and tlsaups of anlumls or to the Juke of planfai Be- 
stdra the commoner pntictacttuaa which wc tecognlie 
by tbolr unpleasant smells there is a kind of bacterium 
• hlib makes soar milk that Is, converts tbe sugar 
of milk Into lactic acid another to which we owe 
vlnegai convortlng ekoliol into acetic acid anotbei 
whlib gives fiavor to iheese by prmlviclng butyric add, 
and others produdug other flavors Others of great 
Iniportauie ais flrat ono whhh breaks down organic 
matter ulreodv made pntinreut by other baiterla toto 
ammonia (familiar tbrongh tlw amell of atablca ), 
another which oxtillrii ammonia toto ultroua acid, and 
another whl b oxldlrre iillrltas Into nltratea Thane are 
of csacntlal Importanu In agrltultnre and to the change 
of lew age and natural refuse luto food tor green plants. 

VV bile they are ubiqnituiis nml active and eaaentlal to 
a tlioiiannd ways In the world uround ua, the battarla 
liBve a moro ptrwm il Intorcat for ns w bra they operate 
on and In our Imdles. Ihov <Huae ftimautatlens and 
lirudwo \ailtua and uttvn deadly poliuna within ue 
Jhi hill Hi Inc la full of them one-tbird of tbe solid 
matter In It iMliik bacteria and tbeao of many kinds 
aome hnrmlem aome prodmlug Injurkma polaona from 
the nndlgeeie<l food wblih may bo absorbed toto tbr 
blood rbt dlataiXB known ea septic poleoUliig typhoid 
fever iholcru dlanlxca dlphtbo'la ervetpelss glanders 
euthrax or malignant pustule pneumonia toflntwe, 
common catairb hprrsT tnbercls Infantile penlyali 
and others have within tbo lifetime of manv nt ue been 
shown to be due each to a specific kind of beetartom 
prodaclng spei Ifii poisons by Its life pnxosnee and the 
rhrmicnl fermeotatloDS wbkh It sets np In tbla or that 
pait of the body 

Tbe question has ualurally arlaen—Is eatb of tbem 
euurni lus and tenlble array of bacteria a dllferent 
kind—that la a different -qweteeT Or can one kind be¬ 
come changed and altered In Its cbarotler and actlvltiee 
by ebangt of conditions so that posolMv a barmlera 
nonpolaonotn kind of bacteria living outside tbe body, 
might become altered by paneitk life aud change toto 
one tbnt la deadly aud polaon prodneing' During tho 
paat thirty voaro experlmenta and Invoetigntlona on this 
question hnvi been constantly carried on One of the 
earlier siuoieatlons (due to BOcbncrl was that the 
anthrax baclllna it tbe aamc organlani aa that common 
to liay tbe bav bacUtns which It incch reuemblea to 
term and growth Bnt after larcful expvriment the 
snppoeltlon baa not been confirmed rxperlmcnta on 
tbe possibility of altering tbe form and the chemical 
Bctivttv of bacteibi by growlug them In novel coudlthms 
have been mimerona It wan dlecoveml by rnsteur thst 
by growing certain [srealUc dlaeastHmiducliig bacteria 
—outside the body to tbe presence of exvgeu—tbeir 
virulence as pobion prodneen conld be greatly dimto 
lahed Rccentiv a paper was cooununkated to tbe Royal 
Sorletv bv Ur Revla showing lint the rommoneat bwe- 
tortnm In tba Intestine of man known aa bnclllua coll ’ 
can be rompletelv altered both as to Its appearance and 
(bemical actlvltv bv cnlUvattog it ontalde the bodv to a 
broth to which a amall quantity of an ortranlc chemical 
compouiMl known as malachite green hod been added 

1 be effect of tampentnre and of light on psrUcnlar 
kinds of bacteria os well aa of tbe presence of varioua 
chemical sobstaiieea to tha culttvatloa have been made 
the subject of experiment during tbe peat twenty yean 
but baa not advanced very tar Hence the experlmrabc 
made by Madaina Victor Henri on tbe action of the 
nitra violet rays of a meronrial vapor lamp to modify* 
Ing Um node and tom of grosrtli of the anttaraz baell 
Ina and Ita power of setting np tbe rccognlaad symptoms 
of the dIsMM known es anthrax are a webnni con 
trlbotlon to Um getMnl Inqalty 
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The Origin of the Rocky Mountains' 

As Told by Evidence Gathered by the Geolopfical Survey of Canada 


Tar elcNaliNl aiKl UKiuutaliKiw tra I whkb btirdew 
Ilia aaofaru iwrtlon of North Aintiha la made vp of n 
nambei of parallel moontala ^vwttiiw which trend 
iiurthwmt and aoatheaat iml Ihihc iwrallrl la a (an 
oral wav Uk lormiptmllng fa llt< (uaat Una Thto 
trart kuiwu na the North Anuriiau (ordllUra baa a 
width itf four handred mllm lu Moathcm Britleh to 
Inmbla 

Id an mdeator rn doHirlbe tin origin of tha Boikv 
UoantaliiM It may lie wall to iintede the dbaaoilon bv 
a ganaral analyHlM tf the North American Cordlllira 
In Cana la 1 bb baa bean admiral ly done by Prof B 
A Daly wbum mounnH.ntal work on the gaologv if 
thaw monntaliw baa Juat lawn publlabod The haala 
for tha I laaaini atlon of tha Cordllli ra la tiM great topo- 
graphk ir gaogiapbk braaka wbbb ant It up Into dla> 
Unit mountain iratema Ihaaa geugraphli braaka are 
(xprawad hi tha form of longltwlliuil vullara wbich 
nra remarkable faatnna of the rordlllira and aa far 
HM I raarnt knowladge goea they cninriilt with the great 
(trmtnral breaka on abirb a genetlr i laaoiUcatlon of 
monntalDfi ahould be baaed 

On aigirnaihlng the ( onllllera fnm thi eaat the flrat 
iBDge of the Hotky Hooutaln avatem rlaaa from the 
monobnone plalna In a long at nipt line of oerratad 
paaka flanked at the baao by a low raiiga ot footbllla 
Tbia iqmtem exteuda from Montana to tha Arctic Oooan 
In tha form nt an atongated chain tompoaed of three 
major aegmonta arranged In aahelan In which each 
aiKCeMlre nortbem afgnMiit la oa It were atepped to 
the weet Each aegnent la compooed eeaentlally of 
a remarkable ayatem of parallel rldgeo, wboea atrlke 
cAireHpoiuU to thi geuaial trend ct the mein range 
Ibe average arldth of the Boiky Mountain ayatem In 
Houthcm Brltlah Oolombla and Alberta la aboat Mxty 
mlira whUe at the Uard River It apparently Iomi Ita 
regularity and ImportaDoe only to again aanmia the 
aanie ibaraiter farther north In BrlUah CMnmbla 
and AlUrtn raanr peaka exceed 10000 fbct while the 
ai rage ileiatloo rangea between 8000 and #000 fcet 

On tbi we^t (f the Roxto MeuuUIn qratom ooenra the 
(tnat Hmky Mountain tinrh a contlnaona gaagraplilc 
bnak in gnlrcd fr m Inntana on fhr north os Alaika 
crowdng tbi liiUmatlrnal bonndary line la the vicinity 
(rf Oawwh In the aontbani part at the Cordillera In 
Canada the PurceU Bange-«n eUlpUeal abaped maaa 
of rugged moontalna occUra went of the Rofhy Moon 
•Fniei tMMMe CoaMWlw ' 


By S J Schofield 


tain tiLUch Sciauatlng the Pnrcell ayatem on tho 
laat from the HelUrk Range on the weet la the Pnr 
vll tram fa III which oonir Kootenay Blver and Koote 
nny Takt ^eat of the Halkirk Range and laparated 
fran It by Ihe Belkltk valltv lomee the Uoinmbla 
syatem Itu laat three ayatama the Purcell Selkirk 
mid ( uIuinlilN trend very iloaa to north and aonth and 
liaii e era terminated to tho m itb by the Rocky Moon 
tain matem which trending northweet aonthOMt, cnta 
them off 7 he Oolnmbla Ranke gradnally paaoea Into 
the lutirlor Plateaus iharactcrlaed by low rounded 
hUla and plateau llha upland ntretchee bavliig a mtan 
cleiillin of 7800 feet alo\e aaa level Tbia la anc- 
caodad to the wawt by tbe t oaat Range which parallele 
the Faclfli cuaot benci trending In a northweet oouth 
laot direction The ileevant Into the PacUlc la pee- 
ci|lt(aiM and manv dap florda mark Ita coataot The 
moMt winterly anhiUvIaliD if thi t oidlUera la tbe Van 
(oiiirr Range oonhtitntad by Vawoiiver Inland and the 
Queen Charlotte lalanda Tbe aouthem extenoloo of 
thla lalnnd festoon la the Olympic Range of Oregon 
BianiBuTioM or Boon 


tory olmlbu to that ut the Colombia Range conalat In 
great part of bedded rmtai of praramhrlan age In 
trudad by maaoee of Igneoua rocks of fbe granite family 
Thi Roi^ MonnUIn ayatem the youngeot member of 
tbe Cordllleia Is composed almost entirely of bedded 
rock! raniilDg from early Palaaooolc to lata OretaoBoua 
while the Oreat Plains are nnderlaln at the anrfaoe by 
deposlla of Oretaoeous and of TSfUary ago 
iHpoeitB of the last geidoglud epoch tbe Plelstoceue 
or Oladal period are scattered sporadloally over the 
entire OoidUlera 

fuiuiso or Tse ruaoous 
If we conld atand on the ondent land In (ha netgh 
borbood of the OolmaMa range In pre Cambrian thna 
to the weat oould be aemi a roUlug and monotonous 
landscaiie of moderate tellrf whUa to the eoat, aa far 
as eye oonU eat a aballoev sea tn which was being 
deposited aand and mud derived fnan tbe gradual wear 
Ing away of the irid hud by atmoopharlo ogenelee and 
by running water That thla aea woa ahallow and 
rmalned shallow till Cambrian Ume la erldeoood by 
tha ripple moika, ynud oracka rill martSi and the oasts 
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LooUni Miuth aloBt tke ruit. Note th* iteep eaitcrn aad the Rcntic wMtern iloiMi. 


atood aftw Cba JurmIo KeTulutlou. II liad bniii ahlft- 
ed tom tha OolttBibla Banff aa tar neat aa the waatam 
part of wkat la now ropmentod by tbe Hocky llouu- 
talna. 

THB OHUin « Tua MCKT MOUN1X1N ataTSM. 

After ^ bnUdlnc of tlM Janwrtc or oaily OretaoacNia 
MobntalBB. they were at once nuhjoct to deatmeUon by 
mo agandei of eroaloa. Tbe reaidti of thin eroaioa 
can bo aeen In tbo CretaoaoiH atrata of th« Bocky 
Moontatn ayatem. Fran a atndy of thoaa atrata. which 
for tba moat part an oompoasd of oonglanMratea (wa< 
twwoni pebblen) and cartwoacooua abalea (hardened 
made) with which an anodated many aeains of coal 
and' ImpnaalMiH of foaall ptanta, It may be concluded 
that at certain tlmea tbe Ontaceoua aaa waa ahallow 
eiiouab to ban a denae Jnnglo growth thrlre open Ita 
nat ddtaa formed from tbe matarlal derlred from tbe 
daatnictloo of the Jnraaalc mountain mngaa (Poroell 
and Selkirk) to tbe wont. HedlmenUBoc conttnned 
Umoghoat the Oretaceow until aufflclent atraaa had 
Bocnmnlatad locally la tbU part of tbe eorth'a cruat 
for the imnttoo of another great mountain ayatam, 
tlw Bouky Mountain fiyatem proper. For tbe formation 
of thli great tblckneie of Oretaceoua atrata. the Puroell 
and Selkirk ranffa won worn down to a low roUlnn 


going atream eudeavora to maintain Ifa cMirao to the 
aea aoroaa tbe riaing ridge, which ulferM a barrier lu 
ita ptograaa. Fnau an examlnatlou of tbe tiiina\’erau 
atreama (rf the Bocky Munntatna we ane tbe rictory he 
variably rented with the atreomn which now cut through 
the foldi and fault titocki. Then through-going ral- 
Icya, making It poaalble for the trana-conthiental tralua 
to reach the Padllc. have become tha bigfawaya of 
commerce and travel Sneb valleya are occupied by 
the Crowaueat Branch and tha main llnei of the Oaua- 
dlaii PacUlc and tbe Urand Trunk PadBc DaUwayi*. 

Tlwao otnanm are termed antecedent atnanw nlnce 
they kept their coune In apite of the barriera rulocd 
(by tho mountain uplift) agalnat their progreaa. Tlw 
longitudinal atreamn, on the other liand, occupy weak 
inrtlonn of tbe mountain arN. In the Bocky Huontahu 
they occur In arena of Cretaceona rocks which, hHiig 
composed of uft abalea, Mndatonea aud conglomcmUn, 
are moro eaaily eroded than tbe Devuno-OibonUeroua 
llmeatone on either aide. These atreoma, called anbae- 
quent atreama, since they are Initiated anbaoiineut to 
tbe moontaln building, are trlbntary to tbe thorough- 
going or antocodent stream*. Tbo pnalUon of tlw val¬ 
leys In tbo Rocky Mouutaino, In cootraet to that of 
tbe Purcell Bange to the west depends entirely upon 


slowly flown tho alnfie. With li 
ilcpresHlona would lie « 
aiiowfteld and Dually by the nfvf of n glacier. PlmMng 
action along the IwrgarbmDd would uow raphlly push 
ertmlun beadwatd. Thta acthm la well dencrlbed by D. 
W. Johnson', who doMended ISO feet Into a bergKdmmd 
III a glacier In the Sierra Neveda. “It waa In all e t a g ee 


fallen to tba bottom, nthem bridging the narrow ebaam 
and others frooen in the nevd. Clear toe bad fomad 
In the flnutee of the cliff, It bang down In grwt stolne- 


Ooor." Here be itates that for a conalderaNe part of 
the year there would be "a dally altematlmi of fr eu a 
lug and thawing. Thus a cUff would be rapidly niidar- 
mined and carried back into tbo mountain alope, lo that 
before long tbs glader would nestle In tbe abetter of Ita 


own making. Tbe Ice gripe like fbroepa any looae or 
pruiecUng fragmeut In Its rocky bed, wteoehea It ttooi 
Its place and carries It away, ... oa tba drqnei r»- 
ceiled, only a narrow neck would bo left between them, 
wlilcb would ultimately bo cut down Into a gap or col 
Thus a region of deep valleys, wlUi preclpitoas sldaa 
and heads, of sharp ridge* and of more or lea* laolatad 
peaks, la *ub*tltatad for a rather monotonous. If lefty. 


landaoape over which the meandering *1 
alnggislily. TUm landacape, In technical language, la 
called a penaplalii, and since It waa formed during Cre- 
taoeoua ttme, a Oretaceoua p e ne pl a in . 

At tb)i doee of the Oietaeeous or in early Tertiary, 
tba Boel^ Mouatalns ware formed. The earth's enut In 
tua regloD waa labed flnt In a eerie* of gigantic folds 
with their bmffr ana trending Dorthwast-aoutbeoat 
or parallel to the Fadflo coast In the eastern part 
of tijw nase mackB of tha crust were poohod up and 
aafriad bodily ormr tho iufaoe for o distance, lit the 
oan 4d Bm OKMt eoatem Uoak* seen eoot of Banff, of 
eittU DthH. Thw .tlw Bodqr Mooiptaln syitem la a 
of poffUal ridita with steap Mcei to the eori 
and iwtla aleiiea to the weit, and, In a view tram one 
ot.the Usher peak*, otromly reaanddea tbe poralld 
wa^t of the aea aa tbtff aMmooh the shore. ThU 
k kada tpoce atrUnf hy Ite p r ffaioe of the 
'mim.im M on tha-oortlMBUarn dspeo ct tho peak* 
In (tfons echtroat ta tho dopp grotn oeloiation of the 
tutUt nam 1b th* pUni* tho mow and 

ifkthatfeUaf k tbit aUi r*pc*a«nta the fbtm on the 
a)^ tha m*S ttiM tha ooot dtPte 
otv.^ntb Tsunr*. 


««^¥eM^uarim tbo hoglim^ 





tbe atmetore of the mountains, that Is, tbe drainage 
bi Impressed onucordont wtrii tbe folding and faulting 
of tbe underlying bedded rocks and bence tbe valleys 
belong to one cycle of eroaioa. In contrast to this, tbe 
drainage of Purcell Bange la entirely Independent of 
structure and Ita blatory can be referred to two cydes. 
In tbe flint, during Oretaceoua time, it was worn down 
to a peneplain, then upUfted concomitantly with tbo 
formation of tbe Booky Mountain iyaten. Tbh uplift 
rejuvenated the streams, which again eroded out tbo 
present valleys whldi o*n be referred to tbe second or 
Terttaiy cycle of eroaioa 

a uim T ui iwo or raa MooiiTaiRS ar eLMiaaa. 

Tbe Anal molding of the Bocky Monntalna Into their 
present form la due to the woslve aoUco of lee. An 
examination of any area within these mountalna would 
show that tbe haoda of nearly ell tbe atreama termin¬ 
ate In a baantlfnl lake or tarn nestling In a rock boala 
llie boolna bra called dapma and owe their origin to 
tha wort of snow and lee. ne conDgaratlon of tUt 
motnitaln tract prartou* to tho Olaekl period wa* natu¬ 
rally markod by InequalUka In tbe npl^ stretobaa and 


arrival of th* Olaolal period, would not eomplctriy mrit 
during the auamnar numth* and would eoattona to col- 
lact unttl, wttb th* praolpUatloa la tbe wintor far ex¬ 
ceeding evapoaatloa Ip tbe aummer, tbe ooUeotton of 
ka wooM riowly move down tho alopo* Into tbe valleya. 
■nw Inoikb^MOi whKk would be filled wUh now would 
gfidaalk aBlaitaa b^ toe movemant of toa watar anda^ 
noato to* bkrir and vm by toa aoow KmU w tt ereiit 
;; *R' li^' ^a ii i iisa f swias. W 9, laaa, ^ lea, 


highland." 

From tbe above deecrlpUon it can be leen that toe 
detailed beauty of tbe Bocky Mountain system with Its 
castellated crags, horai, cols, aretes, and drques, la 
not dne to tbe forma orlgliuiUng with tbe building of 
the mountain ranges; tola m«^ placet tbe foondatloa 
for toe anbeeiineDt auperrimetore whldi la created la 
Ita main fmtllnea by the eroslou ct Tunning water, while 
tbe flnal decorations are famished by the artistic touch 
of snow and moving Ice. 

KTploofcw at aa Electric TnaalionBer 

Tnx exploahm of a large electric ttanaformor In Bouth 
Africa appears to have developed a new fhet that waa 
not betbro known. In taking down the tranafWmor for 
repatn toe workmen proceeded to drain tha expnnaloa 
tank located above toe tranaformcr of the oil It con¬ 
tained, and before doing so a workman held a lighted 
match over a eight hole tn toe tnnk, when a eevera 


•xploaton occurred that ritber killed or severely burned 
every man preaent, borides setting fire to everything 
Inflammable In the tranaformer dmrabor. As the oil In 
tbe tank wan not above 8d deg. Omit, and Ita flash point 
waa 140 degrees, the gas that cansed the explMdan 
could not have been oU vapor, and experlmenta wore 
inatitnted nring extra high tension diadiarges midw 
transformer ril. Samploo of tot renltlng gaaos were 
coUeuted, which, on anolyale, proved to contain at least 
62 per cent hydragen. It b evldant from tUa experi- 
enoe that great can should ha exorcbed not to allow 
a naked light near tranaformae oU tanka or oU ewltebm 
until they hare^boea thonogUy vontUatod. 






SOENIIFK Atom 


Protection from Earthquakes* 

Principles of Location and Methods of Construction Found Desirable 


Altuocuii tha dtiflnitn prodinlion itf varthquakes itill 
proaenti aorkiua dilBaultira, wu have, al loait, loamad thu 
iocatlou of tha aeiamk; niginna (if tho globe, alid, in gener¬ 
al, tbo dagme of inatabillty of the noil theruia. Hmoe 
arUeH tha aapital quaatlon: Muat laiainio regions be 
abttodoiuid. or are tharo ineans of ensuring the lafety of 
their Inhabltsntar Tho aliandonment of aueh eouutries 
is, for material reasons, impiBotinable, but those who 
dweU in thau should give he^ to the faBti stated below. 

CBOICH or A BUIbDINQ SITB. 

The iooation of a building in a region eubjent to eartb- 
quskes ie by no means a matter of indifferenoe, for with¬ 
in sueh regions some distriets always suffer mon aevoro 
effeots from soismie shoeki than others. Thus, during 
the gnat Lisbon earthquake of 175& tho lower portians 
of the town, built on alluvial or imoompaotod tertiary 
luil, WOK devastated while the higher qnartm, built 
on basalt, withstood the shonks quite weU. At Alx-la- 
Chapelle, In 1877 and 1878, deatruotlve effoota wm 
oonlined to the pert of the town built on a loaaoly oom- 
paeted ahalk, while the quarter built on Ifaneitone did 
not luffer. At Toklo the hl^iar part of the town, built 
on the rook, almost tlways suflan raueh leal from eartb- 
qnakaa than the knrar tosm, the soil of whkih is aUavlal. 
Many other illuitraUeiM ootdd he eited. Some ex- 
aeptional oaiui admit of special explaaatlona. 

Bdlla wmaistlng of alluvium or ddbris, uhen Hut Msur 
•H a MTg Ikieh lat*r, offer an extremely favoral^ site 
for buildings. The reason li that they sk very poor 
tnuiimitten of aeiitnio waves, which arn propagated in 
them with as much difflmilty as sound-waves in sawdust. 
This is true sQaTlal strata whether lying underground 
or at tha aurfhoe. Examplei are found in the plains of 
nurthera Omnany, the Rumum steppes, the llanos and 
pampas of Sooth Ameriea, and the paries of Arkanaai, 
when eeiamio shoeks an ahnuet unknown. These re- 
gknia are, fM the mutt part, oharaaterUed by the gnat 
thioknaas at tbdr alhivlii deposiU. 

On the otiier hand, it sueh strata an shallow, eoii- 
aideeable movetnent will he felt. This appsiont oon- 
tradlo^ may be explained on the analogy of a mass of 
sand into which a oannoa Is and, aa in eulaln artillery 
testa; ff the muM to thick it deadens the impaot, whDe 
a small layw or pile of laad to leattered in all dlrootloiia. 
Hewn one ehoold aspeeiaily avoid plaolng a building 
on a thin layer of relatively kxNe eoQ overlaying a thlok 
and solid stratum. 

Ossnrally speaking, anything whloh intemipts the 
homogeneity of the ground tends to inoreiee the shoeks 
transmitted. Loeatlon should, thmfwe, be avoided 
at the junction of two strata of vsiy dlffnent material, 
as well as the vieinity of geologioal faults and the brows 
of cliffs and ridfM. In sueh locations an earthquake 
produoas a phenomenon analogous to that which to seen 
when a violeat blow to given to tha Hist of n series eff 
billiard balli, lying in eonUct with one anetlMr; the 
shoek to transmitted by the Intermediate halls, but only 
the one a) the other end of the row to set in motion. 
Villages and buUdliigs penhed on the ride or orest of 
steep hills suffer severely In earthquakes; the superiMal 
layers of tha earth play the same rOU aa the final UlUard 
ball just mentioned; oven soUd rocks may be thui cracked 
or broken Into fcaipnenta at tho lurfaoe; long envtasM 
an formed parallol with tho stcop face of elifls; and sooner 
or later landalipa oeenr. In a similar manner, the banks 
of riven may oidlapee, canying down and deitroyhig 
housM, roads, sad enltivated fields. These facts illna- 
trate the danger incurred in liutalling buildings, conduits, 
roads, or railways along etcep esoarpmoats in oountriei 
subject to oarthquakee. The eamo considorationa apply 
Ui railway embankments; they need to be flanked by 
Very strong cunstruotions. 

To sommatise—in “earthquake ouuntriee,'' or even 
ngions of ordinary selsmioity, it is advisable to avoid 
placing houses on lofty elevationa, when the amplitudu 
of seismic vlbntioni will reach a laariwnm, or on the 
sIo|Mw of hills rad mountains. Plains rad inoad valleys 
offer a preferable location. Between two kwationi on 
looso stul, one should choose that in wUeh the loose soil 
has tho greater depth. In all eases one should take warn¬ 
ing from the history of previous earthquakes; it should 
nevor be forgotten that it is dangerous to buUd on the 
spot when a well-eonstruntod building has been dsetroyed 
l>.v an earthquake, since like causes will again produce 
like efle^ 

rouuuATiijNa 

The question of foundations is very important. Shall 


we build on deep fenjtdatiotis, extending, If passible 
down to the subjacent mokT or shall we rilmlnate 
foundaUona eltogstlur. and permit tha buUdligt to rest 
dlrootly on the ground? Tha expsrisinsa of earthquake 
Muntrice fnmtohw the aiMwer. 

It haa long been known that saismle vibrations have a 
mneh greater ampUto^—in fact, about twlee as gieat- 
at the lurfeoe pt the ground than at tha bottom of aa 
excavation tome 10 bet in depth. It to thereforo necee- 
earj to rink tha foundationa aa deep aa poaaible, and 
alio to toefaite them from the eamnindhig sod, in order 
to free them ftom the vilmtiona of largest ampUtude. 
Thus at Tokyo aevenl Urge boUdlagi of the Imperial 
ITolveriity teristed perfectly a number of violent aarth- 
quakM when nei^boting hnOdingi, eonstnioted of 
equally aoUd maaonry, were partly daalnyed; invest!. 
gallon provad the different eff^ to be due to the fact 
that tha huUdlngi of the univendty bad much deeper 
foandationa than the others. 

Whenever posribla, tim fourkdations should rest dl- 
reolly on the undmlying rook. The rsgnlatioiw drawn 
up for tits Uand of Isehla after the dlsester of 1888 
provided for caiea in whkih tiie rook lay too tar below 
the surfaoe to be reached; nndor sueh cnoiimslaaoee the 
building was to be erected on a maaonry or euBente 
platform two feet thick for a one-story building and 4 
feet thlok for a two-story building; the i^tform 
was to extend from 3 to 5 feet beyond the hoae of the 
building. In Manila tho regulations provide that the 
foundations shall be strong enough to support twine 
the weight aotually plaoed upon them. Whmver the 
underlying ground is unfavorable, tho foundation of a 
building should form a uidted whole, so that tho dlffennt 
parts iff the superstruotoro may be lubjeoted to the same 
shocks. Cases are eonunon in which dtoaslrous effects 
have been due to the faot that various parts of a struoture 
did not undrago sbaultancous vibratJons. Many re¬ 
markable examples are found in the hiatory of railway 
bridges, as reooidod In the reports of Omori rad othem. 

Regulations in force in oonntries subject to eaitb- 
quakes permit the oonilruotion of cellan, rad even of 
vaulted oeilingi therrin; but these ceiUngs must be “full 
oentered." Above the ground vaulting la always fotw 
bidden, as it tends to spresd tho wills. 

Milne alao mentions a method of making the building 
Independent of the gronnd on which it rests, whloh con- 
Bbts of ptaolng it either on east iron balis or on two sets 
of iron rollers at right sogiet to oaoh other, theee reeting 
on a floor of ounciete. 8uoh amngeatents would, how- 
evor, be suitable only for very imali buildings and would 
provide no immnnlty from vertical displaoemnits. 

It has often been nutioed that erovioes and eapeeially 
oaveras in the ground oppose ra obetsele to seiamio 
movements. In Hutu Poniingo deep eaeavatlons are 
made in tho ground near boniee to insure the stability 
of the bittar. Pliny hriieved that Rome was proteotod 
from earthquakes by the Cataeombe. On the other 
hand, it should be remembered that mbtamnoan gal- 
teriea neoeasarfly diminish the strength of the ground 
and introduce a new danger whioh to eertalnly not eom- 
penaaled by their diminished capacity for tranimittiiig 
aehmle waves. 

n«etioally, in legknu where wutbqiiahae are not of 
extieme vioienoe, it will suBee to build foundations 
very deep and at toast twice as thick as they are ordl- 
naiily b^t stsewbere. If there is a vanlttd cellar, Ito 
roof should be (ull-oentersd. Only the beet and strongset 
mstirisli should he used. Foundation wsOs Increeriiig 
in thlekness with depth are sometimsa sonployed in 
Japan, and ean be reoonunended. 

waun Ain> onnmaTa. 

In most cases it to Un highest buildings vriiieh suffer 
most sererriy. The reeson Is obvious; if we ihaln a 
young tree ^ gnspfaig its base, ws shall ise that tha 
highest btanehn undergo the most vldont movsBMnt. 

Various Ngnlatloni as to tits height cf bnUdlnts and 
the niunbsr of stortoi have been promulgated in eartto- 
quakeoauntrias. In Manila only the wallsof the grbund 
floor may be et maaonry; (he leoond atory must ba of 
wood. In erdm to dimlalab the Wright of matsrial tiie 
use of hollow hriiffm to to be reeammended. 

reotaagle. It to Impdctont to prevent tho sepat uitiwi Of 

of Irim frames and buOt fatto the inaaoriiy hays 

been piopoeod to pcufSvt Mth Nparation. Utoegrtslri 
tltotahouinforBdngrari^soInlcilFrigMeiM&idsfctl^M 
box would bs titoideri pbUhbotttirouMbesgjttil^'' , 
dllltoult of realisation, ri«ttosia8y,> tiie tMS qt 


buOdiiigi. Ima built into maaonry does not tpon U 
homogeneons whole. WaBe and iom 
wltii inetal tie^nnma nnqr not vibintobi.imtoqn, 
to one of the moat amious emtaea of dtogstsU. 

In J^an the light bentos of woo4 and pa^ 
oompatotively Uttia fajuiy, and tin daat^.VtoiM ba 
still less If the walls wei«fastsnsdtoitoa)toa»'<te bbMna 
with wooden girdsn. In 8antorin the peapla Aasto.tf|ha 
fauinsmosial eonstenetid their honsM In 'the foam «f a 
monoathle box, without bottom, shaply Mrtl^ m 'Mp 
cftbegioimd. Thayambnfltofaklndoteegtoii^'aimafab- 
lug of Umo and srtohed lava. Openings aca ndnaaff to 
a mlniiuntii. and ilm vaulting to vay tUriL Tha ioois 
oraek wHhout faffing. 

In rwent ytois the use of re-egforosd aoneaata haahasn 
widely reeanmended, and it to certain that ip this foam 
of ooiutmeUoa tha problMns satin to ba lolv^ shfi ati 
parte of tha butldiiit-irMhi, orilfafi and ffeon-aie 
tied together. Re-nfoteed oonerete has 'Imb maeh 
used in te-buUdliig Baa Ftaaetoeo. This mqde cf vm- 
■tniotion to still so naw that we cannot pniMnaw de¬ 
finitely in ite favor, but It to highly proMila that buffd- 
inga thna oonsteueted would nisrely fraoton or enn^de 
mete or Iom without telling, and this Would ba a real 
advantage to theb oeentpante.' 

The openings in the walla are polnte of wealoitoi and 
are often a oaaae of ruin. In My the regulatkma 
qulK that titato shall be plaoed vertically om shove tha 
other. This is an nnwiw lula; a wvQ tat wUeh all the 
windows are in Una vertically to virtually divided up 
into sevetnl parte and loaea all powM of reriating ahoeks. 

Milne, on the eontiary, ncommeoda tiiat no two whtdowB 

be In the same vertical Une, regaxdleii of the numW ^ 
storUe. The doors and windows should, moreover, be 
plaeed at some dtotaneo from the angka of bnUdiags. 

The ihape of the openings to also of much Importanocw 
After tha earthquake of 1885 in Tokyo, a esnfal examina¬ 
tion WM made of the European buOdingi in the Ointo 
quarter, rad It was found that in aU oaaea tits windows 

in whieh the arohos i]»ang sharply horn their abutmenta 

had araeha lunning from the angbw, while in tiioia in 
which the arohea ourved out gently teom tiie abutmanta 
thero were no ecaoka, eseept in cases where the anhea 
supported baloonlto. This exan^de alseily imHff t f s 
that only round-anhed windows are admiastbte in a me- 
Bonry wall. Stone baleenies should be rigidly prohlUted, 
as under shook they eraek the walls or may faU upon the 
heada of people rushing from their houise. The smin 
remarks apjdy to Muamental stone oornieee sad belua- 
trades, and to heavy oroamente on odlingi. 

Btairwaya shenld, w ter as poiriUe, be ind^endont 

of the walla, aa otfamwlto they play the lame dtotruetive 

rflie to halemiles. Chimneya have bton the of 
many aeeidaote. At Charleston, in the earthquake of 
1886, out of 14JX)0 eUmneye, 18,900 feU. It to a good 
role not to let them extend above the roof; they ean be 
prokmgad upward by means of a lliri>t aheetffron pipe 
supported ^ somewhat slaok guy-wires. Tha body 
of ^ ehimiiey riwuld not be hoflt into the waB, whieh 
it would to enek in an earthquake, but may be 
piaoed in eonteet with it. 

Aa to maaonry materials, theaa shonld be of the very 
beet qnaBty: and fat tiie aupentraetare pcefenwie 
should be given to materiab aombtning a of 

reristanee with a vaMatuna. of weight. In very many 
oaaes- where housee sumUe at tha lint ihoek of aa 
earthquake, the blania may be laid entirely en the fa* 
feckir quaffiy of Aa maMial, or a ffefaMva -"TmMiBn 
of stonas and hriek; hi riiort, upon the ne^ of tha aiMt 
elemen t ary prinefi^ qf eonsirnetian. 

nxim am rqiaat. 

Bowaver, lb tita totem of my invartigatkm hi-fftowi 
enpa afWr tha aatthquaka of 1008 I ahaerved atoniy 
aagia in wUth vegyt adlldly outetmotad 

tite^ Stl^SL uftorte 

wave, Iha jehte were pnHad out at thrir aoaliato arid titr 

oriUaipi daMrinded ini after tiie abbn^’i^.itojHt. 

wUdi. in Mftua ef Mr mUfT, t^ to^mM 

ttalr :eqnll&tfam,' 'w«% qUf|t*d te;ii^Va , 

wqdffadlhritrearanrqftitetbaatea. 

tq-^M fact ti^ M b'rtto. jotote m 


SOSNTmC AMERICAN SUFFUMEOT^ 


^ ^ lnil1M4« at *• nOl. taMMMl o( pMfaiff «■ 
tMV thnoi^ Oa )aiM HWa*. b an awilMinto. 
4Mi tHriaoa Moilw bn M t(v of OM Miirthff iimb tba 
TC^b- ta «te to pro mt tha, tte bom tbaniUl ox- 
IMA tbraagh Mba walb obA Ffojoet a foot or Bum OB tlw 
OMbUa, tatotac » ntt of eoriNHBc or Waooy, noh u 
«* toa b oiau aatboTol howoi. 

Analo<oaa prbntpiw ihoaU (nUo at b be eouttne- 
bmotthoioof UboHTtoatalllwtirthe Utter It 
tocp Wtp, wImb an earlliqtokke oooun the whole moT, 
to Tvtae of la battU. will behave like the ttoady matt 
of a aefm i g ap h , 1 a, it win sot partMpate b the 
moveneot of the buldbc bentath It The leanlt w 
that UUmt the walla, to thbr otwnattoD will dip away 
tcoto the baaBaanpipaTtliig the root permittoc the Utter 
to bn and earty the edlllee with It, or the waUt will 
have a teodenoy to break halfway up, owmf to the foot 
that thev upper pardona, whiah are fattened to the roof 

the roof thonld by all maast, be made at tacht aa poed- 
Ua, and It will be neoettary to abasdon eosventioiial 
tnOdiBB toethoda b order to efleet tbit 
The naoeanty of doing to wiH appear from the fdbw- 
totUgncea Booflng of flat Boifimdy tile fora bulduig 
lObySmeitoiiaSbyiefoet) would wei^g 900 pounda 
It wo uw tho lifter meohaaleal tde the wdibt will 
ttn ha between 3,000 and 6,000 pounda Theae figima 
do not uwlnde tho wel(d>t of the woodwork of the roof 
A eUto roof. though hi^itet then tile would woigh 9 300 
pounb, not meludtag the wuodwork Evidently with 
any of thaae mattdalt we pUee an enonnotti weahl on 
top of our bnlldiiig, end it wiUnotbe aurpnatag if aeumio 
vibratbna eaaeo a rupture between walla and root 
Tha remedy haa been aonght b tno or galvanued 
boo, either of wbieh weighe about ono-dght aa mueb 
aa liat tilea The weight d eueh a roof of tbe above 
dmotnlona, would imt aieaad 1300 poundi but ita uae 
baa eanooi etruotml dlaadvantagei A metal roof u 
iubieet to defbnnatlose due to boat and ootd and the 
greatoit proeoutioiie mutt be taken to make tt water* 
tight Moreover thaae roofk ere very hot in eommer 
and eold m wbter, ao that one or two falae ooilmge mnrt 
be iifed "Idee tiietn ud thn meoas added wel^t end 


aatronee of temperature a better plan would bo to 
adopt the tyetem of bemoh' oosutruodon popular 
b Italy Aoeording to thie pUn a ftaate of wood ur 
netal u lUUd up wHh ae bght wiUi aa pnmble <on 
eiitoig of hollow fanoln or other mate^ of Hlight 
dainty 

Two unportaat pnnoiplM ehonld never be forgotton 
b any form of earthquake aouilzaetMa ni avoid 
weight of material uoIm looompaiiMd by a noiree- 
pondmg degree of lohdity and aeek to nmto to lightiMw 
and etrangth a oartain amount id rUatieity 

[Farther mforoiation on tho inibjoot of earthquakn- 
proot oonatniotion will be found m the following work* 
i Milne and othon (onatniotion m Farthqnakf 
( ountnoe Iram SeumulogioBl Bin Japan volnme 14 
J Milne Heiimolocy London 1898 obaptor viu-u 
Monteenu do Ballore enonolngio moderer Pan* 
1911 ohapter xx U 8 Oeologual Burvry Ibo Han 
Ftnaeiioo Eorthquaka and Fire and thor FffeoU on 
Stroetune and Strooturel Matonal* Waahington 1007 
Alio numoroui reporta in tho PubboatMu* of the Fwth- 
quake Inveetigatnm ConimHtM in Foreign Lnaguago* 
Tokyo — Eoitob 1 

Tbe Caiuee of Solar Heat* 

By A. Veronnet 

Tnira different hypotbeoea have been odianrod to 
ovplaln bow the ran hen for ogee Iwen emttitog mb 
etantlally tho moh luanllty of beat vie by obt.mlcal 
reoetbo by lutra atomic enernv (ouob av la exhlMtod 
by ladlom) nod by the attraction of gravitation Home 
predaa ealcoUtlous booed upon recent data Mem to In 
dicnte that the litt theory advancrd bv TTolmhollr la 
the one that U moat tenable 

Tbe eon oiuito abont SIO** calorlia |ier annom and ita 
maea la 210^ grammra Evan M tbe maximum calorlDc 
capaclt} be placed at 1 Ite tempentnre would fall by 
at leeat 20 deg Cent (40 deg tabr ) each veer But 
tbe average temperature of the earth meaauretl In de 
greea abaolute la directly proportionate to the tempera 
tore of tbe auu Lot ua take 60QU degreca and 29H 
degrees obMlute (20 deg Ont) aa tbe aTorH|.e tern 
penturea fia ann and eortb It may be caliolattd that 


I aoui^ for a kmg tune a roidbig material that wae 
free from oil thaae disadvantage* In twloe budding 
my obaervatory 1 needed a ooverlng for tho dome nnd 
the roof that would coiohiiio hghtiieaa end aohdity, and 
I found thoN oondltKma realued u a matorUl whioh 
althouidi not new li Um well known than It doaervee 
to he U U oalled ' ruberoid and U a aort of woolen 
felt, impregnated with a dmple wateriwoofliig oompoai- 
tun It «""»« m long ndla and u equally imtaUe 
for 6at and alopug ro^e Moat of the new wooden 
buiUugiatMeiniia emoted alnoe the gnat earthquake 
ate oovmd with tbu maUrUI whioh la not alfaeted by 


tbe eertba teffiiieratare on Ihi aarfOce would fall to 
0 deg Cimt <H2 deg Fnbr) after tbe abort period of 
Ids yetra If this heat la not In aomo waj replonlabed. 

oitmlcal Kivctum —Tbo comleoMatlon <f vapors and 
tbe fonnatloD of chemical iomponiidM cun jccar Mow 
(mly the critlosi or dlaMctailon temperotore which lot 
tec la very near S000 degrac* or 6000 degree* for heavy 
metale tod refractory oxide* vroa no known efaeinlcal 
reaction eon develop SOUO calorUa imr giamme (tbi 
maximum of 4 TOO dogrees hi obtained by tbe combni 
tluo of lUbliiui) Tbe entire mass of tbe nun would 
then be abb) to aapply tbroogb condenaatlon ur i imboa 
tloa at tbe moat SOOO X 2IIT calurieo or oufflek iit brat 


A ooverlng of ‘ robcroid' for a roof of the dlmenaiaiia 
meatioiied obove wmglii yoot 300 poands 1 e, about 
1/66 oa nmeh oa one of ordmory tde end 1/30 u much 
aa one of wiMiMlaal tde Wban 1 odd that, by boUd- 
tag tbe roefilat. ire do aw«y with the beavy tnnbotag 
natdod in a ilopod roof. It wiU bo aoen that too um of 
tola matorial ta idafady mdioated for earthquake oountnes 
The uta of a bortaontal roof not only oisure* lightuea 
bnt aiao obrlatot one of too oonunon dangoi of earth- 
qnakaa, when many pmma am hdtad or uqured by the 
tan of tfloB and atataa from ihijniig roofa Whatever 
epTotag motma la adi^ted, toe imiiU of tbe root 

ihotdd *«tMid from IM ta 3 foot hoyond toe woUi 


for 3000 yeaia 

/afro Atomic of DfctmpoiUioii —Tbla U much 
greater (ban the ooergy of comblnvtton but It* effeeta 
ore aim mueb slower altbougb it amount* to blllloni 
of eolotlee per gramme It la admitted tiuit nil sub 
etances are vubleet to nlow decompealtioo liberating 
tola Intanwl energy lu ibe prneem but tbi phenomenon 
la perceptible only Id tbe lOw vt radi >active aubataocea 
end la moat pronounced for radium It la know o from 
the Utoat calculatloiui (table iMsned Id i i Hadium Jan 
utry 1914) that 1 gramme of radium liberate* 182 
celorlee pw hour let ua say 1210* calories per annum 
In order to accoont for tbe radlatloD of tbo aim It 
would be ncceiNry to easume Its radiom ronteot to be 
4210** giammes or 2 gramme* per metric ton which 
la a higher percentage than that of tbe rhheat known 
mlneiml*. 

Bnt the activity of radium dacreaaaa witb time and 


to enel ataaga and Mtaly buUdtag oc a medaat dwdltag 

I» toa tamar awa we naot endeavor to aoeure greet 
llWdtar by tha VB of tdaUvriy heavy xtailarial The 
fnnoilaMlilrf wffl b* sad daeAi the naaonry very 
OdiMaAF Igjd. oBd toa iralb ieatir*ly.J(ltoad rt 
H toa ta vpaHad. tlM vaultow moat bo fnllr^ 
agAtwytUak 3Ma ■fcould only to two atonot, end 
toa ^ fUfpottoig too aaeond wwt at laaat run 
ytotto of toe walla, to prevent 

toMt ftWd Ipoaa 

olMmdlhaadHdi^ldto wtot hre tooi acid above 

wfto drtandtog beyoml toe wani. ta 
to aktetolitotaB toe nppo'story toe tatter 
SER M^ThStaw tatato BteutliiiUe 

dto* df 

to f WW , k4 «• ttoolA aoto to eoB- 
Aakdatoo 
yrt tagito ^ ^ wW .^waga 


would be reduced by bolt after aome 1 700 veera (8 
Ifeyer Hltsb Wlaa In Wien Xarcb 1914) and this 
quantity of radium could not maintain boat and Ufa In 
the sun and rarth for over 2000 years unicaa It could 
ba renewed It to true that uranium la tranafonned 
Into mdlam the conataot ratio betwem the two anb 
staneas betug about throg tima uranium for one giommc 
ndiiim after tbo ealeuUtlana of Hlrutt, Bve Oove and 
Boltwood (tht oontaancy of tbi* ratio I* however 
called In bneodloii by aomo calculatlaiia of UIbi BUeo 
Oledltseli. Oomtteo JtoadM volume cxlrill 1900 paga 
14B1) Aooordlng to time Ognrea tbo whole maas of 
tbe aun would bave to be composed of uranium to order 
to keep the necaeoary qnantitv of radlmn conatont due 
tog a aufllelent length of tone 
Beoldai, tbo alpha raya of radlnm may be projected 
from hellam, at all wrents radlnm la tnoafonned par 
tuUy Into bMan and l gramme of radlnm auppUea 
yearly 108 mUo adUtaoetcr* of beHnm or 2810^ 
gramnea,toteUiirwtthl2i(f eaiartes Tbo iMwdncUon 
of 1 gramtof oC heillum oocceapouda with a reteare nf 
lAKF A8J(H-i4AKF' caloriaa If wa are able to 


eatliiiato tha quantlly of radium to tha aidar atmovkare 
wc can tboa obtain tbe tmount of hast whioh the 
radlnm contained In the son baa been aupplytog 

It baa been poaelble to determine tbe pceaniM on the 
surface of the sun or at least above tbe helium ooni 
tbrnugh tbe dlapIaceoieDt of tbe lines of the revtoliig 
layer Uulason and Sabry (Ootaple* Kondtu Ifarib 
ISth 190U) eetlmated this preeanre at 4 to 6 atmoi 
pheie* Jewell Hnmtdire}! and Hohler (Aafftmoaaieet 
Journal volume 111 pogn U9) place It at 2 to 7 at 
moaphen* Fverabed (hodalkanal Obaervatory No Ih 
1910) caliolate It to be a* low as 013 etmoephere oo 
an averagt. I vl n* concede a maximum preaenre of 10 
atmospheres giiivlt) in the sun belog twcotj-eight UmcH 
a* great a* It la on the earth llie whole atauiepbire of 
the BUD most have a nia** of alwat 10 38b,08B UIo 
grammo per sioan eenrimetar (almost S pounda per 
nquan Inch) that k to Nay 740 010**->• 210* grammes 
Suppeatog It to (imslat entirely of beUom It wonhl 
(.orraapond to the liberation of 

J]0*4810» *801(1* coloriea 
which nspnoenu heat enongb for only 110 yeoia. This 
la the unxlmum supply of ndlma. 

Bealdca, (ho percentage of hellnm to the solar atnua 
pbere 1* rather low aa It doea uot give any Mack Une 
Id tbe apmirum and ita aboorptlon la not marked It 
la probable tbe above figure ought to be divided by 100 
or JOO It miiMt lie couclnded tharetore that Istra 
atomic viicrkj cannut havo noUceably Interveued to tbe 
laaluUiiaiHe of aolnr boat 

(travitaUuH—li baa been snggested tbat meteorltss 
dropping Into tbe sun or the fragmonta of a comat may 
be Tespcnudblt for sobir beat But while the maaa of 
sun wonld Intieoiie (he time of ravointlon would de- 
cream Taking Into are ount Kcplir* third law and tbe 
deireaae In tbe amonut of motion we eeally obtain the 
tormnla M*rconstant The oldest otia et rations show 
that the rear Is deemiHinR bv OW aecuiMl each ceulurv 
Vttribntlug tbla variation aolelv to Ihc Imteaae of tbe 
mass of the sun and dlffireulUttng the fotegotog fir 
mulH we find 1 BT10* gnimmm as tbi. maximum an 
nua) incieaa* The energy produced by a maaa of 1 
gramme railing on the imrface of (he aun may be calcn 
laled aa eqnal lu 210* erg* and tbla incream In uMuai 
piuduiiN at tbi moat blO* caloriea per annum or font 
hnudml time* Irna than ocmiNary (Or Ibe malntcngnu. 
of Holat heat 

lliuce there la but one bypothrala left—tbat of tha 
keimratlon of beat b> tbe cootnetlon of tbe son Itself, 
md tbU alone can and must acionnt tor all tbe beat 
the *UD I* radiating This contraction cnold account 
tor an amount n( nicrgr or work equal to twenty mil 
Ilou Hmca Ibi nmnunt of coerg] the sun Is ndlatlDg 
every yenr at prenent Ibl* morcovir Is a maximum 
end It luiH bOLU *bown ((umflrn Hmint Febrnsr] Mb 
end Zird 1014) tbst, considering the toct tbat tbe 
radios and timpi rstnre uf tbe *uii were both greater In 
the post It must be edmlUed that radiation and hsia of 
such heat requlird o Uttle less tbsn two mlllloa yean. 
The sun In Itv present condition and life npon tbe 
cBitb laii be traced back about two million years. The 
Cl III lusloii may therefore l« drawn that tbe lenipen 
tore uiion the earth will not tall below il2 deg Fabr to 
Itaa than two ndlllon years to come a period which will 
undoobtedly be prolongid by the toct that ihc eortb Is 
drawing nearer tbe aun 

It la true that geologliita claim one hundred mllUoti 
Tears and more to bave been Deceiaar} tor the fornm 
tloo of tbe geological atiata Dot are measuring 
erosion on tbe beat* of the present eanses acting with 
present Intensity Rroelon la caused by the heet of tbe 
snn which produces cli od* and rain We bave here a 
sort of beat engtoc and we know In euch a caae that 
tbe more powerful this engine Is (be greater tho reHolle 
1 be contraction of tin enu allows ns to dispose of an 
amount of bent i iual at the maximum to twenty mil 
Uon Ume* that wbli.h it la ndlatiiig at prewnt per 
year aud admlUlng that this brat la spent over two 
mllUon ytar* Instead of (went] mlllton wi must mul 
tiply tbe powir of enmlon b\ 10 (see Hermann Uypoth 
csss eoamogi nl |uca moderne* 1914 page 139) It eon 
also be admlttid (hat tbi product woa mnlllpUed by 19 
moklni, tbu* erosion w irk reiual to tbat which wonld 
require two hundred mlilli n jeers tbe preoont rate and 
calenlatloni of Imtb geologv and celestial mechanics will 
thns be made, to agree. 

Electric LighUnf on American Raflwayu 

The statement wa* raosiitly made that the number of 
con on American nilwava lighted by clactrldty had 
Inrrenaed from abont 11U00 to 1911 to nearly 19 000 
In 1914 a growth of TJ per rent The graataat port 
of this incresse uses tbe storage bettery and axle gen 
erator avatem while the head-vud liistmllatinna Imvi 
Inereosed iHit one third Ibis amount Of tbe nlorage 
ImtleriCH there are In uae about 200(100 In d battery 
itll* and 82000 of tbe nkkellron cells hot thl* latte 
fignn ropraaoni* ou Incnasa of six tlmoo In tbe lost 


twoyoan 
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TIm CUOB Ball Tree «f Ttopical AbwHc* 

Thi cunon ball trw (OonroapMa fabMiua) U one 
t tba molt ciirkwa tnei In trotteal Amailca It Ja ao 
called becanaa ttie trait reaemblea a caiuum ball A1 
thougb tba traa la aometlmaa ntmtd to in botanical 
Utaratnra aa the bullet wood or nutmeg thaae namea an> 
almoat nerar applied to tt hi the region a here tba trei 
growa. Iba Fiencb have named It arhre i hombei b ta 
balls and boulet de oaNrn and the popular German 
I amn ate kanottiabalUaant and tsaoaeiilrabelbaam 
Pba camion ball tm mav be anhl to be large bnt It 
(Idea not vie In lu Ight and dlametir wllh the majorlt} 



removed la ottaa oaed In trastel Amarten iw dowiatle 
purpoaea aa a ea lati aa li Ibe pulp wbtcb ngROunds tta 

ends poaaaaMs an afFseaUa davde. ud WiMa naarlr dp* 
la often emploped tor making a catnaUng drink In cage 
ot tevor Thb pulp opotalna ngar gum and 
citric and lartatte adda Tba over emtued tmlt paa> 
aeaaea a very dUagnaabb odw whhb la remarkable Ibr 
Its penetntlng tod luting pNgMcOan. rbt aeada ot 
nbleh theta are a great many In aaeh tmlt, are flat, 
dtcular and Mtlmr laigw than a dime Ttaay are Im 
bedded In the pulp trena which they are caatly scfai 
rated utnn matnrity Aa wlB be man in the acoom 
paaylng lllnetratiou tba trait la Dome In clnitaia on 
(ha tmnka and large loarer branehea and not near tba 
tilde ot the imall braneliM or nltlaale tulga aa In other 


The caneen baU tree in Sowar 

ot Ollier treea In the troiikal tbreati It aeldaro de- 
velopa a long trank wblch la rarely three feet In dUm 
eter fbnr feet above the ground and only from ten to 
twenty feet to the flret branebea wbicb are nmally 
apreadlng or partly ascending forming a broad Irieg 
alar or round depreoasd crown While tba tree often 
attalna a total height of alzty to ninety feet In the 
forest. In the open It seldom growe a tall but Ita crown 
Is more iprwdlng 

The tree la oonfliwd largely ti the low midst laud 
skirting the riven bnt It never occun In gnat nnm 
ban even where tbe conditions are mnit fkvorable for 
Ita beat development One mav travel tor mMs In the 
denee troplul Jnnkle without seeing s ilngle tna of 
this apedea. It le believed tbit the nortban Umlt of Ita 
dlstTUmUon la In tbo Bdmbllc of nuiains when tt has 
been reiiorted by only s tew botautati During the n 
cent bloloilral enrvey of tbe Canal Zona a apedmen of 
ttala apedea wu dlaeoveted growing Jnat sontb ot tbe 
dty ot Panama and It appaand tram tha avalUble 
data that Ita range ot growth extends from this point 
bi Panama aoutbward and eastward to tbe month ot 
tbe Amaaon River It la found on the island of Trinl 
dad but tt la m ire common to the low moist loU of the 
maloland eaperiall} In tbs Qnlanai 

^voral beantltnl trees ere growing In the pobUe 
parka In Pirtofvipaln Trinidad and aloo In tbe 
botanical gaiden In Oeorgebown Brittah QvtaBk and 
lery flaw vloltora to theae ddea who an lateiuted In 
nature fkll to see these curtant treaa It la a npld 
grower and quickly forma fine fCaturu aa a apadmaai 
plaol In a tropical garden It anddeniy dropa Its luvea 
In Mnrcb amt In a few days la again dothad In folly 
developed foliage ot the richeet green The flowan an 
large abnndant very cnrlona In form dnk In color and 
highly Rcented 

Then U banlly another fonat tm In the world that 
bean Ita frntt similar to that of tbe cannon ball tret 
Tba tmlt Is a large woody globnUr pod about dx or 
eighl InChee in diameter rtaimhllng i canAon baU Tbe 
sheU or mlurp Is Ibln smwtb gnyUh brown or nttly 
colored, and bu a drcular acer near the center which 
marks the point when the calyx or ontar floral envslafw 
became deUdMd from tba yonag unrips tnH Ms 
ihdl when opaaed at tbta sear and the palp and aaada 


The gg p loatoa ot KeroaeBe Ljuapa* 

Hvaar little while we hear of the explosion of a kero¬ 
sene lamp attonded by oerlou injnrlcn to penons who 
happen to be near In tbe pnbllc mind then li some- 
tblng myatarions abont these lami evpIoaloBa-aome- 
Ihlng that ealla tot explanation Ihey an nraally at 
Iribntad to tbe poor gnde of tbe oil or to Mine other 
canoe uukuown to the owner or nner ot tbe lamp or 
beyond hla or ber control Various persona eltbar In 
good fslth or otberslae bare tried to make cmltal ont 
it the widespread feeling of dlsltnat that the pabUc 
has toward keraooue lamps Some yesta ago tot ex 
ampU there wqa a heavy demaud for a certain blniah 
powder that waa to be placed In the nwervolr of the 
lamp and which was gnamiitced fi ptutcct It against 
I xploalon Of ccrarsc most of tbo lamps that wen pro¬ 
tec ted by tbla pewder did nut explode but that was 
only because few lamps explode anyway Then la no 
reason whatever to snppose Out tho pnpntton of ex 
plotdcmB was any less amcmg the lampa ‘protected in 
thla way than amoug those that were not urotaeted 

Than la nothing aertnaUy exploalve aboot the ott it 
»flt whatever Ite gnde may be FxpicMone are dne 
to the Ignition of mlxtnrec of ottiapot and air and 
they an mon likely to occur when naing a low gnde 
oU than when using one of a higher grade bacanae the 
low grade oU cootalni a larger proportion of light 
volatile hydrocarbane and tt tberefoee glvas off vapor 
mon freely Bnt whether the oU ha high grade or 
low gnde Its vapor will not cxploda nnlsaa It is mixed 
with air In a snltable proportion anfl fired by direct 
contact with a spark or a flume 

The quantity ctf oU vapew geoeratafl In tba reservoir 
of the lamp depends upon tbe tempsntnn of tbe reeer 
voir aa wen as npon the nature of tbe oU—a high tem 
pontura causing a marked tncreaaa In tba vaporiiatlcm 
It la tberefon advisable to keep tbe tompantnn of 
tba oU leservolr tt low os pnctlcable Tb lome sxfs-t 
tbla li a matter of design and tt la alrnoet impos yl Mo 
to prevent the reeervoln ot metal lamps burning large 
quantltlee of oil from becoming heated to a tempentun 
blgb anough to produce marked vaporlaatlon All lamps 
staouid be kept as oool as their lonatmetion will permit 
bowBver Foe example they sbould not be allowed to 
stand on over or near bot stoves reglaten or ndlators 
They abould also be kept ae neariy foil oa practicable 
so that the space ocxupled by tbe oil vapor may be 
amall 

If the upper part of the leaervolr erf a lamp la ocen 
pled by an Inflammable mlxtnn of oil vapor and olr 
It Is sttn not dsDgeroos nnlem flame gate acocae to tt 
In fact, when a lamp explodes the tnnhie la fhr mon 
likely to be with tha lamp Itaalf or with the way tt la 
used tban with the oU althongh prudence tlwtya Indl 
catee that the oU shonld be erf tbe heat qullty obtain 
ablw with a high flash point, to that any 
commnnlcaUon erf flams wfll be unlikely to lead to aerl 

Fw flame to gain aooem to the interior of tbe raer 
vnir thoe mart be an opening of some Und throngh 
which It can pam Tbe opening may be due to tbe 
omliilfla of the plug or cap from the filling apartan or 
it may be dee to a break la the rveervoir or to other 
Afloraa Mon often however the explarton *■!« 

becagrt tha whflt doaa not fit tho lamp property If the 
wick la too amall ao that a ooMldenbla apeoa to Mt on 
one rtda of U gaa may escape la this way tsMi.. g,, 
and eanylng the flame down Into ao nawvoir tf the 
igienhig to Wg ennfih TWi aetton may he sartalad or 
preclpltotod hy btowfag down Into tbo tap of tbo tamp 
to pat It emt, cr by tho c h t l Un g boUmi «( a draft of 
ooU air strUdag agalnrt tba ontar rarlket of tba lenr 

vrtr If then to a eonaldacahto winma erf mixed air 

and vapor In Ite nawvotr fat a highly heatod 
a xndden cold draft may qmme it to ooBtosct qetohiy 
enengh to dnw the tema dowa lato the lannoii:, wWl 


aboat the ecmdttton ot thato fauaph wa dtotratete 
oanth^lhttthiratoteaM iap at Qw kWk tacrthaA 
•SheftttMWbdltaadBrfi, 


anleii ttera to a pUlgly yfaftto oprtilglKiC lugHIttfiiMk 
stoedowaaloiigimaadfioodkbaMito. TtewWklMrt 
ba loosa onooih to week ftarty. to tf tt fito MIM^ 
It wm not tan qi and down laadtlr, ate tf It told «t 
lu tote tha oU wU not draw v wA and tta lamp 
wUl not horn ptaparty 

It wlU be saen ttiat than to a asuU rant pipto tnafiBy 
very maefa fiattaned axtandlag apward thnogh Ite 
bnnirt la enofa a way as to pat tba lotortor of to faimi- 
volt In free oaiimnnlcs ttop with to gpooi towMdlatey 
mUaoant to the flamo Ihto tab* to provldtd to onto 
to aqnallaa tbe pceseon tosliU to lo^ with tot of 
to aorroondlng air of to room Thta Wtla tote iteoM 
be kept bee bat can aboald be takn not to to amaao 
tha atoe of It la any way It la a wall known fact tot 
flame will not ptaa thioaflb vuy osaU opoktop, gtid 
the maker of to lamp knows Inrt bow largo lldi not 
lApe can be made ate wbat fbaps to pva to so tot 
It will fnlflli Ita paipaoe wlthont i«v«tH*a g to gae* 
mtxtnn In tbe mervoir to take fin boa to flaam ot 
tbe lamp Aa the lamp laavM hla fhotory to vent pipe 
Is of a rtfC slas bot If It la aalargad to any oonalder 
able extant b) tbrnstliif thlnp Into It whoa rtoanto 
the lamp It may beccue a aanna erf dayi rr 

Vlnally to operation ot fllUng ahooU never bo oar 
I led out while the lamp Is bnrnlng nor wliila It la state 
lug near any lighted lamp or gasjrt ot near a aton 
with a fire in it 

If the various perinta that we ban mentioned raertve 
carefnl attmitloii ttaero need bo no fear of a lamp ax 
ploalcm except as tbe result of dropping to lamp or 
objecting It to other rongh and unreasMwMt nsaga 
frr wbirb It waa never designed 

New Tliroc-phue Motorg 

Oxx ot to reeeot ironolad thne-phoae motan ot 
Hwlot make embodlee eome origtaol (aatune, ate la to 
reaolt ct cantal study In order to ptodaca a aakalanttal 
motor for certain daons ot work Wbat la daslied here 
is a nearly or all Inelostd aiotor of ntodoiato alko wllh 
forced dnngbt so u to allow of Ita nia In damp plaoca 
For vary wat localltlaa or thoas containing add faasaai 
tbe motor le antlrdy incloeed An air flan at mm end et 
to anmitnre erealM a suotlon through one lag beoa 
tbe flow beneath and to air travanea to oiotar and 
draosnde tbroogh the other lag ot to motor An orig¬ 
inal Uaa lias in to wotUag ot to starting realatanoa. 
Tbla conalati of a diak resiataiioe cdl on to motor 
abaft nsxt to air fan ate bum ban ran atx ooppar 
rodi eloar throngh to arnuibin to to otor shte A 
large copper ring alldee on all elx rads, whlcb ban an 
eqoal In^ ao that sIMIng to ring Bkwg tka rods hy 
a hate wbsd msehaniam ibort-cilnnita to rods saeeai> 
sltcdy In thla way no slip rings or bnuhaa an nsedad 
An emtsida hand wheel operataa to aUdtng ot tbe ring 
which of conna rotatM with to armatnra, ate to 
same me ch a n lam servea to throw to main awltob of to 
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The Gas from Blast Furnaces—I* 

Its Cleaning and Utilization 


Tn rwUMtkMi cf the gnet heetii« vehie of the top 
|M« of the bleet foneee wee vary dow In teUng oee- 
M dnp* fer ealnrfeii, funiMea nn with their topi 
wide op«. dlwihiulng the gee into the ilr, with whieh 
ft neltel in • gnet oohunn at Hum, delble fw mflei 
fey iMMi wmi in the nnOir rnmeeai o( thnt eeriy day. 

Been ahar the inviatlan of the eteui aiglne, the 
pndftflWiie of blowhig fimaeia by ateain power were 
ant preetlialy rMUied for aemal deeedaa and fin^ 
naaea ow i t i na ed to be loeated pcfanarlly with lafannoo 
to a nitahU watar power for blowing. In the muim 
way aftw the tnaentfon of the hoMlaat in the third 
duade of the atoatewth oaitiny the atovaa ware not 
at dm heated bf gai bom the famaoa, but were In- 
dapandatly drad with eoaL 

, Latar a anuB ehamhw dlled with iron jdpia wai 
built Otar the top of the tumaee and the dame from 
the open top pawed np tiirou^ tUe, heatiiig the bleet 
wUeh pawed throoih the plpaa. StUl latar dow wen 
bunt i^ the bribk woA near the top, bat Joat bdow 
the atoek line and enmected with a powerful ehlmney 
wboae baaa waa ^tproafanately level with the top of Uw 
fimaeo; fliia drew aome of the gai from the 

fmu a u e, natmally mneh mind with air drawn in from 
ahota, and the mixtora burnt on iti pawage from the 
fomaea top ynoagh the bofleta and itovee to the obim- 

av- 

The dnal itep waa taken by eloaing the top of the 
fntnaoe with a huge eontaal valve oalled the “beU" 
and foceing the gu by the pr ew nr e bom below out 
throat the dnea into a pipe leading down to tho ground 
level, edwN foe itovee, boUaci and ataoka ware kraated. 
TUi pipa aariy raaeived and atOl retalna the name of 
foe “dowiMoitMr." 

Theee top 0 ww in lake ore piaetiee eontaln about 
dO pw oant of the total thermal value of foe foal ehaigad. 
In dbtrlate when leaner orw are need and man tad 
la aoneeqnantly re<tuired par ton of iron the gat ia oor- 
rwpondtngly liehar and aontaiu a proporUonately 
huger penentage of the thermal value of foe tool. In 
Ufoe ora praatiM an average analyiie ii about aa foUowa; 
earboik m onoalde 3SH PW ^’ent, hydrogen d per oent. 
oaibon dhntde ISH per oent, nltrogm S9 per oent. 
Tim fowittil valne oomes entirely bom the two fanner 
eowpowwite. 

hy d r oge n oomea partly bom foe molitare In the 
Um trtdeh ia dlwoelatad in foe heertb, and pertly 
bom foa moiiture of the ehargt iriiloh ii deeonyMiod 
tn foa uppw levaii «f foa faraaoe. Tliii gai undw 
atandaid eondUlow of 83 d<«. Fahr. and 80 faMhw of 
maoiiiy eontaina bom 04 to 103 Britiah foamial uniU 
pw eofale foot and haa a ipedOo heat of about 0.03 per 
Mfaio foot ■) that it eontaim ahoat 3 BrltUi foemial 
anili of wmfbb Iwat tor eadi 100 deg. Fahr. above that 

TOa gia ii then aomewfaat more than half ai high 
tat halting nhw par onhie foot aa erdinary prodneor 
gM. TUa, wlfo foa laanKai vahimo prodnoad (aoma 
itOfiOO enUo hat par ton of iron in good praotiaa 
and man lAwa foa pOetiae ii poorar), glvw H enor- 
awna eoanMnial rdm, ao gnat fat hot aa to egoal a 
aomdwabla pweentaga of foat of the pig-iron itwlf. 

mdi gaa. having bawt fat fatfouata eontaet with the 
ehaiga tat ha aouna up fomuiit the fuiiiaoe, and having 
nniad oA lU foa mditon af foe ehaige not diawdated 
awwaatOy enefiM mneh moiatara and pieka np muoh 

flat dart bom aU foa dfflwwtt oompoaenta of foe ohatge. 
14 aha orniw a fama eoartMiag of eoUda vobtOiied in 

tWhMWfo of tho tnaam whiah aabUme into the aoUd 
rtnti, but in the hen of a& ImiAApabla powder, ae the 
AW toola Jh ih pngtam towaid foa famaeo top. 

tt it tth (ana foat givw foa gu Iti ehaiaotwiatle 
ilHforanna aa ttat wi t ipwh need hnweeataa eaa 
mb man wuMUy by fooklag at foa gai dheharging 
Info fo* haBw aiara rtaeka than by any other 
twy » hM I tewn la warMag "hot" or «‘eold£^ a 

WIMfofoSBMwa ia foa aaaomt aad appaaraaea of foe 

I hm fo aewtatg. 

. aagaiMfliM of fob tnaao wffl be treated rnore 
at'lalgfo It 4Mfart«atta4 anttht hr foa ^aaant It in 

aah at tin octo. and 
'latfohidfoa^ foafofogaeqfoialaa amoh mangwwie, 
Mfopfofot liifaafot It foa twaa to a great ei^ 


By J. E. Johnson, Jr. 

In foe eeriy dayi of alow driving the valodty of foe 
■ae eurrent forouAt the fomaoe waa m«il uid foe 
(inaatity of flne on in the charge waa elmoat negligible 
in Oompatiion with the quantity of A"« ore need tonlay, 
which rune bom fiO to 100 per cent MemM in the majority 
of Amerloaa pnottae. 

Under thoae oondltiona a single, oon^iaraUvely miall 
outlet at ODD aide of the fomaoe top wai lufflnient and 
the quantity of duet aairied by the gae wat extremely 
email, therefore a lingle jape of moderate riio running 
straight or almost straight down ud branching directly 
off to the Itovee and boUen was all foat waa neewaary 
to handle the gaa. This oonitltuted but a imall, almoat 
an iniignifloant fraction of the plant ae a whole. Con¬ 
ditions at the present are vastly different from thin in 
fores reapeota: 

Pint, foe vdoelty of the gas through foe fumaoe 
w eeveril timea greater than It wai in thoae oariy days 
and the oattylng power of foe Ould eumnt inereaeue 
at an enormauily rapid rate with an inereaso In velocity. 
I have seen the itatoment foat foie increase was as 
the leveafo power, which would ineaD foat donbUng 
the velooity would Inorease the quantity of material 
oanled 138 tlmca. Whefoer foie be true or not it is 
oertain foat the rate of innnaae m earrying power ii 
extremely Ugh. 

Beooiid, the on used instead of bdiig praetioally all 
faandrprepaied lump conxista very largely of flnea, muoh 
of wUnh ia eapable of passing through a lOO-meah sieve 

Third, we have oomo to reallie the enarmous cost of 
aitemptiog to utilixo gas in its dirty oonditlon fur stoves 
and b^ers, even leaving out of oonsideiatioD gaa engines, 
whiob requin gee oleenar than foe eir we breathe for 
their luooeasful opoation. 

Tbaea three oauaea have had an enormous effect on 
thfi gat-lianiiUTig Hyatem. of foe fOmaoe which has m 
reoant yeart become one of tho largest and most oon- 
Hpieaoua featuroii of foe whole blast fumaoe plant. 

TUB ouTLcre raoM tbi ruBNsra tup. 

From the time of the oloscd hqi or suun foereaftw, 
aome funusoemen elaimed foat the gas should bo taken 
off eitbsr from the oenter of foe fumaee or at several 
points eynunetrieaUy arranged around foe fumaoe top. 
Ofoen olauned that the gM, having gone through foe 
atoek column, had done ita work and that foa location 
of foe outlet was a matter of no importanoe. and that 
one large outlet located on one side wee cheaper and 
simpler than any other arrangement and juet aa good. 

In conneetion with fumaee tope, I ih^ show a de¬ 
sign of top arranged to take foe gM out at foa center, 
whieh worked suooeerfully for many yean and gave 
but little trouble. It wm, however, Impoeaible to make 
the top quite so simple in tbie way m with the outlet 
on one side, end lo the great majority of fnmaeec 
built in the United States up to 30 years sgo were oon- 
struoted on the latter plan, altbouAt in dlseuMiig opera¬ 
tion I ihall ibow what Is to my mind an Indiipntablo 
proof that a single side outlet ptodoeei an unsymmetri- 
oal pamage of the gM through the fumaeo and cannot 
lead to the beat work. 

As fumaeea and their outputs grew foey produeod 
a vastly larger quantity of gas, so tbdr derignen pro¬ 
vided more gM outlots, two and even up to five or alx 
Good praotieo now vary gmienlly usee four, though 
In my judgment tfareo property loeated are suflleient. 

OOWN-COIUM. 

This Intruduotion of mnltiplo outlets Introduced other 
(UilieQlties Into the design of the plant. 

With a ilm|de outtot the down-eomer could drop el- 
moat vertieeUy to the groond dbae to foe base of foe 
fumaoe, but with this growth of output, necesmtating 
multiple outleta, oeme the VMt inoreaie of dust which 
I have mentioned end the neeendty for proridlng aome 
nmiM for its removeL As hmg m the gae tmveled 
os a etsop downward ilope, the duet would aoeompany 
It, but the durt reaehed the horiaontal poiaagM 
leading to the atovaa and boilers and bom tbsM lo the 
stack, it settled In them and obstructed tham lo rapidly 
M to oonatitsto a earkme obataole to eontfamoua and 
wtbfaetwy operation. 

MeaM tberafon had to be provided for tho removal 
of tiw doit at the foot of foe down-eomer and for thli 
putpote ohambera, at drat only a Uttle larger than the 
gM aulM ware fastatidneed, but aa oendltl o M grew wane 
•ad wdne theae wm I ner aM od in alie and requind, 
thmfoM, to ba pheed further from tho fomaoe In enWr 
to give tba M eai r iry room for ope r ati on . 

Wi threw tho tort of the down-eeart away bom the 
tWMi at Itl bert. wkiU tha n ieia tily of l aaa lilii g more 
Burt OM Mtirt Mmw IM top baok, from tiie aloaeat 


point on foe top of the fumaee shall, to foe oenter line 
of the aheU when the two outleta wm used, and filially 
to tho baek or oppoeita aide whan tour or men wm 
uied. Then two feoton flattened the tiupe of foe 
down-oomer bom almost vertieal to a elope weU below 
4A degrees. 

In same of foe aarUor tawtaUatioM theae oonditioni 
wm made itiU worn beeauie it wm eonridered nae- 
eaniy to have foe down-eontar enter tha top of the 
dust-cateher u tha oenter of tho latter and foie re¬ 
duced the vertieal height, at foe same tune eO the other 
faotoTi above mantioiwd Inmaeed its horiaontal raaeb. 
I think foat the alope of the dnat-ealoher on aomo 
of foe idanti built about the time of the Duqueane 
revolution wm not more than 80 degreea. Theae wm 
extremriy uniatiifietory In opmthm beeauae not only 
would duet lodge in tbm but aba coke and other ma- 
terisb bom foe oharge; they did not boo themadves 
under any ofamimitancee and no matter bow large foey 
miAit be buUt, they filled up until tho velocity of the 
gaa through them waa great enouAi to eoour a pamage- 
way through foe aocumiibtiun on the bottom elope, 
(his, of eoiuM, involving high top preamne and eon- 
Boquent leakage on every joint not tightly eealod. 


Down-eamers ere generally provided with axploaion 
doorifortwopurpueee- First, when fumaeea are itopped 
it b almoat Impoeellde to prevent eir being drawn into 
foe gM main at some point or other. Thb nir min* 
with foe gae and produces an explosive mixtum. When 
opention is resumed foie mixture b Ignited at the 
boiler or stove bumna and an exploalon follows wbloh 
in some eases b violent enough to burst the main, dual- 
catcher and down-comer nnlese it is relisvod by sultabb 
safety-valves or exphenun dom. 

Hoound, foe fumaoe itself b IbUe to slips or eipiu- 
shina in whieh a iwemure of sevml pounds to foe square 
incli, urdlnonly only ocnarring at foe lowur Invda uf 
foe fumaee, macbea foe top and would do it great damago 
unleee properlj relieved. 

Thb Utter theory has bean combatted by Mr. Juban 
Kennedy, who bis elaimed that axpIoaioDS wm more 
violent in iwoportion m they reoriv^ beer vent; oom- 
paring tho oonditions which arise at sneh timea to thoae 
oeourring when the cork b removed bom a bottle of 
ohotgad water, if thb be done suddenly a great propor¬ 
tion of the nontenb of the bottle b vioUntly aieeted, 
but if foo oork u hold baek and the gas pmsure al¬ 
lowed to pass off slowly, none of foe eontenb of the 
botUe are thrown out. In eoowdanee with tbb theory 
the tendeoey in recent years hM been to provide many 
baa explodon-doora than wm farmoriy thought to bo 
neoeasary, and the rasuHs have vmy largely oonflrmed 
foe theory, foongh many fnma o em on are not willug 
to go M for M advueated by Mr. Kennedy aad do away 
with exploekm doori entirely 

One deelgn, made about foe time of the Uuqneene 
levidution, wm mtended to be the best poerible le- 
gardlesB of expense. Borne five or six outlets wm pro¬ 
vided around the top of foe fumam, and theae wm 
all eonneoted with an annular main, from one or two 
points on wbbb foe hranohea of foe down-oomor led 
off. Explosion dooie wm arranged on the outside 
of thb annular main, whieb, of oourie, wu a few foat 
below the operating pUtform of foe furnace top and 
In mder to provide aoeew to It a eupplemenlary pht- 
form WM built a few feet below. 

Thb system has almost all of the disadvantages 
wbloh could be worked mto one deelgn. On foe ride 
opposite to the down-oomor fom wm so little eurraat 
of gas foat foo annular main beoamo suffieieatly choked 
np to mako it virtually ueelea and one or two out- 
lab on the ride next to foa dowmoomar oorried off all 
the gas, praetioally m though the annular main did 
not eibt. On acoount of foe large rise and distant 
looation of foe dust-ratoher and the wide stretch of ib 
IwaiialMs to reaoh tho opporib rides of the aunnUr 
gM main the slope of the down-oomer wm oxoaedliiAbr 
flat, and it b probable foat after it wm in opmtion 
a short time more than half lb ana wm ohokad up 
and sot In aotivo uic. One of the wont faatorae of 
foo dsrign WM the looation of the exploalon doon whieh, 
it will be seen, eeme just imdsr the main operating 
pUtform. Owing to the ohokad oondiUon of the down- 
oomer, foa top prosanre wm Ugh and the axploaion doon 
wm generally leakliig mon or Um; if tho gM oaught 
flra It burnt nsdarmafo foa top idatferm ao M to danuga 
foa steal work, and if it art^ad unbumt foa |m oama 
up onto foo top pUtform in aufllabnt quantity to make 
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it dMiceruuk tu ilay tUuru any oanaidiifaiiki lunKtii of 
tlmn. 

It may not be amiwi to wy a, word bom u to the 
KonenI dfielcn'ot explosion doom. Theim ore always 
made binged, but are looatod iu two dlfforont ways; 
drat, so that the plane of the d<ior is boriuintal when 
oloa^; second, ho that it is supply invUned or vsr- 
lieal when cloaod. Tlie latter dosipi Ih radically wrong 
and aboold never bo used because the nuinumt fd the 
door duo to lu weight, is little nr uolhiiig when it hangs 
vertioal, couiuitiucntly a sliglil pressure Is sufflelent to 
force It from ita seat, Imt as its moment rapidly inereasea 
a miieh gruator pressiiru is miuirod to foroe It to open 
wtclo as it should when it is nosded at all. 



The horliontal dow works exactly the opposite way, 
•xactiiig lu nuudmum momsnt wh«i It Is elosed so 
that It is nry easy to keep ti|dit under ordinary eoit- 
dltions. But when a eonildenUe Ineraee of preesure 
oeesrs, foning the door open to relieve it, tiie moment 
of the door deereaaee ae it opeoe, ao that it opentes 
moto and mete eeaOy as It opena wider. TUi eeeme 
at llret dght to be an tndgnlfleant detail, but as a matter 
of fact, 1 have Men great aimoyniieea caused by vertioal 
doon, so little gM leaking ftom them oaa be objeotion- 
abla either by bumbig and damaging the strueturs w 
by pottutbig the air, that the final reralt is to have a 
elamp put on the door iriiieh vhrtnaUy dsetroys iU 
uasluliieM for lu primHy pnrpoea even tboogh It may 
not oompletely aibninate the leakage. 

Fig. 1 showa a dedgn of gas outl^ aiid dowiMomer 
which saonree pmotteally all the fanporUnt advantagee. 
IIm drawing shown die "B” tumaee of the Bethle hem 
ttteel Cmniiany. The outleU an four in number lUng 
from the eonioBl top of Um fumaee diall. The down- 
eomer instead of oonneoting dhreetly with the outlet 
openings on the furnsM sheD on the bask or htfi dda, 
ooaaeeu with the outlet plpei at a point lavsral feet 
above the operating idatfom aad thenby seenrst enN 
fieient height to give It a slope steep enough to free lUeif. 
The exploekm doors sre plaoed on the top of than high 
outlet plpee many feet above the opentlng platform 
and if they leak no bann is done. If the gaa buna it 
oannot strike anything to destroy, aad if it rsmafaia n» 
burnt it pollutes the air far above the heads of IhoM who 
may have ooeasion to be upon the openting ptothem. 

In the early days the dowtsoomars-wsca made of 
quite thin pipe entitviy unliuod, and than gava re¬ 
markably g^ servioa oonsidating tha rslattvaly hi^ 
.temperature of the gas t^ sometimM had to handle, 
temperatuTM of 800 or ajlii 1,000 deg. Fahr., in regular 
epemtlon, being not unoranmon, while, of oontae, very 
niuoh blihv onM oeouired during lUpe. 

In modem motioe, bowevsr, the down-eoiMr b al- 
wayi bnllt ef wy eubstantial steal plate aad Unad wlfh 
elrele fatMa from 3 to tadue titlak. Thb malna 
an ahnoet IndemruotibU eoastnulion bat a vmy haavy 
ona, so Oat dna cara must be taken to aUMiert tkh weight 
of the dowMonw at both soda. 


Duavoatebwe were not rmdiltreil a tmamupt part 
(d a plant until wUhln the last ao or 38 yean. Thtfirat 
ones wica cmdaly deslcnad, sliaply with the idea of 
providing on ealatgemsnt In the gas main in vrideh 
the veloeity of the gaa would ba redueed and iU doat 
(umtaiU dropped to the bottom by thb rednetlea in 
veloeity. Oidinarily very inadequate meani were pro¬ 
vided to prevent the gas current from phddng up again 
the dust it had oooe dapoUted, and tbs aflhrianey of tha 
apparatus was in some eases ao low that the quantity 
of duat rseoverad was inappreeieUe, aad attar ssvcral 
yean trial the dust-catoher waa thrown out tad re- 
plaeed by a plain eeotlan of pipe. Bventuelly the Man 
took shape of eumbining eentrUiifd forea with the 
rodueUon in velocdty to throw out tha dqst 

Tha skatch, Fig- 3, iliustratae dbgreaiinetleeBy the 
oonatmotlon wUch oeme to be iteiidard for the flnt 
type. Fig. 3 showe an aariy type sowietiinM need to 
secure the eentrifugal effect. Tha tengsntiel inlet Into 
the dust-catcher body eonstitotai the ptinalpal d M irsnee 
in tiM twn typaa. 

The difflonlty of preveatint tha dust traoi bsing phiked 
op by the gas cnneBt after being dapoiltad, was a 
s^us one, and ita eolation waa aou^t by aavttal 
fumaeemen and Mveral dasignt wan hron^ out to 
overcome it by having the dost fanpinga upon tha anx^ 
fan of water to wUoh It would edhen aad bom whioh 
the gaa oonld not pick it np again. 

One of tha ceribat iedgu to embody thb ptlnalpU 
waa that of Mr. F. E. Bawhman, titan manegM of the 
Northam Iron Company, at Port Henry, N. Y. Mr. 
Raohmen built a duat-aMeher ta general ^tpeannoe not 
dtfferlng graatiy from the ordinary type iRovlded with 
a tangential inlet as shown in Hg. 8. Ibe shall of thb 
instead of being lined with flrebrtak, as in ordinary oon- 
stmotlotts, wu sprayed inside with a great number 
of omall of water whioh produced a water film run¬ 
ning down over thb whde interior luifhea. Centeifugal 
foiM threw the gaa against thb surCaoe to whleh the 
dust adhered, end was oartied to the bottom by the flow 
of tha water film. The gee only being eipoaad to tha 
suifaaa of the water for a short time did not ahaorb 
enough water vapor to aflaot ita thermal value matari- 
elly. Thb dnst-eatohar waa in operation for a number 
of years (as tar as known to me it still b) and gave as- 
oellent results. The stovac remained eteu aad servlee- 
able, although tha fumaoe was oharged anhulvaly 
with magnatte oonaentratea, whioh ware quite fine. 

Anotbrnr dedgn to saeore thb reeelt waa that of Mr. 
R. O. Stoaoe, iriwse duat-eatdwr b ihown hy Fig. 4. 
The body M the dast-eatchar b horiaontal and filled with 
water to idwat one-third of ita hei^t. The gaa entars 
at ons end so M to impinge on the suifeoe of the water 
and b refleoted thereftom into a eemi-olnnitar paamge 
wUoh bringc it baok to impinge upon the water a eenond 
time. A seeond seml-elreular pasaage repeata the opera¬ 
tion once more and tha gH b finally dbebarged at the 
far end of tha dnst-oatoher. 

Thb dedgn avoida the maintenanee of the iprays re¬ 
quired by the Badunaa apparatus, but, on tha other 
hand, tha aurfaM of tha water b not eonstantly end 
rapidly renewed m it ta in the BeehTnan dedgn, and thb 
b a point of muoh importanae because when tiie sur- 
faoa of the water beoames fouled by a haavy layer of 
dust, other dust impinging upon thb b not held but 
liable to be pokad up ageln aid oarrled on by the gaa. 

Another duitpcatober wUeb uaee the priacipb of 
having the gae inqiiage upon the snifaoe of water b the 
invention of Mr. B.F. Mullen, of Inetonia, Ohio. Thb 
dust-eateher haa had the wideit vpUanoe of iny appa- 
ratua of ita type- The deeign b shown in Fig. 4a. The 
oxtanal sh^ of the appantus b not anllka that of 
the rtaadard dnit-Mtehtr. Tha gH entan H the top 
and peeaH into tha oeataal ohamher shown. TUs nham- 
ber b auapen d ed ftom the dome of the dnaboatehar, its 
ihaU b lined with flrahriok aad ita botton eoutitntos 
atubeplata en pperta d ^thasHpeiidonrodiL. Through 
the Mm plate prufeot a great munber of abort tubes 
thiougfa whbh the gH b famed to psM H a ooHidsrBbto 
veloeity. The bottom ooae of the appeiatM b flOed 
wltt water to a level from 4 ineh« to 6 iaabH below the 
bottoot of the tuhai. Thb level b maintaiiNd by over¬ 
flow through the porta H eround the dreomferMH at 
the datt-eatahar b^. 

nwh water b fattooduaed into the eenter throt«h 
the pipe drown, end fiowi ngnloiiy outward to the out' 
let porta Bthroui^whbhtldbehaiiaB. Thbketyatiia 
■mCHe of the wsMr eonstaatiy In motion and pravanta 
ita heoomliig too foul to hold tha dbt town upon It 

Aft* tha gH b»TH a* tubv and lapiiifH upon tha 
water HtfoM It pasHS tola the ai nml a r spioa afotBd 
tha.eantralelM»b«aBdaotoaa«Btistatthodda. •Qm 
lop of the ontiat tost beiasath tiw porta B b 

•siM by a eoaioal platt Itehottoto of wUeh b iftettar 
to tha hothm of tha «««#,'wUhi 111 top la tlvdiad to 
tha abtil of the dhsteattlMr pippit' 

tha light duH whish^lidlNil ito top of flit 

watar b oacrlad'awep by WHito of-bis itotto 


aftiUeeoae. A1a*aridaato»batidUM.tothiit:i|a';^\> 
let torngh tor tha waato watar b hwtto ^ t«atr dd#: ^ 
eatdwr etnwtoK luiHd of ollh tort tod 
dpla roBtatoa tha HBat, 

Thb dasMataher hHfflven very good witialbetotold- 
uae. The pritla^)al point to be ioa^ acatoitlrta^-,. 
fluetuation of the watar leval whbh wffl pHiqil'toeMto:. 
of the dbeharffs neasle to beeoqw wet ' b eea aH, B'i^ 
do H the dota wS rapl^ bnlM upon them end tob^ ' 






Fig. 2c—Early form ef typleal dost estahar. 

they win become oompbtely obatmotad. A fSet not 
gensteUy raaogniied ta that fine dust hn a very eemeat 
Uke qudty and tiut wton dampenad It eats ataniwt h 
bard m a good eenunt. Thb feet hH proven the de- 
itruotioD of the number of wet duataeataton whoH de. 
ligners did not know bow to provide egainet tide dUB 
oulty. 

Thmn^ the oourtaey of the repree on tathe of the 
Mullen waaber, I have obteined a ei^ of tha leadts ef 
a tost made on one of tiUH WBahma by fheaaiHtfataBdaat 
of one of the ioigept bbet fumaoe ptoata to the eoushTi 

with a vbw to finding out tf to# ^ipaiatas enea nttabb 
for tha oonditioni H thb plaat; tha results of We 
toet rtiowed that the |h bavksg tbs duet-aatohar eota- 
toined 3J8 gnhia per enhle foot of duH and aflM 
bavliig the gH wndier It eontained 0.78. tha repito 
tentative, of the gag waebtr dafau thu it b oapahla 
of dolag eontidtrahly batter work than thb, tort awin 
thb ndnet* to a tUrd thatotal aaMWnt of datoalsM' 
into the itoTti aad boibce, H thera b a very oontidaeibto 
ptopottiaa of too total dual otrilad thtondi .by the 
■took iHH wHhoirt bihgt dapoeltod; thb radtiHa thg 
praportioa whbh lodgH to tha Holes aad bobaq, to 
theb dstetotant, by a ooaalderably gwa tar pwtifiy 
and H tos orlgtoal plant wImm tob waeher «|i^: 
■lallsd at Uttub, Ohio, aapWtoto pMvad «|tok 
eonU fia dm atovH to fita wtoda bUat wh^ttotef 
them oto to tamat fdr dtoatog, whbh 

Impoetibb Whtonrt aoein «amta to redpito to. diirt 
b to to to bebw to iMamtoto witobA 
oahhTbgllto d a Hto tto g. V 

Many-.Mltar typto od ( hwtaH l tog l r baiN h<^ 
aad.tabd out. tort thitodtomtod.«to''«ito.WW 
Itani of to to tt ttotl %lnlM^ 

oftan fehipon^toitoibtoif to-iif 
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&: MdMwt. tgr modwmtdy goud 

■!«««■, ibA •■ 1 Itm pnvloudj of 
i(hiM moalw win tAwM by the 

lAt-gbtaprbigmd (hk pdiat tor om wUItMotm. 
t. ^ mnii wii undferttwaart rtep In okra- 

JKUn brtltad Mnbfabig tha gu iHth mtv «d 
. ^fafaodMad uotiwr olmmli in tb* oitution. The 
CM gi MliAbtd pieln np water rqiar enongli to eatonte 
tkgtt at teninatiin at wUeh it iMvw •mibber 
«il# tUi hn a MOMwbat eompUeated elhet The gaa 
nK MOMfron tha fimtM at a temiMimtnn of 3fl0 fle- 
gMe (0 m defiTMi, oaniM a ray aonoidwable quuiity 


high u it otbecwifa would. Thmfan, to rumove Uio 
moietnro ii in iUelf a bonoflt. 

Them bn been a certain antouot of miaappreheuiunn 
on thie nubjeet. There have been In neent montlu, two 
papen on tha lubioet of gu oloaning, of whioh jointly 
the value probably exoeede anything pnbliebed in Kng- 
land prevkraa to that time. Thom are the papen of Mr. 
W. A. Fortvw, “Tho deaalng of the Blast Fumaoe Qa«," 
before the Ootubor, 1013, raiMtiuit of tho Anwiiraii In- 
stituto of Mining Kne{uee^^ and that of Mr. A. N. Uli4a 
at the February, 1014, meeting id the satne institute, 
entitled “Dida Partaiiiitig to tLi Clas (leaning at tlin 


down to 7U tbetefore roduoes the theoretiaal oombus- 
lion teraparature by about 160 degrees. The regnoval of 
the moisture tends to raise the theoretiaal oombusthm 
lomperature but quantitativdy the amount id irwreaso is 
smaller than the decrease due bi the kiss of sensible boat 
Ilf the gas, about 100 dogrees agaiust 16Q degrees. 

Wbon the gas oomee fnim a funuuie which does not 
Work a wot burden id ore or wet fuel, the conditions be- 
ninic very much worse for wet sonibbing, beeause In 
that iiasu there is bat UtUe moisture in the gaa to be t«> 
moved liy a reduotion of tho temperaturu and tberafote 
suoh reduction tepmoule a uct Iuh both id oombusdon 



Fig. a.—Typical form of eentrUngal dnat catdmr. 


Dnqnesne Blast Fumaoes.” 

From tha former of theca I shall pnasmtly quote os- 
taosively and from the latter alao to a eunslderable ox- 
tent, hat both of thoM, In my judgment, give an er¬ 
roneous Idea as to the ratatlve importance of removing 
mobtnra and of nooUiit gas. Table 2 of Mr. Diehl's 
paper Is reprodnoed here as Table 1, 

It wUl be seen that he givee ealoulatloiu showing the 
amount of heat uhtalrubte per enbio foot of gas uiuler 
throe oonditlons. 

First—Washed and oooM to 1o dag. Fahr, and salu- 
ratad at that tempmture widi water vapor. 

Second—Waah^ and cooled 126 deg. Fahr. and satu¬ 
rated at that tempemtnre. 

Third—Unwashed at 400 deg. Fahr. and oontalning 
30 grnlni of nolitun per oubie foot; in other words, its 
natural oondlticm at It oomet from the fnmaee. 

Three temperatorei for the eaoaping products of com¬ 
bustion from the stack, 400 dag. Fahr., 800 dog. Fahr. 
and 000 deg. Fahr., are taken for each of the three cases. 

Turning now to the third line from the bottom, “Total 
heat obtsdned per pound of dry gas consumed,” it will 
be seen that the emounta in the three coses, all at 600 
degrees staek tenqieratiire, are 1,076.6 British thermal 
units for the ftrst, 1,008.43 for the second and 1,166.49 
for the third. It is obvious that the moet available 
heat is to he obtained with hot gaa in spite of high eon- 
tent of moisture. 

Mr. Diehl givee a pmoentage 6gure tor the three eases 
In tha seoand Una from the bottom of 83.23 pur cent, 
78.4 per eont and 80,31 per cent. B ased on these per^ 
omtages ha statM that the dry cold gaa givea the highest 
peroantagn of available heat. 

This is obviously ineorreet, as the hlgbrnt penoentage 
mnit plainly ooindde with the laigeit abwdnte amount 
of beat obtained on any ooReot baals of Oguring. The 
oRor haa arisan by eounting ae available the latent 


tenqnvatnre and of thermal eiUeieney due tn lower omn- 
bustion temperature. 

In the dlsBiMion of the paper of Mr. Forbes above 
mentioned, it wes stated by Mr. 8. K. Vamss, of the 



of water vapor pioked up from the stock, whioh, in a 
large proportiim of modem pnotioe, k heavily apriyed 
whh water jnst before baiiig iduegud into the fumaoe. 
Tfak water vapor k eomewhat of a dotiimeDt to the gaa 
afaioe it aets as ballait during oamlmstion and prevonta 
attainment M oa Updi a tempeiature aa would be reaohed 
witb ties MOW gu at tbe same tempenture, dry. By 
aombUng tha gas with water thk tempeamtan k redoeeil 
and lie Mtumtion point k eo mueb lowered that water 
may aetoally be removed from it faiitead of being im¬ 
parted by tbe eerabbfaig'operatiaa. 

It k obvious that we have hsiv two eonlUotiiig eOeeta. 
radnetioa of the tampenture of the gas itaelf k 
bod baeanae tha sewibk beat is an apm^ble per- 
eentaia of tha total, and If thk k removed by any means 
betdra pa nadhea tbe bunien aueh nmovid repremta 
tn abatiNiU loaa. On tbe other hand, hot gaa ean eaRy 
ab anatmoua aoioiint of water vapor and thk moiatiire 
folag through tbe lystam aeta aa a dampR on tha eom- 
bnatloa and praventa tbe tamperature from tUng aa 


heat of v^iorlxation of tha water viqMr in the gaa In 
all oaaea. But thk k in faet not available under any 
known aondltiona of boila’ at atove operation ainoo it 
would require gaaae to be cooled for below 312 degrees 
to precipitate much of this moisture and recover its 
latent heat 

It is obvious that if the burnt gas comes in at 400 
degrees and goes out of the stark at 400 degrees no lose 
whatever has ooeuired, widlo if it goes out at 600 degrees 
or 600 degrees, the only loss k tiiat In superheating this 
small quantity of steam 35 grains, or 0I10& pounds of 
water tupoi, with a speoi&a heat of 0.48 throup a range 
of 100 degr ee s or 200 degrees, making a loss pur oubie 
foot of gaa of only a fraction of one tbcrmal unit. 

In regard to the effect on the oombustion tempera¬ 
ture, the results ore similar. The quantity of air ro- 
qulr^ for combustiou is about equal in weight to the 
gu itself, therefore the reduetion of the inilU tem¬ 
perature of the gu by a given anunint results in a nw 
duetion of the temperatuie oombustion by about onodulf 
of that omoont; to cool the gu from 4U0 deg. Fahr. 


Pennsylvania Btcol Company, that at their fumaoM 
they had introduced gu waaberi for the stovea but that 
they bad been forced to abandon them because of the 
inersosed moisture and d e e rc ased Usnpeiatute of the 
gu whioh resnlted in a deoidad lower^ of tbe earn- 
bustion temperature and eonespondlng reduetion of 
tbe blast teropetature that could be obtained from the 
stoves. On tbe other band, great buneAt hu been de-' 
rived from wet scrubbing, where wet ore Is used. Thus 
it will be seen that each eaee must be handled on its 
merits. Clean gu is always desiraUe, and undoubtedly 
much oleanor gu will be used in stoves sod boOers than 
we have been aoeustomed to In the post, bet wet serub- 
bing should only bo adopted after tha moat careful 
analysis of tbe conditions to see whether the net msulta 
will be benefioial or not, and if to, to what extent. 
There is but little use in snpidying stoves with olaan 
gu and then finding that we can get from them only 
lower blast temperatures than ws could with dirty gu. 

(Fe hs eoaoiiided.) 
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HtHmI* Ago«7 of FMr? 

On of tlM nibjwt* ottn dlMOMd In tl» m«. 
new Mttled la the qoMtlaa irtMtbar t mto on 
hypnottaa a frog or bird w complatil; that tt boaonta 
betplaaa and alV>wM tlw anako to aaiaa and awalloar it 
Tha mdiidv Uttla ireatniea it la aHartad, ■mnllj 
beeaoa rigid and nnabla to mora at tha alght of the 
CMBqr but In aocaa eanaa thiv advanea toward tha 
anaka aa If drawn by auma myatarloaa power and aran 
<tpnni lUbt Into Ita Jawa Onaa by way of datenntn 


power tbe aiperlmeut waa triad of paahlna LantUHialy lulry I 


Our aatbor qnatw fnrthar Bralutt'a kateal UH: 
which almidy glraa d tha oaaaa i “ ‘ 
baah abla to draw tron raUabla 
pnaalng a poaiara oplnlca om way « tha 


The Ugktaat Kapira Wood 

Wbb*i one aeaa and handlaa for tha dnd tta 
of the wood of the anbaui or ambatadia traa he la 



I board bLtweeo tbe npdle and the frog bopping to- l««l by a aery low ^lacUio graalty 


ward It 


_____ tha ta i aphoiifc Whao, hawavtiv a 

aoan laama that att wooda which are diaracter aaetallla body la plaaad near om cf tha aofl% Mka aO^ 
cnrranta Indnead la tha aatal raaat npaa the M ahd 
diatnrb tha balanae, ao that a anad ta hiaid In iho tala- 
~ . aalnthaaaMof 


tbe hl^ alaatlcUy iBpanneablllty and apUotaea of rtieU or bnllaii^ tha aOaot la MUh fo 
lUr to cork. With tha alnale axeapUM Th« aan ba aaad to Indlaita the p 


it tha apeU waa bnto the frog bcrn uiied only to a rery Umltad extant In place of ourk 

Oed In Joyaw aprlngi and tbe make vanlabed Into Ita becauHe aU of tha aoKXUlad oork wooda loiown to man 

hole Thla nemMd to be oonctnalTe proof that tin. do not po 

hypootk atato bad baen prodnoad duiabUlty pronlUr to-----— ^ ^ 

A aomewhat view of tha mattar U brought of cork wood or balaa (OoAroata tagepm) of ttopital •*“ " eatmrt M natara, of a tn a thnw body, ahd 

forward In tha adantlflc notn of tbe Oerman Jfiurnal America whWb ta naad for making Ufa pteaerrani *“ "*• 

• by Herr Pllatet of itappottawallar Ha la theae aoft, light and pith Uka wooda rarely entw the 

~ aihtfal trf tha theory given above and aaka marketa Ihelr mm are for the moat part am lln ad 

lat auoh occutrcmia have never been ob- to earring and ornamental work In tha « ____ 

g malm In conllnemrnt Or bow It hap tbe planta are naUva, The adaptttlaa of ahola or aola ^ or trademark work. Ou 


» of anakes ai 


(Aetchmumene atptra) a ramartably aoft light wood 


nnconatralnad nibble placidly and ran around aa uaad In the mannlactDre of ahola bata, la pariiapa one nn ytii y wummI to p fr -v e and 


of tbe principal excapdou to tha rule Tha ahda tree 
la found gruwliig in India and Ceylon where It la naad 
extenalvely for making bala out of tha 9 ongy anb 
our antbora reaaontag In maintaining hla riewa b xtanee developed on the atema wboi growing In the 
water aa they genarally do Tbeaa hata ate of rtmark 
able Ilgbtneaa and are well adaptad to the oUmeta aa 
they era poor eondnoton of heat The wood b em 
ployed aim In many parta of Indb and oeenatonally In 
leaner extent In the United Btatea 
for tbhlng floab modeU and fbr an luAntta variety of 
[aroba onuinental purpoaaa Latterly bowaier ahola and 
break other almlbr aoft wooda bare bean applied for tbe 


o auaplclon of their 
Bab have bean kndwn when drlten 
gnaw at the anake and aran to eat It up altogatbar 


exert a atroog InOuaiioa upon another or 
him Aa a mla thb b nothing mora tk 
that a atroog mind axarcbea ovar a weaka 


H can ba rngbnd c 


of peranb with their dilldnn of a Judge In tha < 
of hb oBoa. A ibaip look b often audleleat b 
down the tbOaiioe of the wroagdoer Among human 
balngi thb exerobe of Inflnenca bolda good but bow 
can the expramloaleaa eye of a maka exert each a pow 
eroverafriig aiiantmalaolowlntbaacaleofcreatton' 
in ubMl tamer can pmtupa hold a Uon or tiger with 
In bauda by the power of hb eye or rather by hla 
daring demeenor But lat him try to exert tbb pow« 
ararafrogl 

Tim mppomdly hypnotic caaea conUnuea Herr Pflater 
w probably be attribnted to tbe fact that ani 


Ambech upon whkh experlmenb have beeo made 
for thb and other pnipoeea b a legomliuMa plant known 
to bntaubb aa HarmMera atepkoaylow a native to the 
Nile and Tnke Chad reglooa It b calltd ambub or 
I the ragbm where it growa and the wood 



r the n 


of ambaeh and trlpol the btlar name b probably de 
liced from the noma of the town or regbo from whleh 
the wood ta prindpally iblpped The Ehudbh qieakluK 
laab ate rigid with frlgbt when they peroelve an enemy people along the Nila call It pHh tree bemuae the wood 
Jnat u man are when facing great danger Uoreover miemhiea the pith of elder or of other trcoa having a 
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other anlmab hM the habit of »ery ligbt pithy center Tbe tree growa to a good abc Chari* AU m Miaa Hbride at 
e of neceaalty until tbe danger forming tolerably thick trunka and b of very rapid ** ' " 


■lntMlMfing dMltb In C 
b paat Aa tnakee only attack living anlmab. In thb 
way the frog b frequently able 


gaea A CwegMy laaerpo 
Mnt YnijM Ornmn 
iM D limM» 
headway NMatwk 


frog ahoitid nelly hop toward a anake the probable two <i|ring* up from the mine underground perto The ■“taiedatPoatOBeeefHewratk.N t,i 
exphuiatloii of thb ta that It doaa not auapect that growth <f thaee plantis b m lapld and occur* in auch cta..**. »,■ l. m... *. 


Oepyrlght lUia by II 


the raptUa lyliig mottonleM could ba danguroua I 
Our antbor axplalna tba babavtor of littia Urda at 
tba alght of a auka In the aoma mannar No occult 
power drives a Urd toward the enemy but Ita anxlet} 
for lu young Whether tbe enemy be i 


gnat abundance that it frequeotly ohokaa np tba eban 
iiciH of tha numerous tributartea of tho upper Nib 
llu wood b remarkable for lb vary soft taxtnra and 
ItM appearance of a mam of pith It b exceedingly 
light In weight brittle ahd b naarly white when It b 


I or any otlwr predatory animal mother lore cut but tnnui allghUy darker upon exposun to light 
Mda the bird to forget lb own danger entirdy Bemm and air 

Ing with alarm It lUb back and forth atrikea boldly at Amlwch la the lightest wood in exbtmiee A lample 
tba enaay Making In every way to drive the Intmdar of balaa from Trinidad exhibited at PbIbiUpbU In 
off and often faib a Mcrlllee to lb daring There b mt had a spedllc gravity of OUO or about aeven and 


o queatlao of bypnoab In aueb a caae 
Herr Mkter thlnka we ahonU be very 
accepting rtorlea aa to wbat peopto bava 
taUBglnatloa the nnnanalnem of the idtenomenon 


e baU punndB pec cubic foot The apedllo gravity 
of oommon cork (tha bark of Quart m aubtr) b given 
It aaiMt an OSM There are no llgniea extant on 
the tq^fle gravity of ambadi but on an average It I* 


Tha BetaMUte Ameeien ^MliemtaH 
lelEMriraa BMPbWMt (iab Wl tai >ll gT«) ■« ymr fgM 


tb* oomUaad fbberlpttoo cataa aad iib| ta temga aa 


M«bb * Oto, Im,, an IkoadMtr. Vm Yvt 


The TvrpoH of the Bu p pleme tt «g to puMM 
the more $mporto»t O HO o m oemen t t of 4Mfe 
prbe and abnn often confunt the perceptlonn Pitrf mudi lifter than elthec baba wood or cork Owing teohnologiot^ to Ugoet tigntfaemi erU- 

to lb extreme llghtnem tbe natives une It to aaabt lb« - “ - --.».»•« * -» 

In swimming acrooa tbe riven It baa also been nw 
by tbe natlvaa In Africa for making hab and floab ai 


DoOeIn In tab work ITie Animal aa a Part at Uni 
venal Nature my* It baa often b 
Utda upon the approach of a anake r 
u It under a apell Tbb waa held to be a kind of 
byimaUe htHnence wbkdv It waa aaaarted arose from 
tha glbtenlng of the anaka a eye from the ebeen of lb 
■kin and from tbe uniform swaying back and forth of too h 
lb head According to others it waa tha sight of Ihe 
■make whhh made birds atlS with trtgtat Invcatlga 
tioni made at tbe Zooioglral (larden in London how 
ever led to an entirely different leault 
animal with exceiitloa of the ape looha 
aa •uNuetbliig to be feared and exhibtb aigna of terror 
at the sight at it Many anlmab show ralhof lome- 
thlng like curioalty and look at a striking object with ahloh 
great attention but wlthont morlng whether tha ob 


olM thet eppoer to JTiiroiMgii puMootwmt, end 
oUogethor to reflect the mott e d eemco d theitgkt 
■m eoieitoe and mduetrg througlumt the world 


I a anbatltnte for cork It has beaa found to split 


JcLt b 

foie IIh Hiuka throws Itself quickly at tha right mo- 
uunt < n Its prey the vtadm b caught and thb artthont 


baoauat B tanto 
to wear away tba metal where H reate on the wood 
ntalna a a t ae row minute eryatata 
Thane ocystab have abo a great dadl 
with the dulling «f toeb used In onttteg tte 


1 as raaer atropa for arhlch it hH bam am* . _ _ . 

■afnUy for a good maay year*. Tba woody Tb .Qiaa m BtQ tm af 


eadied bv Dr Knrt EToor- tbSM of tha flowering atema of tba Aamrica* alos 
^HatraUib of HeraMny (Agora omariraiw) b often out and thapad hg 

a the coontry Nhato (he aloe ginwa late fha 



snakaa are whereby the victim b said to be bald la form d atropa and tlwro Ig W dotot of Bg 


5 
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Making Safe Steel Rails 

A New Process Intended to Meet Modem Railroad Requirements 


Air'anthonty on imiboad niAtton hu itatad tli»t 00 
pat oent of th* rul fulviM «u b* divided into two taMnd 
alaww flnt enubed ead qiht hoada, end Moond broken 
baiea Tba tanner m moMd by oxonriva Mfnipition 
prodneing fanttlanea hi tbe mtenor of the MPtum uid 
tba Uttar oan umolly be tnood to • Mem in tiio bottom 
of the bom Titty per oent of the red proUom oonaleu 
m gettuc aound metal at even oompoaitKm and 40 per 
cent oonaiaU w ao ibDmf tba ataet aa to avoid aeama In 
tiMbON" 

Tbeea eonditlona have of oourae mode tbemaelvae 



fig Lr-Taeo at oa lagat bit I —After beating, od 
befero banting hetlng acnla reeaeved 

Mt only dnoe tho woighta that the raila havt to auatain 
have mureaand to their preoent pioportiona and it ii 
ovident that tbe art of faQ malang boa not kept up with 
the pangnaa in raibood deveUpnioat in othw dimtiuiia 
tat the taota abow that sunoly Inonoeuig the weight <d 
the tail done not enable it to meet the Inoreaniig demonda 
thatniafaeuigmadeoalt If proof of tbla wm nw eawry 
It oonld be fumiahed by the reocwd of one road which 
had 3700 nil failunn dating tbe tbrae wlnhr montha 
of Mil 13 and the foot that tail tadoiea are rapidly m- 
etanaug in tbu eountty The oondibona and the reoaona 
havn bean leoogmxad and attention baa been called to 
the fint that obamioni analyau at a teat ingot doaa not 
ftniab namiwo of the eowfatwn of the fimahed rad 
and that tbe apactficatMna govemUg the aoceptanoe of 
tafle ore entaeiy madeqaate 
Why thia aUta of affaira abould eooat la dUHeult to aay 
•van while reoogniiing the diffli ultlea that confront the 
rail maker bat it u gnetifying to aae that at leaat ono 
euMom la Uldng aebve ati^a in teeUng a remedy na 
doaeiibed m the following paper read by Mr Robert W 


Bunt befoN the Amecianii Somaly of M e rt ia ii iea l Xii> 
gineen whieb la baM r apr oduo n d from the /fen Aft, 
but It may bo noted that me of thoea who dUenmad thu 
paper made the very dlieot euggaatioa that the fanedy 
oured aomethiog thet ou^t not to amat 

InoraMed weight of tolling ftoak and void of bntmo 
have naomatatad Imaniiliig the aua of the rail aaetaona, 
and honee thmr wa|id>t. ud aa maoy of tho detaiU of 
rad maaidaetua havn bean ehaaged with eueh altara- 
tUns, it la not rarprUng that new nad UBaKpoetnd phye- 
inal Tmakniaaiia devalopad la tha beavlcr r^ One at 
the moat notabit woe falhna throui^ aaeoaent-ohapad 
plaoai fanakfaic oat of the rail flangea followed by at 
leaet out, and in piMiy aaaaa aovotal niptiiiaa aetooa the 
whoU oaetum of the tad InvMtigntion ahowad that In 
pmetaaally nvaiy inatanen of aoeh fnOim them wna a 
ffloia or laaa ptoaouaead aaaia miming longitiidinally m 
tho bottom of the taO near ito oeater and thni Inunedl 
ataly under lU web TUa aeem oeevn at the top of 
tho eurve of the oraeoenbahoped baeak and it it «>• 
doubtedly tba point at wbtoh tbe traotiue eUrU 
It ie true that mile with aotual dawn in their dengee 
have been rejeeted ee drat quality onea and that a vary 
pronounoed aaamy oondition of the bottom at tbe rail 
would alao aanaa ita rejaotion Boob rejaotloiii wan tbo 
umoa of frequent dia^tea between tbe mill operatlvee 
and tbe inipeetara the pomt being at to bow tar tbe U- 
ipootoci wen warranted in earrying theff oondamnation 
bat aa alnady taid It waa not lelt that a inigto nam 
union very pronawMd would be dangnmii 
Tbo ereuent-fhaped breaki wen of tnob tnqnent 
oeeumnoe that they mdicatad a viry aerlow condition 
and led nil makan to experiment with *he deagn of 
tbair roDliig paana with a view to nb^iatuig the fonna- 
tum of tbe bottom aeem It waa found thet tower 
teema ware prodnoed by luob ebangae bat they wen 
not entirely eliminated While mote or len mn eei rf iil 
in iwaventmg the formabon at mmat through lappwg 
on tha bottom of tbe raOa the formation of aeama in 
other parte of the eeetioa wae not partiouUrly affeetnl 
T H Matbiae aaelitant general euperintendant of 
the leokawanna Staid Company detenmned that tbe 
moat certam way of getting nd of aeama waa to remove 
that porbon of the metal which nmuined them and oa 
apphad to eteel null tfaue to eliimoate them from both 
the ban and head at the rail TUa wae a reoaonable 
onomption but ita oxooutuin I think would have 
oeemed very impoMtical to moet meUUurgml engineore 
Mr Mathiaa raaione^ that tbe pnirnwy eauaee of teama 
oxiatod previoua to any roUngM tbe ateel in feet wen 
inoident to tba coabng of tbe molten metal Into mgotf 
He knew that diakdike apertum wen formed on the 
fidee of ingoU while tbe motten metal waa beuigeaet 
and were probably oauaed from air bang entiappcd 
■golnit tbe ndea of tba logot moldB by tbe hot atari aa 
itiuaefaithemrida a oaoditwo whUb wm not oontrriUd 
m regular manaUetuimg routine Thie oomtabon le 
illuftmted by Tlga 1 and 3 which are pbotographo of 
the same fate of an ingot Mg 1 ahowug the ado aa it 
would anwar before heabng while Fig 3 ehows it afttr 
heating with the adhenng eeale removed Fig 3 repre- 
•enta tbe aotual Bxa of a section of a fMw of web an Ingot, 
and givee an ilhutration at bow cerioui neb aperturec 


may ha It bt appnalMod that, M lMPdfa|k pf 
tiw UgDt U teduoril Md sin^tM k tbe Mltte 
io.ofeoBria,waitheaFartuwebea h »>ii h ri fc lw n i i d | lu B ir 
bt touid Into tutuMa 

Mr MatMaidtoBriBMtdttMftuekeintlwreett* 
ataid eondWon pnant m the nidng of lM|e ah^ 
in tha focBBtkm c< e deaetheited ««HbM e« eRflC Wtir 
four {aoaa about 6/16 wsha* daop, end oeMkpMlIaat 
8 to 10 printo loiuor CHhM ^ tiu KkM 
indir It. the daeaitarlwd euvriop* gadouMadk Mkf 
pndwNd thno^ tba oeidUig oimdMontotMiikM 
an suhkotad in tbo aoakliii piU Than key Me hatted 
pnpantoty to rolUiig A thUt oilde aek U etma 
fanned oa tbe eufMt of kgota w tho pite. so that eon 
dittou an kturioMy pcsoaut tor tba prodoatfoa of su* 




Fig 8—ThamllMagteri 

a layer of lower earfaon metal on their outside faoea. 
Fig 4 lUnatratea the preaence of this lower oarixm 
envelope or ebin It ehowx a poliaheil and rlehod eroef 
section of a port of an ingnt which baa been heated to a 
rribiig tempentan OX the soriong pile but not railed, 
from wbleb It wiUho raalind that ingota of Uigaaeotlon 
have both dakdike aperliiree on thaw four (leae awf a 
deoarbunaed nvriope ui which they an aonUoMd. 

Mr Matbua was eonvinned that durtug ka proaaaa 
of raUlng mgota into mis it waa prariioal to region 
meehamcally tbe parte of tha envriopmg ateri whieb 
would form tha top c< tba haad and bottom of the flange 
of the fell and oxpenmentod aeoardlngly He derignod 
and bu aompaby loatelUd aa an addidon to tbair rad 
tnln, a miUng or a hot lawnic nmhiDe, aa I baiien 
Mr Mathiaa dealgnatea it to out off hot motel without 
leterdug the lagular opentwn or thus Intatfottag witb 
tbo prodnotJon of the null This Is Unatratad by Ftg 6 
which la a pBotograph of tba maofaiiM m (gMiatian. 
maehlne la located m aobehm in nUtfon te tha esHuf 
the rad train. 

The mgot M redueed m tho blooming nOa to an 8 by 8 
Inab cram aae ti o n and after crapping the ends the bhiOBi 
u further reduced In the ran^iliig or ahainng stand at 
raOa by flva pnoan When it laavae tbaas i«i^ It k 
apprailmatriy 76 par oaut finialMd and at thk parkd 

It k eainad to the light tad aetend batween two pkab 

ralta with Its boat or fhnga ado op A her wlddi wU 
mako fo« 3MMt mila k at this pelH in ke iotti« 
operttioB abewt 80 (aet in laogk, thanfwe. tba annef 
ntetat to ho out o8 or nnond k ka milling Mtkkw 
taapproximatriy Htgeh4aM,7taelMawl6eand6^fMt 
long It la drfvag kRwkh the pink nik at a rata cl 
eohetiaOOaseonds Tba pinM nBb ban a ^enbt 
of about K keb and kna. Mod ke hat belWUM ka 
twn mflBbg sawn irlikA an ao MMMedin k* booiliv 
kat key may be idkfd et lewend M Inodl ffom 

peaUag {Man betttMl tM ^ k 

ln^» Thaia|liiAr«t^k*WwM^tetatk» 
pikkflwnbakraM&frggdidimh^btjyiiflrMiif 
paifootliMfMkglSeMen. 
paratM fc driymt W ti kirti ’ <M '' 










7 «1*owR thfl oonditkm of tha •osunidated material wluah 
la la repibw open hearth fumaee ohargiiw bona 
Ttf tl ahowa one of the mObiv toda It la 5 feet 
in diamater with an S^aeh width of faoa aad revolvea 
at a pariphend apeed of 2600 feet per minute thua 
eaualiic an angasemeat of ahont 400000 teeth per 
minute dh the hot md har The teeth are of 0 HO nrten 
ated aad U baa been denoaalnted that they wfU mil) 
at leaat 30 000 topa of material without requiring drear 
ing The one abown bad mitted about 16 000 tona 
Vw 0 pteaenta the ahapq 6f the bar after it leavm 
the mOtlac maohlne paepemtory to further rednetion 
b the ngiilar rail rolla It will ha notieed that the 
miOiiig on tha Oaniia haa not raaohad tha eatrame edgea 
of the bar and on the head aide haa not affeeted tha 
ootiMta. Mid It anil be raoaUed that Fig 8 ahowed the 
mdling tool anth a atrught faea It ia appamt that 
•tlMr by a modiOration of tha ahape of ^ pieee aa 
praaaiiteil for treatmeot In the milhng maeUne or what 
wiH prubabW be mote peactiaal ohanging the face of 



Fig • —The her after It leaaae mllUng marlune 

tha tool tha milling eau be ozu nded to the oxlreim i dge 
of the flange portion of tiie bar and amnewhat around 
the eomera of tba top or head aidi Thia will nndonbt- 
adly be parfeotly praetioal and Uiireby ellminato the 
■aanu whieh may be loratod in U tei parte of the Iar 
8uoh elimlnatian la not actomptiebi 1 at invent and 
perhapa it may not be neroeenry The pnmarv ol jw t 
waa to eliminate the aeame from the ((ntral portion of 
the bottom of the rul whieb bad been the atmting point 
of the moonahaped failuroa and b remove them from 
the top or beanng aurfaoe of tht head of the rail Pi r 
eonally 1 tbnk it will be diaiiabk to extend the nulling 
by the uae of eoneave-feoed tooli 

rha work of rolling which Uu at*el n eivea efter 
the nmoval of the more or loee laminatwi metal must 
produee e batter product than if auoh ebmioalion had 
not taken phi e and in the oaae of sted laih it ehonld 
not <mly make them Isae liable to breakage on amount 
of aeama b thdr flangea but dao enable them better to 
rwHt the ahiaalve eSoota of trafllr 
Dnnng the many yoara of my lonaettiun with rail 
malneg I have examined e great many i tobed ipeumena 
of lada not only directly in eonseetiun with the proeeee 
under eonaideration but for venens other leaacms From 
aueh espenraee I can fully appreciate what Mr Mathiaa 
has aeeoaqdiahed The nirfaoee of prsotirally all raila 
when ehhed will show tome eeama on both base and 
bead and very frequeatiy the extent of sueb defeola 
will not be appnciableif the auale haa not been nmovid 
Even *b— It It not ahvava hi easy or certain matter to 
eatlmate the depth of the aeami When the railx have 
been rahieeted to tha Mathiai mdlug operatioa and itdl 
ahow ptonouneed mama it haa been found that bceaking 
(aata will pranUsally alwavt develop the faet that the 
tuat^Motia marking la an actual leam 
To niuatrate the mipearaww of many ordinary ateel 


milt of t imoitiu wlu notched Figa 10 and 11 ahow the 
aurfaoea of both hcada and flangea TheM apeeuneaa 
were taken from taile made by aeveral different maken, 
ineluding the T^kawanjiaBteel Company Theaeillua- 
tialiona not only elearly ahiw the field for aueh an opeta- 
lion a* I have deaenb^ but aho the extant to whieh 
Mr Mathiaa baa been abb) to aecom^tah it 
While I have confined myaelf to the matter of ateel 
raili it u patent that the prr eees will be of great value 
m the preparation of Mouma f r axles and all other kbda 
of forgingi At la will known it ii praatieally the nni- 
venal (uatom to endeavor to remove themama developed 
in mlhng axle billete by i hipping them out through the 
use of pmumatw hammen and for aomo of the higher 
charaotan of fatginga notably for automobile porta, 
the endeavor to ehminate thn aeama la earned to be 
extent of taming off the whoU turfaM of the hdleta. 
T am confident that by the Mathiaa plan the gieatwr 
part if not all of suoh work can be eupecasded 
























Waste in Hiring and Discharging 

A Di&cussion of an Initx>rtant Indtistrial ’ 


It hai plflMFd your PnRidmt to aVyU u u kddnw 
what [ wMh to pmutit to you in an infonnal way m 
ivfMwneti to an mvmtisation into ihi oponoaiH' waat« 
of unneinManly diMbarpnc Mnploypnt I have nut 
h« retofon apokon yublu ly on tbi iuh 4 apt and hava un 
AunrmafnUv tried to dodge «t at tbi« tiiw matnly tor the 
niMitt that m order to give propir hatkgruund to the 
HtahimnU whioh I tUiurv to maki I ought to preeent 
I iirrotwratnig flguim and taoU hut oaanot do lo fdth 
out divulging mformatkin given to me oonfldmtiallv 
>■> a number of numufaoturing oonMnia throughout 
tilt tMiUDtry I aball be obliged thenfon to uae ai 
illuAtrative fIgUTi II BRngatf ulatUtm of aeveral eonuimii 
rathiT than tin rtte examplei of inditidual employ 
menle 

I vtrv III) wlui u an t xieutive knowi liuw diihiarteu 
ing It iH lu induRtnal lift to be obliged oi tamonally to 
liHiniHi implovoiH lu ulidieoii to Wintaa londitioni 
and not at all on aei wnt of any fault of auih employeaa 
Duireganling the ptnonal and human aapeet of the 
pn liltni and 1 Mking at it r lely from Ihi oold bunneiR 
Rtandpoint it ir at onto rlear that every unnieeieary 
Ihuniinal if an tmploy o nieany a deflnltt etonomin 
loM k thu vmplu>n' If through the adoption of dif 
ft rent nutliodR than are now m vogue thiR eounomk 
wa«U an hi pnvinteil iither in whole nr in part it 
bill I men a duty of the employer te htnuelf and lo hu 
impliyeiH li re-amngi hu mathoda of employment 
in at ordanie with unproved Rtaodard* Many em 
plnyeri havi nmogmxod the truth of thiR Rtatement and 
have found it profitable to maintain fpenattied employ 
imnl depnrtmenta In charge of eompetent managen 
They know from oxptnenoe that it doee not pay to hire 
anl diitehaige bapha/ardly they rnaliie that it coeU 
nitiiipr lo train an i mplovee even a ekilled workman m 
the Npei lal prai-U ce that are peculiar to a given eon 
eem and that the dumuii«al of an emplayee enopt tor 
giiud reaaonii meana that the expenditure for hm training 
liaa gone for naught and that an additional expenae 
muat be meuiTBd m the tramuig of a new employee 

Apprwiating the aituatuin I have given tome Ume 
and thought to thia aul }ert and will praaent UMlay an 
onthne of my flndmgt I hope at ^ aaim time to 
make omployen rcougnire more fully than they have in 
tbi paat tbt importaiue of thia phaee of onononue man¬ 
agement 

A great deal hae been said u the laat few yoani and 
properly no about reducing the eoat of prodiiition 
through io-i ailed eruntifla tnanagemeat which en 
deavort U> eliiiunaU evirv unneoetary motion and 
every uunereRMry expenditure Hand in hand with 
if not < VI n preceding thia effort ahould go a well-direeted 
indeavor for a rlomr analvua of the men whom we 
take into our iinpli v of the ayaUniia under which we 
tram them in our work and of th reaeona tor and tiu 
uutliodB under whi h we lot them go only to haie their 
plaeiiR fllled again I y m w teonuUi 

Mv nheervationa were eonoemed with large medium 
Rite and Hmall manufacturing noneema throughout the 
ITnik d Statra all i f whwh form a part of the meehanieal 
nuluKlnre During the aiimmer of 1B11 while in 
I iir pi I mwli Himilar inveetigatumi in fantonea m 
\iiHlnn U rniani k ranee and knidnnd Inturmation 
anil HtatlMi h from theee Uumpean faetoiua would in 
Hi ale that tlu (inblom under diaeuaaion u not only 
a aaUiinal but an intomatKraal one it h ao muidi the 
more eurpnanig tborrfore to And that it hM reotived 
eo little emnuR avkntton by aagaemui buaneaR men on 
thia and tlu other nde of the ocean 

The inveetigatiDn esdeavoind Ant to Inoe the eurve 
f ingagementa and dwohargea m the vanoua ooimma 
ilunng tht penud of one year and then to arcure and 
atiidy thu naaona tor the dunhargM In older to And 
If p MnbI pmetk at rnmediee for the nmlHing dtaatkm 
Ml data wire obtwnid for the year 1012 which may be 
imAHli red te have been an mdoatrlaUy normal year 

Thi mieeugatuin onvered the employinent and dm- 
barge of all elafaca of imployees at tba vaiioni faetonea 
except thoMi belonging to the eommeroial and te ig han r- 
ing oiganiaation and lu tho general exeoutive etaff A 
nt ord of Iki He who bad eiiterod the aorvioo of the eon- 
iniR for the Ant time and of thoue who had bean work¬ 
ing in the aame plaOe at a previoua period waa abo oh- 
tauii I for It waa anuroed that re-employmeat would 
UHually cauw a kmalkr expenae dian the employmant 
of intirtRv new people unfanuUar with the oondiMoiu 
pn vailing at a given fai torv _ 


By M^ui W. Akxuidar 

for the group af faetoiWa tor wUeh I dkall pnmt 
Afuree m the aggngaia it waa found that of iB peopla 
engaged dunng tha year 1013 ahoiit TA par eeat ««n 
entirely new empioyoM and niwTiapniMHngly about 37 
per cent wen m nnffiffrd en^doyMa Aa a gan wu l 
propoMtian thia pemaitaga wfil apply (uMy wiB to 
any nonnal employauant In tha loaalMleid 
The group of factonM iuai aOuded to, eoiurtag tha 
imploTmeut of mala and fanala peraona and a gnat 
variety of meohaaioal mairafaeture rMpdnng labar rant¬ 
ing all tha way from the In^iaat alnllad to aatuaty un- 
tkilled workmen gave employment to S8 ABB employeaa 
at the heginubg and 4A7BB euployeea at tha and of 
the year 1013 The taeiwaM la iha werfcmg /arm m be- 
(teirn January lU and Dtdtmbir Slth aiaatmled iherg/'ere 
laS lU pwplt YM the reeordi ihoie lhai dannf <he Roew 
ptnol U m pttpU icm mdtMuig Ihit S0m 

ptopU had dropped eat gf Me «Mpby«ea< duniig (he year 
/or tehalAoeier foeioa In Other wecdi about b\i tiimea 
a« many people had to be engaged during tho ymt aa 
oiinitituted the permanent iiwteiae of tho forea at the 
end of that period 

Hevoral reaeoni mlid>t be given la eapteaatwn of thu 
eondition It mi^t be etated that tha labor market 
In a given loeality wae m part requmilile for tho utoa- 
tion It niqdit be elaimed that In a partiealar plant a 
temporary pueo of work had to be dona, meh aa the 
dig|^ of a fonndatMn or the budding of a itnietun 
hw which labor in e te aai of the normal qiioU wae 
needed temporarily to ba dupenaed with agun when 
the epeeial woik waa Bni«hed UniaRial eoi^Uoiw of 
employment nuy be pointed oat aa the raanlt of a highly 
Auotuating productive ntuatum brought about m tom 
by a largely varyinc flommueial dmnand on the faetory 
during tha four Aeaaoni of the year Filially tight mnit 
not be lokt of the feet that tame people die othen drop 
out on aeoount ot prolonged ndoicea end ataU othen 
leave the employmeat for receona that eould not have 
been obviated by tiie management 

Tha unpeHofU /oUr hmatHr Hand* out Ihut 44 SOt 
people had la be eniwped dunnf the year to retoui leee lAoii 
to per eeiU gf that uumber 

Tbeorolieiily only a* many people ought to have 
been hired at en re needed pennanaotly to mereaM the 
fom At bunneee men we know however that theo- 
reboal nonditiona do not RUtrouad our oomoiereul en- 
terpruMB and that we miut make oertain eUawaneea 
m ordtr to view the problem m ite preetioel eepeei 
Aoeordingly we muat admit t&at 
(a) hlen die and must be rejAaoed 
(1) Men have on acMont of dokneaa for Bufflmendy 
long penoda that their plaeea nuit be Ailed by othen 
(e) Men oven though they have been aoleeted for 
their poaitKnu with good judgment leave of their own 
accord beeauae they do not And it poeaibte to lemam 
m lluir new poatioiu whether on aoeount of elimatio 
nonditlonR domeatio affaire or oth» reaeona n e ee m i ta thi g 
Ihav removal from the loeality 
(d) FbaDy it muat be re ^n iaed that no employ¬ 
ment dopartrmt ean run on a 100 per eont edblgiiey 
baioa 

TakhigUiino Ik me utu aoeount Itnuutboeleertliat 
more than X people will havi to be hired during a year 
In order to moraaao the workmg fotee by X penooa. 
In an altempl to awngn vsluee to tho four oautee Juat 
eoumaratad I have innmed that annually 
1 per eent of eH employees die, 

A per eent leave os aoeount of prolonged Mtaun, 

10 p« oent withdraw for reoaosa that eould not have 
heUi (ofoseen at the time of thaw ogugAwM, and 
73 per eaot eeaetltale a readily atiateabls eflWwisy 


amoelatwM Mdy enB igplM wl^«A 
ewtlmidsi. 

in nKUt fMdoliee to ego]; eg AMI iNdO 
paioduthw 

egemant hi* delMte kMwlMt*. 

S par miM ef aB emgldyem fill «• 1ft 103 


from the Mrvtee ^ 

Aa to tha annher M papidd who witWhM 431^ l|d 

year for iriiataem othm NUMB, MtNpd ^ 
uid (teih so nUsUt n|Mrii 90 t NMi Ift 

faot the only mfontMimi that 1 aeotd ludmillMeiiit- 
tainedmtlieUnitodStaiee(aivBBervtaoiuparVaeaai4- 
mg to wUeh 8 per emit ef aB BuvetnwBl ein^laaiaikafa 
Rapemtad from the nryim smuaBy for aW w ee k , 
mohidiiig that of elehneRt anil Oiehaife ^>^3. 
however, that gorenuMatal emptoyauBt eeodUilWeN 
diOaraat fcon thee* la iadnetiial eeta hHin i w te. t haea 
donbled tha fOvemauBt ealfanate by eBoWlag IB pm 
eeat tot withdmtnl by death, e htbi i i ii agd MeiglMdeg. 
or 10 per eeat tor withdrawal by oavuldabta tMhpa- 
tiona alone 

TtnaBy. I bdiere that a 7S per eeat efli l igey qf lui 
employiMt departmint aad avem a grtatHr ciBetthey 
ahould readily ^ attalUBlilo In a UgUy apeeUUaid. d^ 
paiiment m ohatge ot one or a few penoaa- 

It foBowt tharetae lhai wbfla tbeowMeally 8.U8 
peo^ ihMiId have been m aplo yed to iBow Iqr am tn- 
oreaae of the woikmg toeeo by that wuaber, 11BSA per- 
■ona ahould have heew cogagMl la addWm to eavur 
withdiawala by death rioknaae and reeignatiam and to 
allow tor iwaotleal employnieflit fanlU If we taka 
oogniaanoe fertbennare of nomuBy Anetaatiag pm- 
duetlve eondlthma iumwaaHatiin at tunta non aad at 
limaa kai eanptoyeea, and of naprSTMitaUe wdgiaeiaa 
ot the labor Mtuatiiai. we eould make a fortliar eHeniakte 
of 3187 penona, npreieiitiBg 5 per eeat of the total 
wetidiig feree thien^MBt the year 

Whole lAserUHoBy, Uenfore, eniy SJU per e e m t timid 
haee iem mfSgid ftoeheaUy Ihe efifafeaiesl if M140 
toM readily te defended 

WhatilmU he eaid,hoieeeer,rf (he Joel (helUt order U 
inereoee Ihe feree durUw Ite year by t ltd 44,9UleMhod 
te be eu peyi d ef whom $t tit wwe Ikenfere n yeye i aieef 

It ia obvlana that a enuiderahle aam at muaof aaiat 
have baon wanted m e a g a ghi g aad hotrespimdlaffly ffii^ 
ohugfaig anneeemaiOy m a forea of man nod weaua. 

In order to atom a huid ptetoie of tide last I have 
tried to aedga a doBat-aaBweata yahu to the Agtoea 
juat iiuotad No reBaUe biveatigatkm aeiau to have 
heea made aad pnhMud in leapeet to aaeh BumaU 
vnlnatMB Indnitnal maaagmi wen tberefoce. In¬ 
terviewed m an etfOrt to obtain bem them if ptaaibie 
a eoaseosaa of tqmdoa Thaywemathmloathtoea- 
preai their vlewn haeaMO they had not glton heratolwa 
iirl«M thought to ttaqpwBfhm, TMr tojlitoito wwiirI 
man 38600 to 318000 pm emphm. tow dtoaMii 
Anaaewl valaatka td tha waito ai W lltaa 
enqdoyaa end deaw waai ma aa hlA adWlOOO pv 
wgoyw tlto y ?? ** 


amehhw tool MMtf. wlw to My tot^ baa 
u Bdhiwli« uiP ilMMn 4l 4to htod. attar tbp ^ 
haaa aaUad to hit MWgito*. lonltol Into tWidwni 
with iiwto ipltf |M lilh MM «ai 

whBa thd^ panuiwB JoM H MM h^ di T b 

toaa SB, toM MMa by 


group of ARetorwiaaderiBveetlgatio«.BadMlp3lJdyein ' ^ 
fur male and 38 ytwe for homto eaeployie e. I tagaad 
lotoniaBoeetaltotkBaadfoaadthatBBeMwBaMry eaatpl*^ 
1000male]Mamaaf31)dymno(BCuagd790wa»ol 
every lOOObtoatopaneniatattatongf agaedadtin- toftalili 

gaged m geiwnl haltoy eatotoymeMi, M UiMy tm 

The ixpNtonM id tsM »toil beaeb todhfiM 

mfhotoilei loam illliartlwg Over a petjMrwt tIAtogt 10 
yaen rev«aled that QpwOr atofoto 7 b ofn^fifaffi 
aiembtn wen reawW*! 'iif daglh. Hbm BUb toi , 
thaa tolly eomM^Bty ato M l na | W U> 0 > W 
amvea 1 pm seat ef MM W , 

ImoimiiM etattotlm IdtoM 
ofave»agetoetotytoipIMM«Mto^ 



of average toetatytoaiiliiyiNl 
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New Faunal 'Conditidfe~ffl'^he -Ga^plp ^ 

Notes of an Expedition to Investigate the ttenilts e^the Physical 
. By H.-£. ADthoasf' 


Duune tbe moutba of rebnitqr and Mmitb Of Mat 
yrar tt wtu the load fortune of the inthor to aaeom* 
iwiv, aa an Amorloan Mnaanm MpnaentatlTe, Mr. 
Ucorge Bhlraa, Srd, on a trip to the Canal Zona. Mr. 
Hhlrai daalied to otrtabi phototrapba by OaahHfht oT 
the anbnaJ life of that reglait. a method «< whldi be ia 
ouo of the foremoet eaponenta to^y and which haa 
yielded Mm aome remarkable reenlla In tempento 
reghma. It waa thionab hla aeoeroalty that the Moaaam 
waa able to eend a colleotor to Panama with him. 

It wae expected that fhunal condlOona In the Canal 
ISone would be undergolnf abrupt changea becaoae of 
tbe dammluf of Uatdn liUe and the oonaeanent eiten- 
elre blab water. Ftem a bailn with no lake worthy the 
uame, with Htaiidlug water conOned largely to maraby 
areue F.xcppt during the height of the rainy leaaon, the 
(latilii region baa been trenaformed by the huge dam at 
Ibe lock* Into a lake of one hundred and alxly-fuur 
laiuare mllea In extent and a depth of aerenty to eighty 
fOet In many placea. Thla flooding of ground formerly 
high and dry, It waa anticipated, would drlre many 
anlmalu to aeek now homaa or might eren threaten aome 
of the more reatrlcted, lowland'Urlng animala with ex¬ 
termination. Incidentally many of the lalanda and ridge 
cmta left above water might have a concentrated fauna 
driven there from the adjacent flooded locatlUea Other 
phaaee of the queatlon dealing with the newly created 
lake were the wiping out of Urn lowland foreata hy aub. 
mergence, tbe rlae of new aquatic don, anch aa the 
water hyacinth, and the probable Inhabitation of tbe 
Uke by water Urda Buck were aome of the Item* In 
the purpeae of the expedition and we were equipped to . 
take advantage of theee new ctmdltloni If the foregoing 
aaeampUotM proved eorncL 

Aa Qatdn Lake wai the center of Investlgatloii, It waa 
Idanned to work from a honat boat aa a baae camp, with 
a lannch and amall b«ata for aide trlpa. Accordingly a 
boathonee waa made over by a flew altoratlona, but only 
after cornddoreble time had been apent In trying to 
•wore Bumethlug available for the porpoae. The hooiw 
boat waa ao low In the water that aim could be towed 
only In a oabn aea, a condition of tbe lake only rarely 
met with, and at bent the Unneb conid make bnt eluw 
time pulling ber. Late afternoon of March fllb saw ua 
leaving Oatfln with the bonae boat and by 3 o'clock tbe 
next morning we were tied up at the heed of a water¬ 
way or truvka that branebed off from the Rio TrjnMad.. 
Thin wan our main camp and we hoped to be able to 
work the nndleturbed jungle from here. Cnfortunately, 
a plaatatlon nearby, a young fruit district only recently 
made acceenible by high water, cboee thla thne to bum 
over nome clearing and we found tbat the amoha nm- 
terUlly interfered with our nucceen. Cameran with 
flonhllghti and bolt were eet out In promlalng apotn, 
IlnuM of traps for mammala were ran dally, while the 
jungle wan banted In hopee of ehooUng npedmene. 

It wen at thin apot that we made tbe acquaintance of 
the largnat of the ranamanlan monkeya, the "Mack 
bowlera." rreqnenlly tbeii queer booming, roaring 
liiiwl echoed through tbe jungle, a call that carrien for 
long dUtancca. They howl otteneot jnnt before or dar¬ 
ing u mliuilorm and the natlvoa thna look uimhi them 
DM wmllier pnqdietn. Upon one ocoanloii I atuod Blmaat 
uiulor wune treca tbrongb which a troop waa paaaing, 
whib- tbe flrat big preliminary dropa of a nndden ahower 
lettered upon the leavaa about me. Tbe voinme of 
wHiiid that laaood from the black ihaggy throats araa ao 
great aud an suggestive of a large onimaL a Ihm for 
l■xample, that I fbund It hard to reoandle myself to tbe 
Hctiwl facta I fclt a pang of regret at •tieoetng one 
Ilf the "bowinn,’’ bnt aa a apedmoi waa needed I ebot 
iHic of the foremoat and heard him cnah through tha 
llmlw h> tbe ground. Panga of a more effective aort 
were experienced when my native boy and I attemptad 
to retrieve the monkey, for he had fialien nndemeath a 
iNsee’ nest the die of a bnahel baaket lad we found the 
iicHt too bite to avoid it 

other Intereating mammals eoeouiitered here were the 
ppctty w)ulrrel-llke marmont the abort-balrad anteater 

.*Thr ripMlttkin wovM uater urthoiltr IVnm tW Chaal 
remiulanloii. It In ef sole that Cohnnl OoMkala nn the flnt 
Hril lovanioc of tha Ijnul Enoa, eoattWNn ndhcraaac t* tbe 
gynllry he mtlBUload dnrUig the natBentag work IB tha 
l^ranlini. Bjytaly, ttiet tha tathaiaa nhaU be a gawe pramrva 


ually wondatliig at the earteig of On tlfd life and the 
divenrity of tha bird goBgi amf ariftwNa The nutaff 
perrota that ehooted la tbe bton^ until Ibe Justfe 
rmiig wltb their tuaitit, «bc ffru^u* taufeua whidi at 
timta vM with the pumti, t^ Atthg Of the pent* 
keeta, abd the peeuMat dNnedfbe ciiUa at tha ctaaeha- 
teca, or “wild tarkv." peodaded ea txapteMlaa that 

night myabettoua noiaai wen heezd tedm nnknowa 
aouroea, and one wdid taogblBg enll in pnitleular 
canaed eonjectnn to nm rtflk tbeie bntug aa Muy 
aqdnloaa aa than ware tiata a m e. 

Beoldaa tha work doM oa tbt Bio Trinidad, tavettl 
long trlpa were made by Unneh far up tbe rtrer aa the 
launch could oaoend and twuothen up the Bio ChtUbrlllo 
to Home llnientoue uavee for bate; On tbeue trlpa It was 
found that tbe rlaliig w a t e rs had laceotM Cw up tha 
rlv«w vallcya, which In thla part of the leglan have vary 
little fell, making them navlgaUe to tdniiehee where 
formerly It would have bean lapcealble to' take a coveca 
or native dugout Bonne of tbcae flobded rlvera—rivers 
hy rourteay, for In the Btalae tbeue otreama would be 
called creekw-wlth'tlulr banka denaely Uned by jungle 
vegetation which met overhead and dropped to^ vlnea 
end Btreamcn Into the watera, were very beautiful. 

Kveiywbere we flound the fOreat Inundated. In 
regions early flooded, where the tic^ won lubmeifed 
fur the greatM' part of tfaelr hetlhL aH the treen were 
dead and leafleoi with an oeeaatoual treat dnmp of 
wrehidn, the only greee left Many aqnara mUes of the 
Nurfhee of Gatfln I«ks are thickly otudded arlth dead 
tree-topa of what waa at obe time splendid tropical 
fonsit In regtuna of later high water laany^et the tieen 
were ntill green and blooaoaelng; eepaeially was this no 
Hhnig tbe nhorei where but the lower part of the tree 
tniukn were under water. It la not Improbable that 
Home of tbe more reelatant trees may live to a ripe old 
uge with their roots, aome feet below the anrlkce of 
tlatfln Titke. for some tpedes were foniMl flourishing 
among their long since deed compsnlona No new 
HtiuaUc growth, arisen to take advantage of the altered 
cunaltton^ waa noted, but the condtUons had probably 
not been In operation long enongb to bring about such 
a growth. The dead trees are conatontly falling and 
the far-reaching crash of their deacaet la one of the 
common sounds of tbe lake. 

Oatfln Ijike wlH undoubtedly produce new economic 
rondltlona among the nativee of the adjacent district 
Tbme natives formerly bod no other watarwaya but the 
few rtvars that traveraed the Interior boaln, and wen 
available for navlgatitm only to a limited number of 
rlllagea. Such rlvera were tbe Obograe, Trinidad, and 
OBtdn. Now the ftr-extendlng lake riwiea provide such 
an accesolble waterway that the natives are learning to 
navigate on lake wateks, tad every morning their 
rsyeosa may be aeeB tlned up at tte native maAet 
ahmi the leek-trout et Oatfln. Being primarily river 
boatmefi, bomrer, they ere yet aometihat dtatraatful of 
tbe take winds and do mdri of thair traveling at night 
wbee the winds die down. During tbe dry oeoaon, from 
January to April, Uie wlnda blow uena the lake 
toward a northern quarter et the eempun, and juat the 
reverse tuAda true far the rest of the year. This wind 
at rimes beeoaaes strong oueegh to thieeten amen boeta 
serWnaly, end et practically an timaa of tbe day would 
be a strong check on the p rogreea of tbe native dngmit 
that was factag tt We found It MoeoHry to awve the 
house boat always at nWti and hi the tiriy aorelng 
houa beeaeae of this wind, and thla 'pcsviid a aatletia 
obatacla to woAllig many loeallttaa, hNaeoa It wn out 
of the quwtion te nm at ntfM.wtthout a aocn, and 
wheu we moot wtadied to move we'hOd p MM rising 
mofiti. After drMitt tiw Munch frit-tm o^ a tatiag 
tree end into paftMUy aum ijiMgia liBih apd tiee tepo, 
trytag to ataer by Mhtom 11M> wff MMtoed ««r tUthN 
movemoute to mboultt hoen, . 

Whenever <ne Mt ^e wetets at (MMs taha Cht 
denw. unaltend j^togle wga at lafaeMMoilMMad and so 
matter bow unMb Ba haauty waa to hf admlied hma 
the boat Its IppcMtntdltty waa ao Mm dutwil, 
It was usataou to attonffit touB MWWot 

recontee to the maohXfli tha Muff tnih .katfh M Uiflh 
America, and many won the raUttm «| aMI 
.thonmtobeavcldeft On^lfatot^.thMk^ni^Wfj^-'' 
jnngM, toe huntgr «ii«W|.fti.nflfloiaai» th lttdh<;'l|liiiyi|-.. 
In OM fomr to order to.MAi tale s« 




wanM^' W a.Dimm!-. 

move urn dbhiMifWa tMaAtft.i^ 

Mosouttoih. the > tonflic bgilh 
were iipjaA 

mtoyM^'thflV 

ergntod a M dWribulieh, 
howevtir. mode ««l|li'dlllfftne lor onrflUliMhWMPit^ 
teal we had: pnaitted Wgn !iat;«fiaf pp»t.hy'M>kdWi^ 
The jungU eveiywhm iinui d tdWiW Ihigs'llmaiW'' 
they dk) '.aUj^thag eeuld to Xlt mdsariMfl'«■}#;'- 
Ants also wen flound to abandnsos and It ww ftkMlIlt' 
Indeed thet our caat* wu a loatfag oua ah* «h|h|iii|i: 
off from Inroade of than nnManeeo. Om epariee of hiM 
In particular wlU be loug natiptiNM* by^twe .gjiedina'' 
of tbe party, for It etong with a ve n omeui vjgor natar 
equalled by any bee and mada tha rietim iaiglna' ha 
bad been etrnck by a inaka at Moot 
Cooeentration of animal ttto had tehan pMoa at fjin, 
rising of Oatfln Lafca, and moat of tlw ^nds ttni i t 
bail many tohabltanta at drat. The Oetda Bust Cduhk. 
however, aaon reduced the popuMtlon at than latoadi 
by hnetliit them vrith hom^ and aa the qeeny In 
moMt iDstancM could not Mare the laMnd, the leindt'wha; 
a eiMD sweep of all the Mrgw apeclet. Ve wsn'Wih 
Mtc, congaqnauUy, to dhd abundant *ume on any af'dto 
isMnda hear (totdu. I aeeomputoad tide taunt ridh an 
one occaaton, aacuring two peoearta u > i ■ - 

Tbe moat WBdeut method of hunting the Peen—hhl’n ' 
Jungle wai hy means of a heudllght at nlMiL The *t$» 
of tbe light, worn on the hnntei'a head, im refleotedte 
the eyes of the enlmal. wbhM aUne Iflie tore eriw Of 
flrn—red, green, or blnlah. dapeadtog on the Oidmal 
••ahoue.” The bunted animal win aeo noUitog but tbh' 
approaching light aud tolla an euiy vletlm to tha rOg 
or shotgun. On accoiMt of the danger to dsmeitlc toodr 
and to people by promlacaoaa riwoting nt hlgbb thie 
metbod haa been prohfbitad on the Bona, bnt h^oud 
Zone Umlto it M today tbe flevotlls mode. v 

Tbe trip reenlted In a good setlea itf floahllght pMP- 
Rrapbe of opoemiina and eoae of the loHiller ntopitodfci 
Tbe appeiatim flor “flaihlng" the aataab was get atit 
by aome runway or vr t tot^eeurpe where eutoetie wetf, 
apt to poop aedtcaaoiatadet a mechanlam to flra k ualr 
nealum llaab aw) it the «aae time trip the 
of Hie carnem, wbleb vros flutoosd M a madeer to dgka-^ 
mand tbe trail, A thread ettoebad to 'a halt ii^ 
stretched out before tbe cumotu died the Baah whan 
tbe animal pulled tt > 

Rerim of tha rodento end the eataller veammele ytffia 
secured tor the Moeenm wdlectieM and for the aimt 
liert ere of epedm not hitherto rapraetatad. The tiato 
was tqp Uwlted to eeniejauny ot,tito Miger atoto«n|k- 
whleh am tounditndw Bohn - 
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^otection Against Torpedoes* 

' A fi^i|jtu$sion of the New Conditions Created by Mines and Submarines 

^ ■ilt*bu pcoJcotilM. OanenUy tpcddoc. how- buoyutoy ramltliic from » hh nuy ho eoMldmbbr 
?*^>*!* ^ *. P*^ ^ *y to Hftt, nooofM to neh mMOi k out ot th« qncotion, reatHoted." and "Up to ths ptaa on t time the lubmaiiBe 

mmw. » k' ikHnnjr tmami and aabtr Uea out; in the dkeovMy and daatnotlon mmaoe hai not been oomiderad of aolBoknt inportanee 
k “ * OToWanoe of the attaoldnc TaaMd. Whan the Utter to juiitlfy the adoption of irmor for proteotliw the hot- 

k » aubinaiiiia and the water la broken the dilBoulty torn; althoucb dinuiaed horn time to time It haa never 

S atiate kClM <Ni|»W **•, ^ ** »*« »wt defeiM ranaina lm«uUr ipeed hem fitted." Mr Philip WatU and many otbera may 

t'fW'kttniMfir at th* and the tm an Imitular ooune. Wo an Ihua Wt with the now aee reawn to alter their vUwa, but It muat be 

)lkk> bo itkMailmi «W wnuui » in^ foot that lu maehaniaal nMaoe have yet been dliwivered rememhned that with a idngU poaaiblfl ezneptlon, 
rm/t; Jkf- aha ataaeat pfeagaMd to ngard thm to prevent a wriUlmed torpedo etiildiit lU mark with, about which little or nothlnR u known save from Ameri- 
ilNcMk VtjA thtl (tthw band, wu aoeaipt the in tha eaaa of older th^M at leaat, fatal effect. Thconly can rouraee, no modem big Britkh ehip bai niifRed 
«t^-w« an faoad wttb tha problMli haw a Oei^ bopa, then, Hat in ro eonatruotiong the bottonu of ehipa from mimw or torpednoi Only ddcriy ihipa have been 
thddb^Wa aajf a “flamaa tob^” thatthanbmarlnaexplodonehalldiiiiooroiily lonlUed aunk, >hii» that were built wben rabmarinoa wen 
Ibba k Mne iwapa fog Inikvi^ that tba tajurr- it k on thk line titat anhltecta an working. little conudered. On the oUict band, it appean that 

^ada m amfol to ■■■»• thtt tbelt find Wbethor ornot the bottoms of our Uteat eliipa are the “VinbuN Unitu" waa torpedoed reoenUy by the 

'.kjlka <»a> rt e B>a t<i i a riy eat of aathtn. ai oura do. whan aonond wa eaimot aay: but even if they are not. which Frenuh, and it ii reported tout a modem IVenoh ihip 

' lliMbnakad(|ltflMn.tlMkiaoactagl,iadth^^ k laobably the eaae, a form of mibdivkion •imilar to of the "Courbet''type (1010) haa ako been ttmek, but 

.WMU btAiaanatN* fioatlDg mwtfaned pdiM. Pnb- that emp|oyad in reoent Franeh sWpe—the "BreUgne'' in nutllier eaie hue the vemel sunk. Then ia a rumor 
k la o podtlod tp ny whlah of oUh for example-ia uaed. In general terme thk «>n- ako tliat llie "Oeehen" haa juat been fairpedoed without 
Wabt two WOioa, both of wbtob bate eknwmk of Iro- data in foRning a long internal eaiaaon or eoflrrdam in- ainking. The n*aon in tbeae three InaUneea may be 
Ikf^ikblftyt Jgaa na^ mpoakbU, and we an not aide the veaael at the vulnerable undei^wator perk, that In mil one did the torpedo roach a fatal aput, but 
to for a lo)« time to ooma. In tha mean- It forma in fact a kind of double aldnning, only that the equally it may he that the new form of oonatniotlon 
0/Ub fhr tkobtam «( tha ndatanM of ihlpi to tob- apooe betwaeo the outer and inner akin ia greater than duet, at leaat, nave the life of the ahlp. 
qitolAaattMkkaBbtoaf^wdby thkUtoHkMB. in paaaengur veaeek and the inner akin ia made thick It wiU be gathered from thia brief review of the 

-tlw id^iM k ona that haa atinotod a great deal and of a partieuUrly tough kiiid of ateel. OeeaaionaUy pueition that while ermored Iwlturoa have been dit- 

of Mtoniioa ta r a n e a t yaati; but, on aomont cd the a fleslUa diaphragm k pUeed midway between the iwo euaned, they have nut been adopted, but that praetkwlly 

BM. pnBiy puTMiad by tha Admfaaltka of nart ooun- iktaia, and help* to pruleot the inner one against Ujury. all roeenl ship* are provided with under-waUr ofaambera 

Of aw own partUukliy. very UttU k known Tba forae of the ez^Um of a mine or torpedo expends or oakaoiw, on which the exploelun of mine* or torpedoea 

'OntlUo a Ikttitod oituM, aa to what itepa have been itaelf in deatroying the outer (kin and i* unable to »an expend tbenueives, and are in other way* nib- 

tahea to gtoiid afiilaat tbk everdnonaafaig danger. Aa damage aarloualy the inner. The ahip is, of eoune, divided. The only other protection againat aubmarine 

Wo ihalt Aow imMBtly. It k probabU that no eonntry badly injhted. but not aunje. We knew that this pUn attaek ia Ibe mobllily of the vcasol honelf and the use 

W|y apprwlated the aa bBi a r lne manaoe wben tbe war baa been adopted in Brltldi veaaub, for Mr. T. O. Owens of nets. Hub-diviaiem docs not protoot a veaael from 

bagmt. Until a few yaam ago theta ra novw any haa alated that ‘In moat of the Uler ship* there am injury of sunk a nature that she would have to apend 

qutotfOB of ainuwilic dtlpa' bottoma. It wa* tbou^t mbnurged longitudinal proteetlvc bulkhead* to ward many weeks in dork after a suoucsidul attack, and hence 

thht a uMrklg *^ generally maneovw out of agalnet tbe effeet of aubmarine expioaions, either fn.m it eanmit lie regarded ae final. We iwe thus driven to 

Ihd kay of a ton^ ^rben it waa eonaoioua of the torpedoea of mlnM" (Inat. N.A.), and wo have guod the cuiu-lusum either that annoring of bottoma muat 

dkwt^ ftoni wbMi H eame, aa, for example, in the gremnda for bopnig that any of the latest halUeahipe lieemne h Keneral practice ur that aome entirely now 

«MW of an attaek from a deetroyw. Proteotom then and battla.araker* would not auffer the fate of the old imauw of repelling or nullifying atuek must he found, 

wha only tasedad wken the veaael wa* at rat, and for veaaela that have been emit to tbe bottom by the iq. H«n> is a nrobknn upon which our roadcra might exeroiae 

thk imtpaae the torpedo net WM given to all ahlpa of vklbie atUoke of the eneifiy; but we may ask bow long Uielr ingenuity. It is, we admit, not very promiwng, 

aay nito Thai not, however, k no longer an hifanible after auoh an explodtm would the damaged veaack agaih but we suggest a* a ramrae which dues bold out aome 

MOnos vahut nwdam torpedoea. and aiiiee the de- be available for aervioe. “Hub^ivkion.'' said Mr JuHt hope of suoeuss that in the Drat place means for dU- 

vriopownt of the aubmarine, with iU invbdblB attaek, HOea at Newoaetle laot July, "oalttruUy auggeata lUelf ouvuring the position of an unseen submarine might he 

Iha stakonary or alow moving aUp k at a greadi dk- aa one mean* of minimising the effect of this damage; sought. To know the poaiiiou of your enemy k to win 

ddvantage. A new of defanee k needed. Tbe but, wheb. aO that k poaiible in tbia diruotion has been half the bailie, and if «'e could discover some deviiw 

prbhUn k one of nxtnun* diflieulty. There an only done, tiien atoms to be no great eeriainty that a battle- which would lend sub-marinn eyes to the balileahip 

two )*T*** <m wUoh a solutlan k to ba eon^t if oomidete ship will stlU be a formidable fighting machine after as tbo aeruplanu has lent supor-teirancan sight to the 

k to ba found. Either tbs bottom pkdiig having roodved the suooeaafnl omtacl exploshm nf a gemoBl stair, we should bn on a long way to avirfding 

^ p y vsH "»"« *■ be made so powerful that the expio- 21-iueh torpedo." He then asked, “Can we do anylliing such ealamilios as have oeeurred. It is well known 

lion eC a torpedo againat ft oan oanie little damage, or in addition to sulMUvhdnn to preaerv* the ship for ef- that all aubmarine* are noisy and tbat in a submerged 

muat bo dkeovtawd for keeping the torpedo at a feetive fighting purpoaeoT" and replied, "The effootivn eondition they are driven by powerful elwtrieal ma- 

In harbor it- k not vory dUBeult to enraro advent of the aubmarine seems to justify a serious cun- ehlnery. We auggnil tbat two liima uf reaeareh are 

tha latter. Obata^ may be plaoed to guard the aideration of the question of applying armor to the but- op<<ned by those facto. A modification uf the submarine 

lud, aa a ■eoandary pnoaution, the nets may toina of shipe." Mr John then showed tbat if tho bottom bell uparatus now flttod to many mernhant shipa migfal 

ba lowMcd on tha aUp* themMlvaa. In the open sea was to be armored with 4-infih platm, which be suggested he used to discover the dirnetioii In which a subraaiino 

fuah protootian k fanpoakbln, and the only eourse k to would be needed, a roduoUon in spood of two knots nr lay, or some dclieato device which would diseover its 

oapaapd npOU speed, maneuveiing qnalitiea, and gun fire, a dhnmutloD <if ahove.water armor would be nveesaary. jsisition by inagnetie means might be invented. The 

^ theat meana tbe aubmarine may ba driven off or Bpealdng on thk paper, Mr Philip Watts nude one luathr, of course, brisllifl with dtlfieultics, which are 
and H k ako eonwivabla that la tortain states or two remarka that give us aome insight into the eourse incroesed liy the fact that the information on which in- 

of ^ wben Ha aitpraaeh k nada visible by its adopted by the Admiralty. He said; "Defenve oan vimliim must lie based eBiiiuil bo olitoined; yet the more 

wahal tba torpedo might be sank or exploded by gun be provided by fitting deep inher bottom spaces henked minds are directed to the problem the nearer shall we 
,, ,, ---- arkTiiiiiiir" •ith tough prolootlvo plating, by whieb tlio loss of be to a soluUini. 


curvi- wuH rwtiliniwr Imyuud 1,070 deg. Csut., tho 
highest isiint of naJibmtion. Platinum, platinum-irid¬ 
ium thernui-oouplus am not generally used in mcasur- 
ing lemiieratures higlicr than 1,100 dif. ('^mt., or at 
most l,a00 deg. Cent., but in the present case it was 
found that tho couple still minained iiiuu-t when an 
eleotromolivo force of 106 x 10-* volt* was reached and 
thk was taken from the ourve as rpprnumting approxi¬ 
mately 1,400 deg. Cent. 

It k quite cloar that with a plalinum platinum-rhodium 
UiemiD-cnuple still higher tomperatums might have been 
roonrdod, but after the maximum current of IlMi amiiemi 
had boon running for a short thne tho tube oraoked and 
the faivosligation was not carried furthor. 

The investigation abowe that with a moderate eon- 
sumptkm of meigy the luminous vapor in tbe mereury 
are may attain and easily exceed a tomperature <if 1,400 
deg. Cent. 

The investigalion suggests. Hhi, that in all prolssliility 
tho temperatura indioated by a tbernuHJOupIu when 
exposed direeUy to the disebargo arc still very much 
b(4ow that corrwponding to the mean mokoular kinetic 
energy of the luminous vapor. The most satisfactory 
way, though a difflcult one, to asoortoin tho temperature, 
would lie to hiveatigato the form and variation in width 
uf a sdeotod'SiMictral lino when the coiwumptinn of 
eaergy In the ace k varied. 
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To bring out this putnt measunmumto worn made en 
tbo dknlisrge in a tube tliat had a iHaliiiuni-iridiiim 
UKvmo-ouupIc siwlsd into it with uue juimtion situaUd 
at tbe axk uf toe tube. Tbe harmlnals wive joined 
—one to a standard SieBums and Halske puUmlioinetor, 
and toe other ooided to 0 deg. Coot, by melting ice— 
and tok gave toe deetromotive foreea'uf tho junrliun- 
when dkehatge* of lUfferent Inteniitiw wen aent Ibrnugh 
tfcw tabiiv 

In nakliw toe cibaervbtiona toe tube was joined to 
ton ItOhvolt direot omrimt supply olreuit with a variable 
reaUrtoneeln aeries wbkh enabled uno at will to modify 
toe stieogto of too enmnt in toe an. 

Brfqce aefttfig the wltqa hjto the tube tho tbenno- 
eonple wqa eattbntod exporing the junction to a 
leriea of temptiatora given by (1) melting iee, fj) water 
and naphtoijmM boiling at atmoapberie preasurr and (fi) 
jdPe, ooln oOrer, aod potamiom sulptaate at their n>- 
^eetive malting tvofots. 

Ip naUag obatrvatkn* toe r.to of potential between 
tlw two torndnak of tha tube was measured rimutlane- 
okidy wMb toe aitongto of the qurreot paasbig through 
H. At tlia ifpra tira toe oorrmpimdinc dobtromotive 
ftMBtp <10 ftm toe ouropeaaatkm mpantua. 

- . A «rifL|^riaMM of f,4aQ d«g. Cent, was readied wben 
>thgtoikf itf pamiag^t^ Utlw 

; wppodsg tout too oaUbratlon 
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Edward Weston’s Inventions 

Rcvolutioni/in;; Discovenes tliat Resulted from Exact Observation and Original Chemical Th^t^ies 

By Dr L H Baekeland 


I Hr iHunenr vurk of Dr rdwHd Wwbm U not OMgr 

I diMnbe in n few wordii Hu r«ktla«i mvintiva ao> 
livity hM been ipmod over lo many wbjeabi bM Inter* 
twined 10 manr interloolanf pruMeme tiiat in order to 
undirstand lU full valut it would be neoenarv to entar 
into the mtnnate etudy of the vanoui obetaelM whieb 
oppoied themMlvee to the devtdopjnent of eevenl b»d> 
inff mduitnee whub he helpid to oraata the eteetm- 
dtporition of metal* the eleotzolytie reftniiic of copper 
the lonitmetion of eloetne Rewraton and rnoton the 
development of oleetnn ilhimuiaUon by ve- and by in- 
randiwent-bght and the manufnntun of ilortmal 
iiHwiuniiiC niHtnimmil* An imimiMvi lut of ■ubjwta 
hill in eviry one of th<M bnunhee <if indurtry Wielun 
WBH a leader and it ww onlv nfler be had ihuwn thi 
way in an unnuetakabk manner that tht art wae altlu 

II make further progran and dt vi lop to lU |wui ut day 
iiiaKnltude 

But why wan Weeton able lo overoome difAoultiM 
which Miemed almont unnumountabla to hi* predeeea- 
Mm and eo-wnrken in the art* 

Thu an*wer w iunple He intnduood in moat of hu 
phyiiiAal (irohlema a ohemioal point of view ■* ehemleal 
point of view of bu own a pomt of view whli h araa not 
aalwBnd with Rineral atatementa but whieh went to the 
hutUiin if thhiga He did nut get hu chanuatry Whole- 
anh a* It u dupeiued in *01116 of our hot-bed mithod 
(tlmaUanal matitution* He had to got at hw fanU 
PHviniLal one hy one adjuat them ponder ov<r them - 
(oUmt hu farta anth muih effort and duonmniBtion 
he did not aequin hi* knowledge merely to paw eiamln^ 
Uumi but to uae it for anHumiiUting further knowledgt 

It aemu rather (ortunaU fir him that one of the flrat 
funploymonU ho got m N< w York wa* with a ehemlLal 
lonoem wbub made photographu eliemnal* Thu wa* 
the time of tht wet-piati when photographm nude 
tbeir owu eoliodion tbur own dlvir bath their own 
paper Whoever wint thniugh ihoee dilioate opira 
lion* knew the difB< ulUea the uneertaintiea whieh w< re 

< auned by email vanalioiu in llu umipuaition of Uuoni 
aala or in the way of unog them PhotonhemialrT u 
exeellent experienoe for any young chemiat who ia die 
pueed to graerallrn too much all eheraieal raaotloni by 
more ebemkal equationa Wboeior haa to deal with 
UuHH debtate ihAnieal phenomena which oeour in the 
phukigtaphhi nnage Imawa that many unfnrsaem faeu 
(an nut • aaily be a< oounted fur by our aelf aatlafying but 
often HUperflmal generaliialHina < f the text-booka 

Wratun a ti ndew y to obaervt aniall detaila in ehendtal 
or phynoal phenomena led turn to improve the art of 
mi kel plating and eketrolyUe depoMlkm of metab to a 
punt whin It interod a new era Whin be undertook 
the Btudv of the diULultiia in ihu art ha took nothing 
fur grantid hut by oloae obairvntlon he auoeeeded m 
lievbinig method* not only of miproviug thi phyaual 
tevluro if the ck poait but for inenaaing enonuoualy tht 
«peod and nyularity with which the operation* could 
Ih earned out all theac unprovemenU an now embodied 
in thi art if 1 lettro typing mikil gold and ailver 
plating 

M Uiw turn atiimpta bad already been nude for tbi 
lunim pul nHlung of loppir bv nuauu of tho nleitni 
tumnt But thia aubjot waa then, in lU Snt clunuy 
period far n moved from the importance it haa at¬ 
tained now among modem Ainerkun indiutiiea Hen 
again Wiaton brought wdir and method where haoa 
nignid Hu careful laboniory obaervationi hnmaaaed 
by hu ketn teaaomng ink Heat eatabliahed Uu true 
pnn ipkM <m whuh eooninnu mduatrial eieotrolytli 
«i|>pf r rellning could be iimed out Pnif Jamea Doug 
laaa (( omim nnement addreaa 1 olorado Bchuol of Misoa 

MeiaUurgi al and Ckcmual ffnginaartag Vid XI No 
7 duly IBM pagt 377) tifferred to thu faot in a recent 
addroH 

1 auppoae 1 miy claim the merit of makiiig in thia 

< lunlry the Aral ekii irolytH ooppo' by the ton but the 
im nt H nallv due him (Weaton) who in thb and m- 
numerable other inatan ea baa ooneealed hu Intareated 
work for bu favorite aiienoe and pursnita under a Uuok 
veO of modeaty aad gtmeroaiVy 

rhe whole problem of elantrolyUe rellnmg when 
Weaton took it op me hampered by many wrong eon 
11 ptiniu One of 4|i!m waa that a given hone-power 
Vuuld mly ikpoait atbaximum weight of copper regard- 
new of oathoda- or anodowmfaoe Thu falUoknu opin¬ 
ion waa eonaMerod nfanoat nn awm until Weaton ihoirad 
clearly tho way ut monawig tho aabont of oopper do- 
poaiied per elaetrhul ho w wp o war, by toe r an ih i g the 
BUBth^lwd lUxiC THa and ftifc ligo^joi, oonmfaif 


hla vata In a eo mb lnatfnn of lociaa and multtpio, tho 
only limit to thu a trangaiiioot boinff tho added raMeat 
of eapitol Mid d o p roea t loB on the luaraaoiid eoot of non 
vati and anodoa in rriatws to the eoot of hotao-power 
tor dnvbia the dynaaiMw 

The eleatta-doiioaMmi of motala foroad Waatoo into 
the atudy of tho aoutiuotion of dynoauM Dntil then 
the etoetria cu rrant uaad for nlok^ ■!▼«<- aad gold- 
platoig aa weB aa tor aieetntyping, waa obtamad from 
ohamieat batlenaa Weaton aayi that it waa atanoat n 
hopakiH taak to araaa alutzoplaten tram theaa oaUa 
to whieh they had beooma tied by long axpananeo and 
on the more or laaa akilAil lua of which they baaed many 
of tho aeerata of their trade 

if the dynamo ai a aheap and rriiabie aoinna of eloctrie 
euirent waa advantagaoiu fbr niakel-pintiBSi H beeaim 
aa ahaolutely mdiapmaablo taetor for ehetaid^ eoppM 
roftamg At that tune the dynamo wna atiU at ita 




very bigimung —aonie aort of an olcctneal eunoaity 
It had been invented many yean beforo by a Norwegian 
Sonn Hvjorih who filed hw ilrat Bntub patent aa far 
luok a* 1855 Hunilar maehhiea had been bmlt both m 
Burope and Anwrlea, but htUa or no Improvamant waa 
nude until Weaton m hu own tlwroufh way undertook 
tho mreful atudy of the vartona faotore relating to 
dynamo efBeicnay 

In IK70 Weaton filed hu firirt United Btatw patent on 
rational dynamo eoiwtruetwn whieh waa aoon followed 
bymanyuthen and before long hebadmaugutmtadanoh 
profoand amelioiatiotw m the design of dynanwo that 
he moroased Umr afficleiioy in the moat aatonUiii« 
manner Ueretotoro the dytunma wbwh had been oo» 
atruolod showed an effklen^ not laaihiiig over 15 to 40 
per oant grow etaetnea] effloMniay but tbc new dynamos 
oonetniotod after Weston a pnnmples meraued thta to 
the unexpeoted eflMeary of B5 per cent and a oom- 
merotal effleunoy of 85 to 90 per oant He thu marked 
aa epooh m phyakul aeunea hj aowtructnig the that 
industrial maehine whieh ww able to obange one form 
of ewwgy moUan mto aaoiber eleotnoity with a hithea^ 
to unparalleM nnaO lou Aa tha unproTameiiia In 
dynaaua depend ahnoat exeiutivaly on lAyHoal oon- 
Bderation*. and have hula rotation with field of 
ehemutry I ihall dispnuc with goii« further mto thIa 
matter But I tbould be panulted to poutout that tha 
flrat prae deal application of daetriaalpowtr tranamlaaton 
for ftKtory purpoHo In tUa eonntry, wu flryt utOiaad 
m Weaton a faotory, Uu raoeeaa of thia hukailatioft ia- 
dnoed the Clark Thread Worha abo loented In Kawnrh. 
N J, to adopt thu method of power IniutiJatiDB Mr 
aona BpaaU worii. a ttethpd whieh now hN hMMu 
aoumvaraal Ibr thu pdrpoo^ Wa*^ had to iwMit 
new davieu for atartteg, and (hr wr*r4T M 

u te piwmuni lilariM l» Motflti iV fftNdo^ 


In Wtaiaa’a faetaty alao tha alaataa aia wu ua* (af 
the flnt tmu ta (IM CaiM Btatw to CBMnd 4I«ah«> 
tion '* 

In tot liri»mlg75tolBae,WaatoBWUto]fto g p tt 
aally aagaffad with tha daTtopauBt of both fi p a to u 
an-and fneaBdaiuateBatoaatoa by ahetririlgr. Wf 
aee bun atari Uu uaaatotnn at an-tt ^t eaibon* aa- 

oaxdii« to melhoda biyoiitad hgr him, aad An ha bauBU 
Uu founder of another new mdoUiy in lautioia Ba 
oontiiHud tUa hniwh of muiiitofinn aatil UBt, b» 
wUeh apooh tUa part of Uu btieluu waa traarfanad M 
another oompaay tHneh hn made a ipaaUtgr af |UUi 
Uaaa of prohuta and haa dareloped It into a very iu- 
portant hntuatiy Han agam Weaton iptnAtaad 
ohemwal methoda and ohamieal pomla of view Aanoog 
tha maay ohjwtionf whidi tha pnbUa bad agtoat Aa 
eleetneal an waa tha Umah aokr of iu Woom 
aapeoiaUy aomidafaied that the bloa-violet I«ht did net 
bfug out their eompleslon to Uu beet advantaga 
Weaton flrat tried to lua ahortar am whuh gan » wbitar 
light bnt tUa wu only a partial renudy Ha aoon 
found a men ndiaal and man eomideto oun by Aa Ur 
trodoetion of vapon of metals or metalbe aalta or onUe 
In the an itaelf to as to modity at wiU tha eoto of tha 
Ulht and tiuu he became the invantar of tha a»«allad 
flaming art. It la notaworthy that It took ahoBt W 
yaan bafon eieetrleHau and Qhuninatnig c e igm a an ba- 
eanw ao eonvmead of tha advaatagu of tha flaadng an, 
that H had to ba n-faivanted ’ dnnng tiuaa late yean, 
and now it w oonaKlend As moat dBeunt lysttm of 
araoUujninaUoD 

In mlation to thia InyentMD it la tntenatmg ta qoota 
the foDowmg extraet of the epeoMeationa tram Ua UaMad 
Htatea Patent No 210 380 fllad Nonmbtr 4A. I87B 
Thu rad cr atuk may ba made of vanoae matcnala— 
a* forexample ofao-eaUod lima ito*' or of eompounda 
of Infnaibbi eaitbi and metalln adtt, tiUutu donUa 
MlleatM mixtuna of Uu eiboatu wiUi other ulU of 
metals fluondea double flumdea mixtune of the donbl# 
fluondee fnaibk) oxidea or eombinatkms of the fneibla 
oxides W 1 U 1 the ailiostee—the nquieanenta, ao for u Uu 
materul u arauened bamg that it Aail ba eapnUo of 
volatilluUon whan idaead on tha outer oda of the 
daetradetowhlobithattBehed and Au ila vapor ihnB 
ba of greater eondoobvity than tha vipor or pulMea of 
oarbon duengagad from the earbon aUoirodu Hw 
foreign material added to tha oarbon may ba faworpunted 
mto the alcotrade by befog miud wlA Uu carbon of 
which Uuelwtrodoueainpooad or it may be mtradueed 
into a tabular earbon bnt I ban foond It baU to plaoe 
It m a groove formed hmgltuduially m the aide of the 
eleotmde u ibqwD 

In hu endeavw to nuke Uu elei tne moaadrooent laenp 
nn cnonoeiue poaubihty we aw him intioduu over and 
over agam ehcmiaal methods and o h e m ioal eenaidern 
UoM Be flrat tried to ntOue platinum and indnfoi 
and tbeer alloys which he fused in a qweially aoet- 
stnioted elaetiu funiaoa, dayiaad by Un utedatag 
the funiaee daaenbad by eronuBB Thu k ]lcohably 
the flrat alaetneal fntnaea, if yon will axaapt the Anue 
which Urn nnd m hu hbontoty m PhOadalphia 
But Aaw platmam autde ibowad amfooe defaeta 
elide tram Uulrbli^ cut erndby Uu* tana Waakm had 
beoenu u famfflar with the pnputm of flood aaibon 
that hka other invantoca, ha beaaau aonvinaad thU tha 
nlUmate sooeMS lay A AU dtnaAm 
And new wa an hfan loin A that rau of BTiby afooBg 
mventon who aD eiiflafloA Aatr aflorta in aiaich of Aa 
real pnetifol lueandueaB t kuna AflWag «h|i flPMlp of 
man thaMfouofWtoeiArt 1*AgUAMBtafoaand 
thatef8wanACB|iaiid.luyabttnbiatlBown. Hifla 
into tha datalb of Ak atnflflit for fakfleDTaMArk 
anUi^ eoMda of tha supa A Ak Aort nvlaw 
Sdte aaoneded t« aaaUBfl h uandiaija it kpA ^ 
manta tgr aartwiibtofl aekoted atnaa o|( Wtofoo., 
eran k oailNB made A tl||a amanally watpaet and fod- 
font mateefol wu to tram hatafl uflkfantly ngAfir 
and homoflMatoaa. Ledud Al Uu Atn kk»w» iMto 
A aaiboB aoadutoAhad As Atd dAwt A a 
UeltAhABoflaMlty On aaamnU A Ala> <tmia a | i<a^ 
variad u uftaA aaefomi A Uu A i m u t . M A Ato 
very ^efa, tiu tiullMtUaN MU to^Mfc an anfoA Aafl 
rt aaiMA tapU imtoatto A Aa ftolMl^ tto kMBto- 
khM Aaflu to A» AaA wbMi k Art A44nl« 

wuMrtBfelt 

HA* IniPtai^ A A* HaaaaA 






nc AMeMCAK SUtnEHENT No mi 


IK^ Wt B«M mI. <Ui MfMi «M odMtd tea 
ttw CHIMIM VfUoll MIMM ttehottw^ 
M tt* h j4r»<ii A oa |m kad tadapma 4i»- 
mmmrn % d««* 4asai% «t «duNot ««boa. 

' Bi m a fc i to a l p l waw aOT i d dlawiiitim at Miai 
tWIiinHiifia ha tii^td a ahadaal iiinbi for < adN 
a«tla^iBiy«aahqMiliiBlliellkiaato(h»lamp Hw 
I wad y mu ai lu g a do a h nnpla. In prapaliic bit 
ht paaMd tta aamni thraogh it whila tba 
IMmsI im tiaatd in an atmo^Mn hydfDouhoa 
gw* M that la a<nt 7 «ot «lun tha tonpantura roaa 
hUbaatanaaeoiiBtofgnatarTaalalaiiM branglit about 
br Am hfaiiihrt aMatoM d tha matoial, tha hydro- 
ailhM pa arp diaaoalatad ui. ettboa wu dapodtad 
avMobdaaBy unto tha drfaat waa annd with tha nault 
that tha akawnt aaqaitad tha aame aUatrio Naktaiiee 
<rm IP whoia tanttii But tida tamatioa howavw 
hrimml, did not Hunt Ui adorta Ha had baeoiM 
haboad with tha Idea that tha idaal UaaMiit would be 
aa abaoltttaly athwtnnlaia, hanopiiaima flliment with 
aaaetly tha aaaie aoaiiiaaitMm and tba aaua aeatum 
thnugbaut Ha whole length He raaeonad that anoh a 
flapiBt ooald not he obtanad from any natural pro- 
dnate duata ailthar from paper nor bamboo but that 
Khad to ba jmduetd artdUaUy m the laboiatofy from 
aa dhaolutely nottgain a lru otur elam ohamieal anbatanoe 
dittr varioua aaaoeaaaaMl attemple ha finally aeound 
tUa mmit hr applying Ua old lowwlsdga cl the dayi 
when be Head to make edlpdlon He peodueed a homo- 
pneoua, aicuetanlaaa tnoaparant film of niuroeeanlaea 
hr evapentUag a adutun of thia nmtenal in autebU 
aolveoto Aa he oeuld not oarboniaa thu fifan un aooonnt 
of tha waB-toown aiploBive prapertlaa of ao-oalled gun 
ootton ha obruted tha diAeulty by ehminatuig the 
nitrate group of the moleeule of eaUukoMiilmle liv meami 
of amauiilw-tulphydrate Thu gave him a fltnbh 
tranepannt ihaat veryafanllarinappeanuievtogelatino 
IIP matarfad ha oalled ‘ TaauduM Hueh filnu eould 
ba eat automatleallr With utmoat eurbtude ptodunng 
fUaioMita of vuiifonn aaotlon whhh then eould be lub 
mlttad to eeiboalaaCiOB before faitemng them to the 
ii^ Of the fbuB bulb of the muuidMeeat lamp 
It la Intarw^ to note here that the modem Tuagiten 
lamp, In an IP perfeoUon made of durule tongaten fa 
aftir an, tha fuUeat devdopment of tha pruiolple of an 
antfanlr atmotiirelem homogeiMoui ehemieal filament 
The tmvtaD-fllameiit ean aland muah higher tempera- 
tona than eaibon and thia property glvee it higher 
Hghttog eflleleiiey but the former tongeten fllamenta of 
afaw yean ego wUdi had a granular ftruotnre had tha 
■una dafeet aa tba ember oafboa lampa, naraiily a non 
boOMtunaop teorture and aoireapondent abort life 
Whfle Waatmt waa wreatUng with all bfa deetnnal 
profalaina, and more parUoulariy with the nonatroetion 
of dynaiM and moton be waa h a n d ie app e d oontmu* 
oudy by the etomay and tfane-eonaoming method of 
lieetrleal imaaiiuimeili whinh were tha beat anating 
Mthatpariod Up tQl than, theaa mathoda had been 
toad good enough for phyamd labontonee, where tin 
laek of aeotmop did not niolt dfautraualr in hitting 
tbapoeketoftheniaiinfaoturar orwharatfane-abundant 
tino tor obeervatUma and eaieulatioiia waa alwaya 
available But prognaa in tha eleetneal taduatnaa 
laggad baUnd tba datay and uneerputiea eauaed by 
aleatifaal nuaannBMtto 8o Weaton waa eompeOed to 
Infant tor hu own uaa a aet of praetieal deetneal maaaur- 
lag inatrumanta It waa not long bafore aome of hfa 
Mendf wwted vmr badly dnpUoatea of hfa mtbrumenP, 
bahra ha knaer it, ha waa glfing oonaldetaUa attantian 
to tlw ooBatniePm and farther deretopment of theae 
faniruiB H ito Juat ahoot thu tom tlw a te i til o lipt 
and dynamo eonatmetion antmprloa entered Into a new 
petiod lAan thay begw to dovel^ In larp awieldy 
eonuaeteial orgaaiaatioaa requfalng publlo franehiaoe 
and iHdeh had to ha haelnd by vaat anumP of new 
oapHaL In IP boarde of dtreetota bne l aem men, or 
iaanehil aa uA eetpomtim lawyen beaamo pam- 
nunat faetoia and oebpaad In laqMrtuM the taohnloal 
or Manttta mtb, WM, in owUar itoyg, had alinoat ox- 
ttoalyely aoMrihuted to tha davdOpmat of the art. 

, ItaBoiringhlaaatafallniAmtloiia Waaton aoen abaa- 
do^ Ua toimer hodaaaa oonMaikaM in order to eo- 
llaah hlaadr la a Md vMra todlvidnalityi aeeaaoa and 
warn of abwat naigiu haportabeo, gad wtdah 
ataAd Aowiot wMomt ttw nooaaalty of tooartiv 
io^aldtagNoH boyod hhfit ho.oonld aarta 
panoMBr, TlMa ha Po|lpod Ua oonneeitona with tho 
atog^cTw a>i dyaiatooiliprpriaaa, and wa ato 
iiM Mfili p 4 aowl, u aothar kaw todiMy wUab he 
‘g pfifi rt > t h a art iw a M i ^j aB iy t , P oti wcri hy and 
daa ^iiPliU anawBii lfc^Ul i . 

^ 1( toatafir to Hawaih^ Wapton aPPa to 
toga ai Me ewfa. i atoi M I t p mt wawpiay 


tnatworthy meoauibifi teatramenP nor ereato rebahU 
moaa urli i g mothodiT 

What BPa did in ohemlatiT tor atomio weighP 
Weaton did (or alaettMol meeauniig ha ereated radically 
new methoda of meoeuramant and mtiodueed an ao- 
aiifnoy undreamt of heretofore Do not forget that hu 
proUeme were not eeayonee When the Bntfah govern¬ 
ment offered a prue of 9100000 f-ir the neareet perfect 
ehnmometor the problem of a leUahle ebmnometer m- 
votved ooneiderably Uea dilBoultiee and fewer duturbing 
toetota than any of thoaa eneountcred m devumg and 
maUng aleetriaal meaauring inatnaneati But here 
again, even at the nak of monotonoua lopeating 1 waot 
to fanpreea you with the fact that the aoeeeee of the ma- 
thoda of Weaton waa found m almoat every eaae m the 
application of ehemieal meane by wfaieh be tned to aolve 
hfa dilBoultiee 

When he took up thu anbject the aoientuta aa far 
bank aa 1884 aee^ted imidintly the belief that the defl 
nltion of a metal and a non-metal reeidne lay in a phyaical 
difbnatian that for metafa the electnral iMielanee in 
oreaeed with tunparature, while for non metafa thetr 
renatatiM deeroaaed with temperature Thu waa an 
other one of thoae rendily annepted uioma which nnbod> 
dared to refute or eonteat benaute they were repeated 
m reapeotabla taxt-booke And yet tbu unfurtunaU 
behavior of metali wan the gnatmt tlrawhai k m the con 
Btiuctlon of aeeurato meaaurmg ImtnnnenU Indeed 
on mocnint of lim no-called tempeTmlun n-effl unt 
all meaauremenia had to be conucted I y i nlc ulaQon to 
the temperature at which the obeirvalion waa made 
Thu naema eany but it wae i oneunung and 

often It u more difficult to make rapid aeeurato obeer- 
vatiotti of the temperature of the uutnunent itwlf 
Vinit of all, the thermometer* are not aeeurato and have 
to be oorreoted penodieally and furthermore U » n t 
an eaey matter to determine rapidly the teniiieratun 
of a < oil or an uutrament Mmeover b> the very 
paaaage of the eleotiu current flurtuatmg chanree lo 
tonpemture an liable to occur which would make the 
obeervationa totally moorreet All thu led to hemta- 
tion and alownem m mea«ureni«ita Weaton wanted 
to eoneot tbu defect but be waa told tiiat the very 
lawa cf phynre were agaiiut hu attempt* Itifin hi 
waa through with hu work he had to correct aomc of 
our coiMeptionB of the lawa et phydea now let u* ace 
how he did It 

Weaton knew that tba favonte metal for rMuiamiii 
WM ao-oalled Oerman-edvm Strange to eay bi waa 
the firrt imo to pomi out to the Omnana themaelvee that 
Onrman-ailvfr u a word whiob cover* a mulutude c t 
am* and that the aompontlcni of Oorman-ailver vance 
ooiwidentdy acoordmg to ita aouroe of lupply The 
nault WM that he aoon propofed a atandard oopper and 
mekel- and imc-elloy eontaming about 10 per cent of 
nu Irol and which had a mutanre of almcut twice that 
of erdmary Oermaiaeilyer and a muon lower tomperaturo 
oo-effiolont Not Mtufled with tbu he took up the 
ayatamatk) itudy of a large numbor of alloy* Thu firit 
hatoh wfaioh he undertook to atudy amounted to more 
than JOO diflerant alloy* Hmee ttot tune he hM con 
udenblv ueraMed thu numbw and a. *till buay at it 
Bveryone of theee alloye he made hunnelf in hfa labora- 
toty ilarting from pure matonala and controlling the 
whole operation from the making of tho allov to the 
drawing of wau of determined mm By long nnd ro- 
peated obacrvatumi on which many yia« have been 
mninmed hc WM able to detornune the clccUi al be¬ 
havior of each one of theM aUoya at different tompira- 
tuiM After awhile he began to oluerve remarfcablo 
pcoperhM m eome manganew alloy* be compounded 
He managed to produee an alloy which had Bfi tiiuM the 
nafatoaoe of oopper But getUng bolder and bolder 
he itrave to obtain an aBoy wbicdi had no tompe return 
eo-eflkaent whatever Be not only aueeeeded in diing 
thb bat finally produoed Mvoral alloya which had a 
MVolM* temperatm ecHeflloient In other term* Ibilr 
raetatoaM mataad of iacrmauig with rue of tampere- 
toie, deereeeed with luereaMug temperature He alao 
ihowed that the nafatoaoe of Umm alloy* depended not 
only on their oamporitMm, but on enrtem treatmenu 
whiA they admgo (or fautanee prriimiiiary healing 
And Bmea that day the phyahunta have had to bury Ibelr 
favorito definition of metafa and non metal* Thepneent 
gnuntkm eaahgnUy reaUaa what tbi* duoovwy meent 
at that ttnie 1 eould not better lUuauate thu Uun by 
nmliidii« you of the fitot thnt In I8I« »t the meeting 
iff thaBritfaih AmmlUtkmfot thr Advancement of Belenoe 
where it wm vgad to found aa mntiUitioa nmilnr to 
the Deataeh* Raiehaaaatalt Lord Kelim aaid m hu 

'^"rrho gM"A aoeom* of the Phynkalufae-Reidiaaaatalt 
mtqr he Judged to aom* oatent bare by the neord put 
hatowtohlrftat raUahabolU Such a proved Mweem 
mr b* ftOnad hy « opotcy him Bn^aaA with vary 
fMntpniAhiiM On*thmgProf vofaHdmbidtodid 
ttot Mirilafa on thn dfaag vary by tha Aotalt o(» maul 

odmtalSdiaMnin 
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elecfaieal leuitanoe doM not change with tomperntare 
Thu fa juat the thmg we have been wiitmg for foe 90 
or 80 yean It u of the gTMtMt Importance in amentifle 
experimeDto nnd afao in eonnn turn with the meamiriiit 
uurtrumente of pnctieal eleetnc U^tnig to have a 
metal whOM eleetneal reniatame doM not vary vnth 
temperature ard after what bM been done what fa 
now wanted u to find a metal of good quality and 
milutonae wboM raafatance ahall dunimeh m tempera¬ 
ture u increased Wo want lonietliliig to produee the 
opponte effect to that with whieh w« are familiar The 
rmwtaaee of earbon dumnfabcu m tempenture inereanea 
but ito behavior u not very i onatant Until within the 
iMt yenr or ao nothing defirate wm known of metafa 
from the faet that efavatum of tempereture bad the 
effeot of mmaamg reeutanee The Phyrikahacbe An- 
■tail bad not been m exutencetwo yean btfene thu valu¬ 
able metal wm diaooveted 
Ihen folbwed thi* eoUoqnv 

Prof Von Bemholtx The diaoovofy of a metal 
wboM renatonee dimimibed with tempcraUiro wh nude 
by an Amaman engineer 
Prof Ayrton By an Pngbihnian—Wiuton 
Lord Kdvin That aerve* bnt to mtonnfy the pnaU 
lion I wiihed to take whether the diaoovarv wm made 
by an An^o-Amenean an Amenran Enghiihniao or an 
knglfahinan in Amenoa It u not greiifying to na¬ 
tional pnde to know that thene dinaoiinea wen not made 
in thu country 

The muinfarmatian of Kelvin wm duo to the (act 
that after the Weaton patonU had been pubbahed hia 
allov WM called maegaem m Qennany and much 
puhliinty had bean mven lo Ita prupertiea with aoant 
nfcrence to ita real mventor an lorurrenne whieb un¬ 
fortunately IB not infreciaeni nut only among conummiil 
iDtm Rta but in technieal or w lentific cm lea M well 
Nu Imm nnportanl wm the Invention of the We«ton 
ooU whieh m 1908 by the international eommiMinn 
for the eatabhahment of atandard* of ofac trleal mmaure- 
menta lua become the aoeepUd univcnal preciHal 
atandard for eleotro-motlve tone Here again tlw 
phyaital atandard wm obtained by iheroical mcwin 
Until Weaton * reaearnhot on atandard eelb the ( lark 
ooU had been the atandliy of the eka tnmana and eh trn- 
cbemutc of the world m tho atandard of cha Uo moUiL 
foroe It required the keen analyau of a Weaton to 
aanrtam all the defeeta of Una eell and to indieate the 
eauaeofthem lutor be drew from hu canful ohcimi al 
obeirvaliona the meana to conatruct a n II whu h wm free 
from the dvtceta of ita prodeceaaon a vll ibat liad iu> 
tempereture ro-eniient and had nu lag 
He deteitod that the choiix of a wtuntod aolutvin 
of nilpbate of aino m whieh wm auapended an cxenai 
of iiyiitafa of thia lalt wm an unmiitable clecirolyte 
and one of tho pnneiptl cauaca whj thcf induattona of 
the Clark cell varied eouaidirably with the tompewature 
It u true that thu could be obvuud by placing the n U 
m a bath of eonstant tempereture But tbu invohtw 
new diffliultfaa due to the proper determination of the 
real tempereture Furtbnrmore there u alway* a lag 
m the mdirationa due to the fact that at varying tom 
peretiires it require* a lortain tune befim the aclutinn 
of the Halt ha* adjiutMl iteelf to the n a«nt of lature- 
tlon for evu h n« wlj aequin d tempentnrr By *tudving 
the icmparetivi behavior cf varum* aalt* at drffinnt 
temptrature* hi came to the loncluHon that iwdmium 
Kulphato fa min ap|iroprwtc and thu om ime cf the 
Mvirel un|irtaiil impruMnunU hi mtridiiiod in the 
onnxtructum if a new atandard of oka tin motive forec 
Dr Weaton aaiunia nu that he hM auiocedod In 
malang hu alloya to ihow only a change of nno-mlllu nth 
for a vanati m of 1 deg Cent Fhe me tallii allora he 
duoovered are uaed praoticallv in nearly all kmda of 
eleotnoal meMunng inatrumcnle thniughout the world 
Weaton initrumenta and Weaton nu-thod* are now found 
in all properlv equipped labontone* and t leelio-c bemu al 
cstaMlahmenta of the world On a reunl Uip to Japan 
1 BBw them m the Uuiviruty of rokia m well m id the 
lapanece war muaeum where their battered remains 
attwtod that the Ruhuuu uaed them un their oaplurcd 
battlaahipa 1 have worfccal m Hoveral laboretonca in 
Kurope equipped with uutrumeuta xud to bo ]iu<t m 
good M thiiae of Weaton bnt in moot huitaniea they 
wore miKatumi of Weaton inidruinenls and it wm Mgni 
ficant that they kept at leMt one WoHtoa inatnimcnt l» 
ha uaed to correct and eumpare then national product 


Uag ReiallBKed Cwerete Bndgcf 

Btiamactn lonorot* la ao mpbUy aamlng Into general 
nae that acaae flgnrM roUtliig to bridgM of oeuwUer 
Ohio alae of thI* eonatraettoB are of mromal faitoraat 
Aaeonlliig to reoent atatamento tha Walaot lune Bridge, 
at P hll a dri pb l a, baa a apa of 988 fliat, at Grafton Now 
Zoofand tbaro t* a bridgt wtih a *pan of 890 fact 
OVoril»Tlb0t,atB«M a9Stam,atLarg«al*;Swttaar- 
md, 880 fait, ahd tho pfoiiaaed biidge over Bpoytea 
Dof* Ckwfe, Mar Tfrik MB tat, 



The Gas from Blast Furnaces—II* 

Its Cleaning and Utilization 

By J E Johnunit Jr 

( nntinuorl from SurNTinc Ambbican Somnum No 3040, Page 05, Februaiy A, Ml|( 

With thin introductMin I rannot do brttrr thM quott nMly ^ Ui« Djrfabe A dawnptlim of the M MpaMod in • iMIm ibmm 4r ttnlltlMl 

oxUonvely from Mr Forbes ■ popir m foUofm Witting whMar sod of tiia Djrbtw vhnWr w>n lUoatMte the ilewriplihin of ibt IhMgHt Tnilil^ 

DUHTcnMTKNTiN 040 thiTgTni-Til pniiTilpIn Ilf thii tjii*fif nteener BnuBtrasam 

The gaa leaving the usual duiWatdier oontauu an nnAeanr-wnTtiro wmstn In tide whfater, ad bsMt ff ^9* IvFefi taddHatf*' 

avnragt of from d to 4 graiiu of duet per oubio foot As ihown In Fia 5 and a the Hnwaart-WItting tioo l» annowpBMied bx “r"MrH imhlnUlM fttia^ 
and ite furthtr oleaning Is amomphshid m one or two wbltler oonaisti of a Tcrtkil outer ayliadrieal eaelng A the aettm ot fiavity One «f drt laMpal laitla*l>l 
pnnmpal star* dupeoding on the ultunate uao of the and an inner inverted tabe A whieh at its upper ends this partMdnr whiriar la tha lenutenoill 1* t)M 
gas namily primary i leaning sail llnal cleaning In is intergral with the gas main 6 wbeh takas the elsaaed sepantar of tha SBtaaiMa and opeldapi A dib' 
primary (leaning the gas bi suflieiently (leaned for gaa away from the appaiatna This Inverted tnbe Is stanttally tha aatta horiaontal FIm alntal^ Hd 
ennnomleal Use m hratiiig hot blast stnvi s and tor raising flared at lU lower end D a number of iron or steel bars nweeaity of the gaa ebimgtng Ita $teat^ pTwit id 

sU am in b(Hh rs it has bn n found that the hi st n suits A sre fastened vcrtMally around the ehamher F and ex a sharp aigfle 

an obtahuid when tbi dust oiinUnt of llu gas afUr Und from a point well above the lower edge of the flared Deembed m geaeral teraia, this avaraitet OOMlrtl Ol 
nbamng dots nit (xieid fll gram pir oubui foil In end D of the pipi to a point wfH below the lowrr edge a epwal aondnit tbg Ipwerop«i edgM of whiatl OMAWl 
llnal (leaning Uu gns Is Huffleienilv (leaned for use m iif this pipe In the lower part of the chamber F is with the dnst-eoUeettne eb^mbfe TV ipa % fMkd* 
gis (ngim s and in thm i aee the hi st pmetu e has ro- plarad a (one <7 whn h aOows the sepsunted duet to dueed tangmtially and a apfall aOtpeA tdW t r d 

suited when tbi dust lontani of the gas sflir i leaning enter the outlet pipe the eoitnl ana of the appatnhie the padfb4l 

does not exoenfl 0008 gram p(r I ubiefiMt The gas enten the apparatus tangantully through beuw ineieaaed in aian befcm the gM ai^ the «MiM 



Flga. 5 ead <—Vartled and harliaatal arctioM kiga 7 and 8—Vertical and heriaoaUl lactlaM ef Figa. 8 aid IB^Vertksl and hMlaaAal aacttaM ad 
ef Braaaert Witting whirirr Braaaert laadilcathw of Braasert Wrtdag whirler Braaaert aiedUfatlan af Ihaaairl TTlIllag wldriaf. 


Vanoui ivetems and methods are impluyed for ae 
eomphshing the desired results In nuxlnii practice 
the gas leaving the blast fumaic is in practuall} all 
easoe oondneted through down-iomvr mams and then 
thraugh a dnst-QatehoT of largo capaiily and in siine 
I asH through two such duslmatohm in senes A con 
sidenble pniportkra of the heavier dust is depoeittd 
at this st^ From the dusUwtolter tbo gas passes to 
the additimial rleanliig apparatus through gas mams 
usually etiulpped with doamtakee and valves tor tiu 
retook of the depomtad dust Thi mode of treatment 
from this point on vanes (onsiderabl} a(>eordiiig to the 
ipinions of the operaton as to the respeetive nunta 
of various systems 

PBiusnr DRT (kXATima 


For primary oleaning a separatum of the dust with 
out the uso of waUr in othtr w irds dry eleanrog 
has been m favor at many plants (m woount of the 
abdity to thus oonaerve the sinsible heat of the gaa 
which IS lost when water is used The fact however 
should not be lust sight of that the benefit derived from 
the sennbh heat of the dry-cleaned gaa is largely db- 
(lunted by the amount of water vapor m the gaa This 
IS espedally the ease with gas from blast furaanes opw- 
ating with a high top timperature and luang one and 
•oin eontaining mu(h moisture enstnig Mther free or 
hemuall} nomhined the water vapor affects tbo HH 
IIImy of the (ombustum of the gaa 
An additMnal bHii|i of dry eleuung hea m the 
greater faeihty to MNtr and handle the flue duat in 
the dry atate thsAA the form of mud or slim* u the 
W(t (leaning pmlitas Aa brfore atated the baaiq 
pniHipliH in piflnkally all of tbeae dry-ekaning ave- 
hms riipiiida upon a ihange m the direolum of the gaa 
a iwlurtlon m ita vducity aiul thi aepaeatum uf the 
dust by giV^y pnfl ocntnfugal lonw The vanmiB 
madUh alHiigi by wbidh thia leparation of duat la ao- 
oompliabgd ate all evolvad from the so-eallcd eyekme 
proeeaaea developed in Germany about JO yean ago 
*loin« of iheae lyatania reoeotly devalopad In tha UflittA 



the flue If and is given a rotary wbirlmg moticni through 
the annular spam between the pipe B and the wall of 
the (hamber A On coming m eontat t with the bare ff 
tb( dust la caught in the ohaimris between these ban and 
u h(ld In poaitum by the (ombuied aetum of centnfngal 
foni aodfriitlon Ai the gas eontlnuas to rotate within 
the annular apaeea above mwitki B ed lU veloelty b 
gradually Immaaed by the actaott of the flared and of the 
rauivmg pipe onbl when it Maebea the lower edge of 
the end lU veiooity u at a maimwin Ob paaring 
below thn edge the velocity b oonstaatly deereased the 
diieotlon of the gaa b idiaaged and It paaaaa upwardly 
through the flared end of the |npa to tha outgoing gua 

The dust whuh has beau eanght in the ehanaria bo- 
tween the baffle ban drope veitieally mto tha bottom of 
the chamber past the eone 0 and into tha ondat pipe, 
whanoe it la remoTed aa daamd 
amasaaBT noairiosnoin or BasaaaaT-wimiia wanua 

la the Branert modifleatioiia of tha Branert-WHH^ 
whuhr a einteh of whieh b ibown m Fig 7, tha lower 
portion of B of the oaring ta laigw m dbmatar than tha 
upper portfam B and b pcovld^ whh a min of In¬ 
wardly pcojeetnic baffb platae F The iowar portlog 
0 of tha oariag S ta oonoahl^ed and eoMtitatoa tha 
duevreenvfaig ahambar In tha bottom of tUa obaan 
her la a eona B whoaa funetion b to doaet tha daat 
towmd the penpheiy of tha duet ontlat pm* WltUn 
the ehamher / another oone J b htoatad and thb sene 
H provided wirii a earbe of bafflea, whiA are ammiad 
ae shown m fifl 8- 

In Fig e trldeh ta a farther inodilleatkm a qairi 
L H provldad for tV p crpcae of dmeti^ tha flow of 
Uu gas The lower and af the outlet pipe b made her- 
fri-ahaped Tbo ontrtmabvJir in iti tower paitaBN 
u lupplnd with tha tW 0 wfatoh* taaUfldarUiA 
ausmted on tim eBetac haut faiwaf^ tikairif W i 
thus fatiamg Ae apertaraa f (Fig 10) /ft* aarite 

AT of tha OMUg la aftaaad by an mitar aariaA ^ % 

farming tha annular VinfflmB, A wWataparlliiMi# 
are plaeed to pravwt wttttw of dm gab • 

TV fw ta iiiiliiVi mmtm 


ehamher prior to ito eut from tha appaiatua 

The duet M aemrated from thn gaa by aentfttiignl 
fotea and gnnty, and falb OamNifl tha tower open 
adgea of tha epml into the dnetooOaatmg ehambar 
Tha oaotral ehamhar ta paovidad with a afflaB epewtag 
at Its tower and and aonaaete wIA the faaannmt 
of the apual aondint 

In tha aaeompanyiiig akatahea. Fig 11 b a verttaat 
aaatMa threngh the DybUa whfaler and Fig IB la n 
horiiotital leatton. TV gm antara tiimantlally tan 
tin gaa mnm thMogb tha oponm A In rim shril of tha 
oaring, tha gm Imptagaa upon rim float tonfi of tV 












Fig; It. P iM fM ■prar tom 

ipl|«a » aad fcOnm toe tame of toe epml A tepeM- 
^ a( toMt flrom toe gee Mem through eeatnfugel 
tom, toe pertotoi ot gneteto ipemflo gmvity betog 
toMWgMitorMAT end faUiag I17 cnvltr to toe bottom 
at toe awtoig. At toe pohit 0 ea incroeead eroe i« 
pcim^ betweep toe epinl end toe eentnl ehunber 
«lijbk oMiiei a deerotM in toe vdodty of toe gM touii 
eltovtag » further eeperatton 
Tte tadel A end toe cutlet O ere In eubateiitially the 
Mae plahe end tUe pecnilu toe eepentod 

metecW to dn» out cf toe ^nthiig gM and prerento 
ito IMBC een^t up in the terta which h^ipnii when 
e tndden ehei«c in toe dinetom of the how of toe gro 

"*Atotoetor M humtod et one edge ot the opening le 
provided Tina la in toe diepe ot e hook which note 
to eetdi any duet wfaioh nu^t be oeined into the oaemg 
ead tUa eoaudetea the eepanting oparotom 

on Bfnomrar or vbt ouamiku 
It hH been deoointntad in pnetMM toet dry dew 

Ing by enyoM of toe eyitema 10 tor refenod to eannot 

be 4epeadad «ob by itaeif to eontoiuouely elaan the 
gib from Uaat tornaaea ueng nnioh Ana ora to the do- 
gtoe datoed for oaa to atavai and undtr bodere the 
amnmtof dait nmaaim to ton gaa ranging from 1 
to 8 gntoa per edUe foot de pe n din g « toe wcrUng of 
d|a Mtol tmaaea. Bndi eyttema have a Tatiie bow 
tone to lenoTlito >«r MBPle appaiatne aad at ^ 
Ileallyaooientoigaatpanaa a eettau proportton of toe 
iut, aad ao daenaang toa doty npon any qnwiatoi 



and clean the gae to toe proper degno for um m hot- 
blaet etovee under boilcfi and for tiinilar p u rpoaee 
A fan waelwr mto whioh water u rntrodueed la tro> 
quently need ae ao aosiUary to the Ze ehnel t e towen for 
immary oloanuig eepeeially when the eerabbng eapa- 
eity of too towen le email 

A watm eeparator equipped with internal bafflea w 
nanaOy located beyond the waiher to allow eeparataon of 
toa antrainad watrn 

Zeohooka waahen are used eonuderably in the United 
Btatee and imne addinonal lyetoina have aleo boon 
davelapad here for the wet eepention of dnet for w 
fltanea the Duquecne ipray tower end the Btembart 
qirey tower The bene prinotple of theee epray towen 
oonauto ot the oreetMO cf a ram cr ipray by meana 
at Mutably arranged nonlea and toe gae n oleaned aad 
ooolad m paming throng thii epmy 
DoquBswa arnaT Towna 

The Duqnaana tower ooneieta of a ihdl about 80 foot 
high by 12 feet in diameter Ae tbown in fig 18 the 
tawat eontaina dva eeta of donbie eereeni the leto be> 
ing ipaoed 0 feet 10 inrtiaa ^lart Under toe lint let of 
aoneni ere diaUibuted eeven notilee the feed water 
for whieh le eontrolled by a valve ootnde the tower 
Under toa flfUi let ot eonnna mven nmilar noarlea 
atoe eontrolled by e valve ouUide toe town ere dia- 
tnbutad ]Uft above the renge of the tower noaton 

The eontroDing valves have a nvolviiig ooro whiob 



m ee n eaively bloelci off the openrag to the different 
notalea thereby tempi nnly it^ping the flow of water 
and ereating an area it I iw pramne direotly above too 
notito When the ooro has paned Uu flow of water 
naumea through thia norile and iprayt the gae which 
has naohed thie pmnt The o m u revolved eleetneally 
at the rate of about 11 revototions per mmnte and a 
6 bone-power motor 11 emide to operate four valvec 
whioh are mffloient for two towen 
The aoTCfnu wWoh an placed above the nootoe 
btmk up toe water Into fine drop* parmlttfaig intlmata 
eontaet of t) e gns and water 
In toa opermlon of tbeM towen at Duqneene the 
gas ness through toe eorubher at the rate of 4 feet per 
Hoond and the water at the rate f tO foot per seeoud 
with a head cf 30 pounds mam prenuro The gaa le 
eoolsd down vary effectively the umpetaturo of the 
outgoug gae being only from 6 deg to fl deg FWhr 
above the tempenturo of Ibo inoomuig water whito the 
moHtore eontont averages only about 0 6 gram pm ouMe 
foot above toe mturation point at the temperature of the 


The Bian gee wneher u shown m Kgs 14 aad 15 
smmts id a statwiiary bonsontal steel eyhndsr through 
whi h the gas passes fn m one end to the other In 
■ids the oyhnder then itowly revolvee a ibaft which 
eanriea a number of vertieal disks eoneisting of win 
netting of fine mesh The diameter of theee diika la 

very efaghtly tom than the iniidB diameter of toe eylinder 
and this arrangement noooMilatee the gas paee ii ig 
through the openinga m the lenane la it travela through 
the apparatue The seneni to toe ertent of nearly 
half their duraeter dip into the water oontained u a 
trough upon which the open bottom of the oyehnder 
Testa aad ae the shaft rovolvea toe pert of too sereens 
whiob has been unmeiMd risee from the water with the 
meshes eovered with thin flints of water thus altowng 
thorough oontoot with the gae ae it passes through the 
perforatione 

ri>AL wrr ci lAinira 

(Some of toess lyitems nen also be applied to pnp 
mary oteanlng) 

The amount of otoantiig aroomphihed fa Zsdhoake and 

sindlar towen and In ths Bian wnaher while mtWae- 
tory for etovea aad bmlen waa found to be not snffl 
eleat when toe gae was destuod fir use m gae enginaa 
and toa systena ot Theiien and Sidiiele wen developed 
for ton parpoaa 

inaieaic oas WAiBan 

The Thernsn wnher as ihown m Figa 16 and 17 
eoanats of a eaang Uned with a spemal wm iMtting 
withm vtoieh rovolvea at high iperd a drum oairying 
numenua fan hladai set at obl^ aagiea to toa axis 
of rotation thaae bUdea or vnnaa being ao fitted ihat 
they foim a eontmuona spiral curve Thie allows toe 
gu to be drawn in at one end ot toe eaeing end egqieUed 
at toe other end Water a admitted at the side of toe 
ototuff end h ooavmtod mto a fine spny by the nvohi* 
tiaa it tk* aad toe anaBfsBNBt ot toato 
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blade* cauM* the vpray tu flow In the opputdle din<<iliun 
bi the (H, -wbloh paavee through this spray, being almul- 
tanoiiuily oloaned and oooled. The dirty water leaves 
the apparatus by a water seal at the bottom. 

The Tbslsen tod Bohide systems of flnsl wet elian- 
ing have (oc year* given very satisfactory results, hut 
are now being gradually suportoded by systems requir* 
ing lass napital espenditure and leas operating expense. 
Most of these systems ean be used for primary uloaning 
as well as tor final cleaning, by installing in two slagp*. 
The most impOTtant of the wet oleaning systems whinli 
perform a* effielent oleenlng witli the consumption of 
miieli lees power sud water tiutn tite Theison and Hohiclo 
systems, are the disintegrator system of Theison, the 
diinntegratur system of Schwart-Bayor, the Fowler & 
Medley rotary washer, and the Feld rotary washer, while 
the Halborger-Botli dry cleaning system of flltratiiin 
through eanvas is remarkably eificiont in cleaning and is 
cheap to operate. Following is a detailed desnriptiun 
of each of the systems mentioned, together with scvoral 
other modem systems: 

THKISEN OlSlNTSaUATUB (IAS WAKHKB. 

There sn two styles of Tbeisim disintegrator gas 
washers. One style oonsUts of a cosing in which the 
gna enters by two apertures at the liaso of the appa¬ 
ratus and is washed by a spray of waUtr In a perforated 
drum nr cage equipped with vanes, the drum revolving 
within a stationary drum, the gas being drawn through 
the apparatus by a fan mounted on the same sluft 
and dUehatged with the necessary prnssuni tu carry il 
tu the point of (mnsumptinn. The suimiid style also 
has the fan mounted on the shaft, but the fan is Imiloscd 
within the disintegrahir. 

The Theisen dlsintugrator eonsists of n scries of nitar:i' 
and stationwy perforated drums or cages arratigisl 
aonecntrieaUy vrilhin one aiuither, os shown in Fig. 
18. The stationary drums eunslKts of round bars and 
the rovolving ones of angle bars. The hot raw gas 
enters the apparatus at the bottom, meets the elHiient 
water and uadeiguva a pnillnilnsry (ssiliug and clean¬ 
ing In the loww port of the maohine. The gas is drawn 
In nminter-ourrait through thu series of rotary and 
stationary drums by means of a fan. The water is 
eoDverted Into a fine spray by the euntrifugal aetioii 
of the rotating drums, and the gas, jwssing through 
this tpmy, is eleaned. The fan Is luealed in the same 
oosliig and on the same shaft as the rotary disintegrating 
drums, the shaft being direct motor dnven. Fresh 
water is introduood into thu Inoennost rutatipg drums 
in the form of a finely divided spray. 

The ouuUng and oleaning of the gas and prodiietion 
of the prassun neoesaary tu oouduet the eloan gas to 
Its point of oonsumptlou are all (lerfunuod in one apiio- 
ratus and with one motor, it is stated that this dis¬ 
integrator is an improvoment over the furmur Theison 
apparatus, requiring much len power and water, and 
petfonning the necessary cleaning of the gas witlmut 
pnHmlnaiy towers. 

(To be ounchiied.) 

“Twilight Sleep” in the Light of Day* 

Hour very exoelleut lay niaKnsluus, mid houio c(]uaUy 
goml profeasloual ones, have Itevii taking somewhat o|>- 
IRwIte sides In a dlsniaslou of “pHliiletis olilldbirtli," ac- 
ivirdliig to rules laid down liy llts. Krooiilg mid (lauss, 
lihysldans-ln-cluirge of the niuu<riilly ulliilc, Itudcii Uul- 
vorslty, Freiburg, (termniiy. 

Thu treatment Is prnrtically nil ndniilntlou to obstet- 
rUw of Crlle’s anocl iiasoolaLlon, that Is, It Is parlly 
IMychologte and partly tlw aduilnlHtrntUin of drugs to 
the imint of semt-naniMls with the ulni of elimluatlug 
the memory of pain. 

Ahaelnte quiet and very soft light In the lyhig-ln 
chamber Is Imdsled upon. Oun liypulernial Ic Injedlim 
of iiarkopfaeu, which Is claimed to be less toxic thsn 
morpblu. Is given, and an hour later a first Injection of 
Heo|Mjlamlu Into the muscleH of tlie Inmliar n'glon. Hmnll 
(loses of HCu|iolamln arc repeated at lutorvols, a(.'conl- 
liig to the length of the Islsir, iisnally aliout five (l(s(es 
Isdiig given. Adr(S'ntcH of tlie nietlusl claim nminrk- 
Hide results. A few luslltutloiis which are properly 
(spilpped for the work lu the tJidted Htnles have girem 
It Bumeleiit trial to demoustrnie that "twilight sleep" 
does act to abollsb memory of imln mid may ls> i>rai>- 
tlsed without marked ikiuger to luutber or child, bet 
osfy uHtk ceert hulUulkmal prcmufloii. Ueotlemeu 
wIhi have tried out the ilernian toehuir do not reusn- 
-l^nd It os a safe procedure under the usual coudltlmis 
(if a general ebetetrlc pracUre. Except for the abulltlnn 
of the memory of pain, and as a luxury to women in 
confinemeut there Is, thus far, no sustained claim that 
the method pivwents sny tangible advantages in tbe 
average ijpse of obstetrics. 

On tbe other hand, opponents are severe in th^ 
eondemnatloii, dahnlng danger of the child beliig 
asphyxiated, pndongaUea of labor, and axcesWva betaor- 


rhage. Hut perhxps the quMthm of tnedloal etUoa In¬ 
volved tts regards tbe kind of publicity SBpIfiyad In 
expioltlug thu method had some bearing upon optnlon 
rather shariily expressed. 

Despite tbe fact that medkal Journals generally were 
quick to denounca the otethodj ct Knmlg apd Gaw, 
the same jeuruols vrere equally prompt in (xmuMBdhig 
the madc-lo-Amerbm “twilight sleep," as ree w n m e i id e d 
to be placed lu the lumds of every doctor who caree to 
imrelMse talUets of morsdilD and hyeacin. 

Now, despite many unfavorable reports npoo morphln 
and hyoadn lu labor—the Journals were ftill of it a fiw 
years ag(V. there are many phyetdana uaing theae drags 
and claiming good resnltH. Tb<w most hare a rcaaon 
for it. Just as otheia have a reason agalnat It Bat 
merely giving moriililn and hyaadD Is not practicing 
the "twilight sleep" method; no, not even approxhnat- 
log Itt 

The fact Is that racial dilforomM should modify our 
(ihstotrlc practice, as women of dlfferniit races present 
(Hireling prohl(>ms. No hard and fast rnleo can be laid 
(liiwii. Home women of neurotic temleiidce—pampered, 
petted, uiimxrustoincd to the luardiiesses of life—will 
welcome the Herman technic of ‘TwIIlKht sleep.'* One 
can reoillly niidentsnd that tho method baa a legttl- 
nialp Hiipileatlon among a certain class. Also thme 
women should be confliind la a special Inatltntlea, where 
they cnii mi/cly have the balm of “twilight sleep." And 
one can uiiih-mtanil readily enough that thu hard-head- 
c<l cfsiutry iihysUimi somottmee has lascs In which 
iiiiiriihlii and liyuscin will serve him and his patient 
True, It lie iisrw these potent drugs, he should remain 
n longer time with tbe patient - cbarglug for bis time— 
H(i ns to be on the safe side, and he should not overdo 
the il(S(UKe. Hut he should not bluff. Qlvliig a dose or 
two of iiionihln nnd hyosdu Is not "twillglit sleep," any 
more tJuiii the common hut nnsdeutifle costom of giving 
II hyiKslernistlo dose of uioriihln before aneotbesla la 
"UIIUCl HMHXjlatloll." 

And the blunt fact remains that netthcr "twilight 
Nli>eti" nor the admiiiislratlon of morphia and hyoaeln 
In Inlior Is gmsl pmctics as a routine procedar*. Moat 
women need neltlier ots« of them. The ofaatatrlcal au¬ 
thorities who are (giiKislng these methods are not dotng 
so from mere cranktneea. 

Biiiiiinir Ann AMawmisiA. 

Tlierc b( a popular demand upon tbe doctor to "stap 
this iialur After all, most of the dosM of naraotics 
. we ^v« are flvem..ii«t.bemraBa; we think Um pnUiM 
needs" the narcotic, but bevaosc he will promptly go to 
niKdher doctor If we refuse. This editor may preen 
himself upon his rirtne bei.viaBe be point-blank refn a m 
u mircotlc nine timw out of ten It Is asked for, and 
Idscs practice by tbe many refusals; but the Scotch 
niv good rcfiUH'iB, and It may he Mnntness more than 
virtue. But whatever It Is, It saves msny a man nod 
n-onmn from themselves. That Is part of a doctor's Job. 

The surgeons arc tosponsllilc for mnrb of this craie 
for pnin-stopping. locUlng a boll for a dollar has given 
wny to the ten-dollar. Incnl-anesthesla surgical opera¬ 
tion. "I'uliilcss dentista" have tbe cell. Blisters are 
(stt of date, prliHiiwIly liecanse tliey hurt. The man 
who Invents "paliileiw vaednatton" will have the autl- 
vn(vlnHtloiilsts on the run In short order. Women who 
hnvc hair removed from tbdr farce by the elertrir 
nnslle nielh(sl are now demanding that conlne first 
Is* niqili(sl. It Is the pain and aniioynis« that keeps 
iimny women from iinrsliig llwlr liahles. Kar-rlngn 
Imre gone not prlnrliwlly hemitise It harts to plaree 
the ears. Men are not a hit Imtter. Every headache 
must 1)0 "stopped" by a d(*s> of (lolsnn and WO most 
N(Hithe nnr nerves with acveral dgarn a day. IV on 
ns! We arc becoming soft And modora surgery Is 
helping along In the eraae tor "stopping" pain. 

8(a Is It tu be wondered at that women are ooklng 
why It Is that normal labor la being made a matter 
of etalmrafe siuvkvU technic and wltbont any tom o( 
niiesllieslu. whereas lu oilier snrgleul work she is fully 
SliestlietlsedT Years ago, before a tabor was ragarded 
as s siirglenl erhds, ether was gtren, and we are being 
nskdl uiiy Ils uss wsa nearly sbandoiied In the lylag^n 

Hut pliysb-Inns know the danger of seml-aneotbagla. 
Hsyhe we have exaggerated tbeoe dangers. OeitaWy 
ivc have devised im way to overcome them. And yi* It 
W(mld seem that, in the supreme crisis of a wmimd’b 
life, there ikogM be a way. LM as try to find lb ‘TVI- 
llght sieeii" may be a beginning. Bev Instead of de¬ 
nouncing It, let us try to find out Itn weaknssa. Per- 
soiMiiy disappointed In all methods of aMothesla or 
seml-anrathesla we have employed In labor, and not at 
all Inclined to view hyoaola fiivonbly, yet «• M that 
a fray nhould be found, even If It la ofanply some modir 
fleatloa of or Im^nvement opon preoakt matboda. 
Meanwhile, let tia bo chartUMe to tba ii bga Mu g who 
advocate TwDIglit aleap" and hyeoeteu It we diiaormr 
■otae better way, thm ody eeadm iatta i wU tm» «itk 


But a tew general eondderatliaia mart hrt ba 
•otten. U wa are to retain onr regard fiay the wntl- 
belng at the race at large, we will not alkp onnetna 
to be swept off our foot by the nltra-aMdan tear of 
palh and the craM ter nareotlci. Bex oohrtdetadon to 
admirabla In Its way; bnt child-bearing la not a matter 
of otdlnaty sex eouMdoratlou, because the fwoa not 
merely tbe fmaale sex, to meet vitally InvidTid In tt 

Of conns, it to a trial for women to teoa chlld-boae- 
Ing and Ite palno. Rvery proper effort ahould be made 
to mitigate tbeoe triato. Bnt If eugenloa maona any¬ 
thing vital to tbe modem women, she will not act the 
coward and manaoe tbe sate conduct of tbs Importnnt 
function of «dilld-beartiig. Hhe will seek for a remedy, 
bnt she wfil also face tbe Issue whether a remedy to 
teond or npt 

Futeiliif MeUla to Marble 

A cBnanr for fastening metal parts to marble, as In 
tbe (WM of an etactrlcal switchboard, wbloh should bo 
moot useful, is given in the Amgriosa JfoofeMsf, It 
conoiste of thirty parte plastor of psrls, tw parts of 
Iron filings, and half a part of sal-ammoniac. Unsc 
matetlata are Intimately mixed and then aoetlo acid to 
added to nuka a thin paste, which must be naed Imme- 

fUrttdkly After 

Wa wloh to call ath^on to tha teA that wa are tn a 
portUon to render eompetont aorvicei In every branch 
of patent or trade-mark work. Onr staff la composed 
of mechanical, alaetrteal and ehemleal oxparta, thor¬ 
oughly trained to prepare and preBaenta all patent ap- 
pUcatlona, 'frnqiectlve of tha complex Datura of tlie 
subject matter Involved, or of the speBtelinod, teebnteui, 
or acientlflc knowledge rei]ulrad therefor. 

We also have assuctotea throngbont tha world, who 
assist In the prosecution of patent and trado-nmrfc ap- 
pHcatlona filed in all couutrlea foreign to tha Vnltnl 
Htateo. 
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Aeronautics and the War* 


A Review of What Aeroplanes Have Done and of Their Development During the Year 


SoiiK time In the future—In the near fatare, we hope 
—It will be imtwlblf tii review the aeruuauUeal activity 
luUutvHj by tbe war um h wliule, uial to cumiuenl freely 
upuu the fui-u iliea known to uh. It le ImpuHelblu and 
iiDdralruble to ilo ho at preacut. With the knowledge 
of wUat luut bw-ii (lone, uh pueeceoed at preaeut, wo 
would lie III Home danger of drawing falMi dedueUono. 
Kveii now, we fear there In a tendeney In Home quarten 
to lulMtnke the aim and object of the military aviator, a 
iiilatukc foMtered by the teiHlion-y of the Prenn to give 
iiuilue pnimlnence to ccrtnln ihiHblng aoroplauc explolta. 

It In clenr enough already that by far the mont Im- 
IMirlaiit duty liitruHtcd to oiir flying corps la tbe collee- 
lion of liiformiitloii concenilng the enemy'a muvementa. 
Time and ugnlii, Sir John tfrench and otliera have paid 
Nplfiidld trIbulcH lo thia aapeet of our avlatoni' work. 
It baH been dellnitely laid dowu oh a guiding principle 
that llibi eiilleetlon of Infnrunitlon la to bn tbe main 
oliJiK-t of the eoriM. NevertheleMa, ua the commauder- 
lUK'hlef Hald In a neoiit diHpateh, nlnioat every day 
new metlualH for enitiloylng tbe mcmliera, tmth atrategte- 
ally and Inetleully, are being dlaeovered and put into 
pm(dli.-e. Wlutt tbcHe new inethoda are we will no doubt 
learn In good lime. Put for the preaent we miiat be con¬ 
tent with the knowledge that In addition lo collei.Hing 
lufufuiatlun our avlatiira are eiidenvorlng, very aueceMM- 
fully tiHi, to prevent tin* enemy'a nirmen doing llke- 
wbH>. An a meniiN for (llNcovi<rbig targobi fur our artil¬ 
lery and fur ulaierriiig the range niul directing the Are 
generally, they have proved tliemaelvcM Invaluable. In 
addition. It may be gathered tliat they ore being em¬ 
ployed to diacovor tho poaldun of our own trooiw and 
their movemeuta and report aeeonlingly to headquar- 
ti‘ra. Thin hi, of cihitho, not a vi>ry HenNatioiiHl oecupa- 
tluu, hut It hi one of the rcHUlta which can be of tbe 
blgbeat Importance, lairtb-ulurly niider modem coiidl- 
Harm of warfare. It la only fair to mention hen* nlao 
tlie adudralde hut wholly uiiaeiiaallouul iwtrul work 
lliat la cnrrbal on unceaalngly round our coaNta by aero- 
niutn of the naval and military wlngn, 

While boiiib-dnipping liaa Im'ou clfix-tlvo agaliiNt Ze|i- 
pelln alHalH, aupply and ammunitlou coliiiaim, railway 
atatloiiH UNod by tho enemy, and ho on. It muHt nut be 
forgotten that tbe elTect In luumlly quite ha'al, whrraaa 
the aeroiilaiiH acout may do work HiriHqing the Mucceaa 
of the whole eamiwlgn. Other metlnalH of retidorliig the 
Benqilane u lueaiiM of iifl’eni'e ngaliiHt troopa have iMtoii 
Niiggeated aud tried, one notable cttNO Indiig the eipilii- 
Dicnt of It with a IhiX contaliilng hUh-I dnrtN for dbi- 
ebarge agaltmt troopa In cloeo fumintlon. We have 
Been and bniHlIed two formn of aueb dartn. In one In- 
atance, the mlaalle In merely a ateel pencil, with a pon 
lion of Ibt length fluted by a milling cutter to give It a 
tall. In tbe other cnHe, the dart In more elaborate, 
coiiHlatliig of a iHiliitiMl ellliiNuldal head, a aiuall rod- 
like Hlmiik iiiid a tall foniied of four plane HurfaccH dla- 
puHcd at right imglcH. It welgha iimler 1’ oiiikvn, and 
daring ItH (lew-eiil iiniluihly nMiclieH I he llndtlng ve- 
liH-lly of HHi feet to Wat feel laT Hecoial, mi that ItH Htrlk 
Ing energy la, miy, uIniiiI RKI fiMit-iNiuiidH. Itepnrta—- 
fnuu Oeruian Hourcea, It 1 h tnie-i|Ulto dlaoredlt the 
effectlvenuMH of Ihbi weiiiwii. 

Ah for defence agnliuit nerlal attack or ohNervalim, 
we may tentatively cxpiow the opinion that aerofilane 
iH the beat reply to ucruplanc. lillle Ore from the 
griNUid 1 h practically of no avail. Siaa-lal aidl-alrcroft 
gaiM have Inh'Ii used and have nu one or two oecaaltHM 
huccthhUhI la hringing down their pn-y, Init wc have 
reeelved no coiicIunIvc evidence lo pnive that they are 
nil iiiaiUBlHIeil HiiccetiH. The aerial duel, romantic aa 


Hccin Id iircfcr Ihc Hhort ncrvlco rifle and tlie revolver 
lo any (tulck-flrliig gnn y(*t dcalgued or InHtalliHl. Ile- 
rria*c ugulnat Z(>pp(>llnN fallN under a illlferent beading. 
The huge turget iiraoentHl mid the alower apcoil prob¬ 
ably reader Ihe aiitlqUrcraft gun the beat reply, alMaaigh 
on tlilH iHiliit we have had no real cx|iprleuce to gnlde 
UH. IlepurlH have Urn received on aereral oocaalona of 
/N>l»pelliiH Iwing l■llllcke(1 by aeroplam>H, aud In at Iraiat 
one liiNtmicc wc were told that the aviator gallantly 
Hnerlflccd UhtHclf and dcHtroyed the enemy'a eraft by 
ramming tt tJnr remlera Hhoiild b* ilow to accept tbeoe 
HlorIcH ifh tme. Indeed, Uarroo’ exploit waa a pure 
flctloii. 1'be oiieratlon would almoat certainly not at¬ 
tain ItH deelrcd end tii Uie caae of a Zeppelin («• other 
alrnhlp paeneoNliig a rigid framework and omylng Ita 
gOH la eight or more aeparate bolloaeta. A mMi mom 


reoBonable and leu waoteful method for carrying out 
an aeropUuie attack on on olmblp la clearly Indicated 
In the lia.vndiary bomb. 

It la not a little cnrloue to tnm back to-day to the 
“Aviation Ucuiorandiim" laaued by tbe War Olllce in 
April, IBlli. Tbla memorandum, It may be racallod, 
duflnltely cotabllabod the Uoyal Flying Oorpa uu Ita pnoi- 
ent baalN. Oiio irf the moat atrlklng polnta about It, aa 
now Hceu, la the extraonlluary eatlmate of the “waat- 
age" likely to ocenr In war time In the ranka of tbe 
corpa. Tbe catabllahmcnt for the expeditionary force 
woe flxed at Ittt flying otfleen and uun-comwlaahmed 
olflcvra, with mechonlce, tnumport, etc., additional. It 
WNN awtamed that at tbe end of vlx muotha’ war the 
WBHtage would be UM per cent; that la to aay, that 
the whole of the ortglnoi force would be out of ocUoa 
It haa not, we think, been called attention to before, 
but the fact U Uutt thp caanattles among the Boyol 
Flying CoriM have been remarkably low. We have 
now been ut war fur live moutha, and aa correctly ns we 
can dlacover our caanaltloa have been bm folluwa: 

Army: Killed by the enemy. 4 

Killed acaldentaHy . 2 

Hloalng and priauuers . 5 

Wounded . 0 


In addition the naval olr acrvlce loot two killed 
and three wontidcd when H. M. M. “HermCH'' wun Hunk 
and Buffered four woumled In traimport am] armored 
motor car work In Helglum. Cunnthig all aonrcea, 
therefore, ilw army Imm loot «lx and the navy oeveu 
of ItN ulnneii or mechantco. We do not know what 
the total aortal force attached to the OrUbih army or 
navy now In, hut the OasrttM have ahowu ua that 
Hltiec the war began tho ranka have been cnormouNly 
Ineroaoed W(< may doubl, therefore, If the cnaualtlea 
hare amounted to more than 2 or 3 per cenh Tbe 
figure In (>ertutnly very mtieli nmaller than that for 
the otlier hrandiea of the army, ao that It appeam limt 
the air Hervlee during war time la one of the nafeat to 
lie 111 . TIiIn remarkdMe and HlgDiacaut ilediietlon In. 
we may add, eoullrmed by tbe reiiort* of aome of our 
avlatoni, who frankly admit that from the point of 
view of Hafdy they diNtliietly prefer flying to occupying 
H place III the treneheN. Knowing oil that they have 
dune, their ardnoua dattce, tbolr daring exploltii, could 
there lie n fliier teatlmoigr than thla to the excellent 
coiiNtruetloii of our maciduee aud the aklll with which 
they aro handled T 

111 tbe Hoino momorandiim aa aliove referred to aome 
healtntinn won mniilfeateil In aaalgnlng a deHnlto rOlo 
to the naval aenqilaiw and the urganliatlon waa left 
eornwiHiiKlIngly elaHtle. Since then wo have progremed 
coiiNlderHlily. Seaplaiiea have lN>en rapidly developed, 
niid wo hnve now a Naval Air Service tliat Imh been 
l■volv(■ll along urgaiilwil IIiihh freau the old naval wing 
of the Ruyiil Flying <!or|M. NevertheleOH the leaplane 
or hydroHienqilttiie haa nut takoi —or rather, boa not 
been announced oa having taken—any consplcuoiu port 
In tbe war ao far.* Thto la almoat certainly doe to the 
fact that opportunity to do ao haa been lacking. Ihir- 
Ing tbe transport of the (mpedlUoaary force to France 
In August alrahlpa and aeruplanea—pmomably sea- 
planea—kept watch and ward over tho Channel for the 
approach at hwtUe inufL It la poeaiblo, too, that tbe 
aircraft that directed one moiilton' lire agalnat tbe 
(lennan right lai Uie Kelgian cmuit Included mane Mi- 
planea. Beyond tblH we have beanl of nothing being 
done with theoe mft, althotigii, of courae, our aeaplane 
iNiHtai rnnml Hie cooNt have without doubt been engaged 
im UHefnt patrol and other work. Onr naval avloton 
have nut, however, been idle. They have found a con¬ 
genial occupation piloting land machtnee and armored 
motor care. The ralda on Oologne, Dtaeldorf, and 
Krlrdrlchabafeu were all cuDducted by naval olmieB. 
Still, tbeee facte seem to lend strength only to tbe 
HuggeHtlon that the naval aeroplane for strictly navo) 
punnaea luw a much mure rmtrirted field at appllca- 
tlnn than Itn military oieter. Indeed, when we read that 
daring the twenty doya preceding September lOQi our 
military machines made doily an avenge of more than 
nine reivsiDalnanee fllgbta of over 100 mllee eoeb—and 
this may be taken oa on Indlcatloo of tbelr activity idmw 
-the Inactivity of Hw aeaplane imns to amount In 
comparlMon to something approadtiog faUnm In wrlt- 

$t **" 


Ing tbna wa wish to expresa no final optnlon, for we 
arc won aware that we have not yet beard oU tbat has 
Iweu accontpllabed by our aircraft and ttwt no final 
Judgment can be pu^ ou anything, let alone aueb a 
highly complex and technical subject oa military end 
naval acrooautlca until the war la well over, 
ABlONAPTlOa u 1914. 

Taking tbe queatlon of geueral deolgn, the year baa 
wltncsHed eeverel fairly wide deporturea from ordinary 
practice. While generally atondard moDoplaDa and 
biplane construction haa become cryatalllaaif around 
n few doparturei of detail, there are algna that other 
posaible tyiics of flying macblne are attracting attentlan. 
Tim helicopter Ide^' for luatouee, la not yet daad, oa 
wltiieoa Ur. J. R. Portor’a contlnuvd activity with hla 
direct lifting parachute machine. 

But to cunflne attention to machlnea folloarlng the 
aeniplaiie principle, we may note tbe oonatmctloa at 
tho l>onDlor WurkH, In France, of a fonr-wlnged moao- 
pluiic. The two iwlre of wlngH In thla machine ore a^ 
ranged In tandem, the front pair having a dihedral 
angle between them and securing lateral stability, and 
tho rear pair being vee-ehaped in plan, oa In the Dunne 
maeJihie, and aecuring lun^indinai itabllUy. Fitted 
with a 70 horae-power anape engine, thia machine, 
under tcet at IlholniN. In sflltl xaNlly to have lifted a 
nNcful weight of 1,400 iwnii^ 

Aa la well known, Ur. A. V. Hoe and aome others 
In the early dayn aiieut cumddernble time experiment¬ 
ing with trlplahes. Although eumpletc failure did not 
result, at leSHt In Ur. Soe'a cose, tbe Idea waa generally 
alwiniluned. It la difficult at the liest of times even 
now to combine stnulural stretigth In a biplane with 
non-iiiterfereneo of one wing uyi tlie other. Still more 
NO miiHt It lie In the triplane. Yet oh the liada to be 
carried Increase a time will aoon come when the biplane 
formallou will nsnilt In an Impracticably great span 
and resort will have to be made for purely ctmatrue- 
tlonal reoaons to the trlploue or uther formation. It 
bi therefore Interesting to note that a auccvesful triplane 
mnchlnc haa hceii demonstrnted during tbe year, Tbbi 
In the Bulcr bjdro-trlplaiie nr flying boat, msnnfae - 
Inrcd ot Prankfort-on-Uahi. The top plane of tbla ma¬ 
chine IMS a a|iau of 40 feet, the middle of 33 feet, and 
Ihe lower ot 2(1 fret The three planes, to avoid Inter- 
fereiH-e, are very niurh steggered, the top plane con- 
aidernbly ovenbootlng tho middle and the middle the 
lower. Thu mnehlue In proiwJIrd hy a 100 horee-power 
Unome eiiglue. We have no record of Its performanee. 

While dlNcuMilng type variations an hlntorlcally Inter¬ 
esting fact may be noted. On Hay Oth. 1886, Prof. B. 
H. iMngley of the Smithsonian Institute, Waahington, 
had ths Hslbifartlon of seeing his model aeroplane flying 
for three iinarteni of a mile against a wind. Thla nw- 
chine was of the fonr-wlnged mono|ilBne type and waa 
pnipellpd by two Mcrewa driven hy a steam engine weigh¬ 
ing 0% iHionilN per boTHe-power. A luhaequent largo- 
hIsviI ru|>y of thlH machine, Inteiuled to lift a pilot, was 
eiHiMtriH'tvd, but fiillrd. During tlw iswt year an exact 
duplicate of tbbi machine as preserveil at the Smith¬ 
sonian museum won conatructed and Mth-d with a SO 
horse-power Curtiss motor. With a slight reduction In 
the angle of Incidence of the wings and the adtUUan of 
a hydroplane for starting an American aviator, In 
Septomher, ancceeded In flying It nearly 2,000 yarda, 
laiDgley's position as a pioneer of flight, sonetliiieN 
dimbted, has thus definitely been establhih^ 

lawvlng the develupment of type for tbe develoiiment 
of detail, we can touch only .upon one pobit, nanely, 
fbe vexed queotion of stability. Tbe progieoa mode In 
tills direction haa not been aa great Oa we sbonld likt 
to see.' It Is undoubted that so far an autouMtlf ato- 
MtUy hi ooneemed, there la e prelndlce agatiiet It einoeg 
^lots,' ^ tbat tbU' prejudice U blnd^lng pngriaa. 
They cbjecti it aecma, to carrying mora maiditiieiy'tlian 
lit Ibaointoly Deceaauy, and looking at oiana of tbe 
isAipIliaitMl and deHtata devkw wbleb have’been pro¬ 
posed for attelnliig antomatie stablilty, oiir aympethlba 
are entlrriy with theia. They nuUntoln, totk thflt <iw 
devko yet propened seonra atoblllty nnder nU oaii^ 
ttona, and that at ttmea, notably when landing, fbe 
Htablllly must be under tbe direct pptaooal’ eootinl Of 
the aviator, with Um InterrenUin of the leeot poenible 
amount of modilnery. 

The Bperry gyrooeaiite otaMItfling deviea boa olieedy 
been d es cr ibed to these pages, and may be taken-ae 
typical of many pcopaaola. Rtpmlly typical of anethM 
ebuM la the Wright ajwtaaa, to whleh mnoh nttantkm baa 
bean dliectaA during tbe yaar. In tWs Um flHUNla 
sin nmafod tn be ognmtdt by • aabgMMsd ilr afitoK 
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The ecUon of this motor U In turn controlled by a vano corroctwl. and to keep MwInRtug when the macblne baa of inbcrcut afablllty under certain condltloiw, Th«- onll- 
wfaen the longttndtnal xtabtUty la upaet and by a pendu- been rlabted. In the VITrlsht apparatua an electrical con- nary dihedral angle between the wings of a moclilne 
Inm when the lateral atablllty la nlTcctcd. Tlie uac of tact eyatem la employed to correct these dcflclenclca. u Intended to secure ipartlally at least Inherent laierai 
a pendulum for thin purpose has often lieen proposed. As for Inherent stability, iwoftress toward a nmi- Mtablllly. As a develii|imcnt of this, we now have, ns 
but It la unaatlafactory because of the tendency of the pletoly aatlafactory auliitlon la atlll In the oxpnrImenUI In tbc CurUaa systeui, u Hlnlilllalng disk, wllb Its Intenil 
panduluBi to awtng to lu maximum amplitude Inde- ami matbemaUcal atage, although, of vourse, there are edgeM lumed up. mounted well above llie tipper innln 
pemlently of the magnitude of the dlaplacemeot to be many machlnea In exhitciice which give a fair degree plane. 

The Making of Large Guns 


Some Details and Methods of Constructing Modern Weapons 


Thsu has been ao much bi the dally newa retmrts 
about the “big ■una’’ and wtmt they do, that then la a 
natural curloolty among a large element of the commu¬ 
nity to know how .tbeao remarkable weapona of modern 
warfare are conatructed. To auch the following deacrlp- 
Uou of the mettaoda of prooulnn* In building of big guns 
111 Buglaud, which we tind lu the Hiiglneorlng Hupplc- 
meut of the l,aiidun Titnei, will be of Interest. 

From the point of rlew of the machlnlal the manu¬ 
facture of ordnance baa three aspects—the large niim- 
la>rs required, tbe peculiar and Hpechil abapes of man)- 
lairtloiiN, and the exceedingly flne degree of accnipcy 
which la Bbsulotely caacntlal. The large nunils-rs re¬ 
quired affect tho methuda of maunbirtnrc ndupted. 
There la, of course, an immenao difference between the 
uuiuberM lu which the amaller artillery and the rela¬ 
tively few hig nurol guua are hnllt. between sn.v, the 
Maxims and tho la iurh or tbe 16-Inch guns. Yet for 
all alike the shop melbials adopted are thisie which arc 
now gmiprally rccognlxed as processes In which Jigging 
niid giigliig arc easentlal. When In war a ideoe of artil¬ 
lery Is tbroH'ii out of acllon by the romoval or ilamngw 
of some essential port, II Is of tbe tint Importance that 
It shall be rciiewnhie without the help of tho skilled 
iui«liaiile. This Involves a degree of refinement In 
mensuremeiit ahleh exrectla even that adopted In ordi¬ 
nary engineering works. The hlgliest grade of Inter- 
clinnguahle prarlhv Is therefore essential to Insure the 
best results; ami all the methoda which an* nvallahle 
lo secure those resulla arc freely uaed—Jigs, special 
drllla, boring toola, reamers, cutters, and gages aiul 
micnimetcrH Rvnn when parts have to be finlsbsd by 
lutiKl they ore cheeked and tested by means of fixed 
gages. An.v lairt of any one tj'l>« and siso of artillery 
will then take Us place In any Individual of that type 
nial slic. 

Again, the iiecullar and apeclol shapes of many por- 
tluoa have been the cniisn of the design of many special 
nuchine usila which ore useil for no other piirisHes and 
the details of which are not iiertnltled to be published. 
I'hilgibly one luilf the (mils are either of this charader 
or else they are staudanl designs greatly modlllud. In 
many eaaes two nr more oiwrotlons ore <lano on the 
same pleee almiillaneously The aceiiracy minlred In¬ 
volves not only the Jigging and gaging nireudy noted, 
hut also a most elalionite system of lenlliig boture llie 




Fig. I.-|Upp«r) Gnn bnllt up of ateal tnbea. Pig. 2.—tLower) WIrc-wonnd gun. 


(lone on ottM*r machlnea, tbe beds of wbleh are long com|iarcd with the compouent parta of tbe gun mount- 

enough (0 (swiult of boring from each end almulta- lugs. UxcepUiig In their pn>i>ortioaB and dlnunudons 

msiusly. Hludbir opcratluns are performcsl on tbe gun iiiiil the dlffereiicee lu wLre-wlndlng and building up 

tiilM>s und the Jaekets, but <hi dtffvr«>tit nmchlnes, Hich ulUtuul wire there la no eaaeuUal dlfTcrence helweeu 

of a length and height of eentera huUmI to the jairtlcU’ >he small uud the large gun tubes. All are built up, all 

lar work put upon It In some machines two tulnm wilt nre hrcvcb-hsidera. But Ihe munutlugH iiri> lolull) uu- 

ls> bored almultanenusly. An Imisirtunt u|M>rHllon ful- like In laud srllllery and naval ordnaucis und In snuill 

lows, that of hardening or tcmperhig In a Iwlli of oil. uiiil large guiu. In a Maxim there arc uboiil UtHI sepa- 

1'hc resnltliig luinlmw) and tensile strength have to imss I'litc isirts, entailing about 660 distinct ois-iulluiis dum* 

strict spcolOud tests before any more work Is dom>. »n luacbliicK, aiwrt from the fitting. For Ihe 0.:i(n 
Maxim ulmul DCO gnges arc uaed and the |uirls- all lu- 
wiRE-wiNMNo. ll■^changcllblo—are within the limit of l/.VlSNMh purl 

From Ibis stage llie guna ate constnicleil on one of of uii Inch. Ou a 0-lncb gun (here are about KiU imrls 

lira two sysivms naim'd, that of plain tabes ami Jarkels, In the merbanlam of the breech alone. Thu work on 

and that of tiilsw wound with wire before the Jackets ibe pom-pom gun Involves alsmt 770 operatluiis by luu- 



doiihlp the tensile atreiqith of that la tbc tubes. The 
dincultUst of shrinking on tabes to seenre uniform 
stress, even though they are divided up Into oomimra- 
llvely short lengths, are greater than those of winding 
wire. If Ibe tube should crack or devdop a fault it 
may still be fired. In the event of an explimlini of a 
shell III the tnhe the wire winding will prevent grave 
dlwater. A fiiulty tube can be more readily replaced 
when wire-wound than when the gnn la bnllt up aolldly. 
The illnotraHona give sectlnna Ibrongh the two types of 
gnua. The enlld gnn la open to be bnllt up of tubes 
wholly, Tbsae are clearly sbown, and tbe Jacket, each 
one shrank on Its predecemior. In tbe wire-wound gun 
thane may be one or two tnbes over which the wire la 
wiamd. and the Jacket tubes are ehrunk over tbe wire. 
A bash for the breech ping li ocrewed Into the rear end, 
which ia bIbo mlnAicced by a breecb ting outaldp. 
'vAOHtgtga onaaTroug. 

Tim enormooa atfimta anduwd by tha bellt-op gnua 
woijM *M>t b* pMbbia tiat far tlM atxtnaN cara ms- 
(to# iip.tlw ot tbp itMl fiiM to tiM Iwfit 


very blgli, IW tons to the square Inch, A Ifi-iiicli pin 
requires 1J7 mllea. with a total weight of nlsnit i;i\^ 

necessary to remove liusiualllles in readiness to receive 
tbe Jacket tnlsw, which are bored to In> sllghlly smaller 
than the (nitsMe of the wlrot so that they may ls» shrunk 
on. In a tnbe which Is nut wlrs wound the same priswi 
Is adopted. 

When the Inner tube eonalste of two portions, the 
Inner one Is allghlly tapered on the exterior niiil also 
Iirovlded with a unmber of shallow shisilders. The In 
terior of Ihe aeeond lubo la Iwred to corrcepoiid with a 
diameter very littio leee than that of the one over whieli 
it baa to he ehrunk. It la then heated allgbtly and Ihc 
Inner tube thrust into It up to tbe slionldera. 

As these shrlnklng-on operatloos have to be done with 
Ibe guns suapended vertically, very deep pita are neecs- 
sary. partly aunk Into tbe ground and partly bnllt up 
about It. The haathog la eflseted by gas Jeta mnround- 
Ing the Jaekat. Watar taps era provided for nee it re¬ 
quired tor ewdtog. Alter Uw starlnklni on to completed 
tiM oqtolde to lUmmed ever to the toUw, and the ma- 


llie block arc accompHshed by llie movements of a sin¬ 
gle lever In the smaller guns, of a handwhivl In llic 
larger, by menus of lUccbauUm contained In uud alsnii 
Ihe block, and this detail Is a vital element In Hie ipilek 
firing uf guns, the Inqioriance of which Is well iiniler 
stiss] III modern wiirfHre. Another us|s*ct Is llglitncss. 

UriCK-riHINQ ANU AUTOMATIC Quns. 

All guns DOW are qulck-flrliig, but rclntlvcl.i few iin> 
iiutomatlc Tlic ilUtlnctloii Is Ibis—In the first the 
IntsH-h Is opened and clowsl by lever or liniid wheel 
wlUi remurkshle rspldlly, In the secuiid Uie energy of 
lira riiTill opurales the mis-lianlsm. In Kiiglnnd Ihe 
Maxims sinl the pom-poms uro the examples nf this 
hiller group. In these tho hreech-hlock is not serewisl. 
hilt sillies In a vertical plane between guhli<s, n spring 
and a lever operating It altoraalely. The isnn-isuii will 
tire from 2G0 to !I00 roands a mlunte. Kneh sin-M 
weighs about pounds and bursU lulu a iIom-ii phs-es. 
The Haxlm will fire SOO rounds a minute, iiinl Its pro- 
Jectlle welglis 1 ounce. A 5-lncb field gun curries n 
lUO-pound projectile. A la-ineh naval gun firea nn sVh 
pouuil ahell, a Ifi-lncb gna one of lAKM) iNnimto. 
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A rcacnc car with aUe* fitted, and a ear for earrjrlnf parti for npUeeaiMt. 


Auxiliary Military Motor Cars 

Various Kinds of Curs That Have Been Developed to Meet Requirements of Armies in the Field 

Thk UcriDnii nnny ilfinirliiii'iii, lii wtili tlip veliiclni are atattoDaiy tbere li lufflcleiit cuullni iKTiied In a contral canpartinent, while tlie anu^ler 

the Rpnxwerko Onmn'iiKiiii, Iihm- iloHlKiifd n uimilier elTeH for contlnooui ninuluK of the eiuilne. arthta are itoied In blna on either side gt the TebK-le, 

of lullliiiry ri-lilf'lp!i which on nctiuiiit of tholr Hpccliil Tlwre Is a motor-driven tnnh wasou provided for Each hin can he locked, while a special device endhiw 
iillllty Hrc Ilf grcHt imporlnncc. Thooe nuxlllary motor the trailHiK)rt of supplies of fud, water and oil, and all bins In any row to be cloesd and locked almnltn- 
curs lire kept lit tliu liistiiiu disposal of Llie nniiy In the tank tbemfora la divided Into three enmpartmenta. neonaly. 

onler tlint In the eveiil of any breukdiivrii of other The front and rear Gompartanmte contain respectively There also hea been developed another anxUlarj 
motor >ebli'lea they eiia 1iiiiiiisllatcl.r eoiiio to tlie nil and wnler, the large central diaiDber being rewired motor vehicle IntsDded for carrying bodily a'car wbldl 

meiie. and they alau serve to replenish slorea of fuel, for gainllne. The gage glawea and a gaaoMne meter may Da temperarlly disabled, Uraa pnveoting Ma cais 

oil ami water ibow the amonnt available In eacb compartmmit at any tare by tbs eowmy. This vehicle baa an azcapthwally 

Their itutlcs aim Inclisle keeping the military vehl- moment, while pumpa are fitted by means of wtalcta long wbeelbaae and frame to taka an eatia hmg plat- 
eles of nil elnaiu-s In permanent working order. Tlieee tbe contenta of eacb compartment ere conv^ed tbrongta form body fitted with removable sldai tbottt 10 Inches 
■ lira eacli nunprlse a Ih-ns chnsels with sneh altera- flexible hose pipea to the can reqolrlng refdenlahinenL higb. Thaw ildea are eacb fittad witb a lUdIl« tneik 
Hulls and adilltloiis ns are reqiilreil for the special par- As shown In so accompanying Qlimtiatinii, anotbar and can bs nted to tWm rantpa op wbM a 
(Mise for which each Is Inteudad. Bach machine le motuiMlrlveo military oar hat ben dealgned hitwidad vehlcia can be roUafi onto tbe plaWeciA. Wg^Miiar 
driren by a 44.(k> borse-isiwer font-cylinder motor, and for the traagiort of a eompleta ftnek ot reptaeaeot tlOB can ba pmfieaMd vHh lltOa loga pC tla% aa^fo 
extra large radiators are fitted so tbat even when parts Ineladlng Urea, Tbs tlias and buger parta aia raacaa raUela te prarMaf at tba tav wuli: 4 
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(drlTW hr the power of the en|liie) from which a 
■teel cable la attached to the dbuhled rehlcle. The 
platform of the leaciw car la alao lo eqaipped that 
a erase can be Installed and ntlllaed for pidting up 
n vehicle that may be too aerloaBly dliabled to be 
hauled up the ramp ae deaerlbed abore. 

The military workshop car shown in one of the 
lllDatrathma Is of the greatest Importance for tlie 
keeping In order of aeroplanaa, military motor-ryclea 
and gnn carriages as well as other motor vehiclea. 

As will be noted In the photograph, a complete ontflt 



the chassis Is InatnlUtl an outirely Inclosed direct- furnish shelter. A roll fitted round the top of the 
current dynamo with an output of 46 kilowatts, and mof furnishes adriltlonHl stornge for material. With 

driven from tlie gear box of the vehicle by iiienuH of tlu' etjulpmcnt here dcscrllHsI the viirlous tlgblliig ina- 

a special abaft end clutch. This dynamo suiiplli's clilnes of the army iiiny be kept In working condition 

the enrrent to the ludlvldnal electric motors flttoil to lo the field, wI)on witliont such (rurclliig workshofis 


cccli of the inaeliliie tools. The shop Is also elcctrleally much of the mllitiiry H|i|iiinitiiH wlmii once disabled 
llgliled. wmild Is- nselcHs or have to be abandoneil. 


Tke PrcMrrlag of Food Prodneta* 

IIiLuons of dollars Is a lot of money. When Inveated 
In perlshahla foodstuffa. the market value of which Buu- 
tnatsf, and anpidylng the most densely populated lec- 
tlon of thli contlDeut, the problem of prcservlnK these 
prodnetn la one of great economic and englnaeilng Im¬ 
portance. Wo will consider only tlie engliieering part 
of the problau. 

Bight here, the writer arlshes the reader to under- 
staud that In thla plant nnlntormpted service la pam- 
mounL To shnt down 1m unthinkable. 

Bervlee la lold on a gnarantee that the temperatnro 
wUI not vary more than one degree. Hnppose the plant 
fall! only for a short time In summer; then the tem- 

• From ta srtlcle na ths ■snlimuBt and llathoda la the 
ImrgMt BefrlascatluB gyitsm, by Charles If. Bromley, In 


lierature rises aud hundreds of thousHmls uf dollars' 
worth of proiliK-e may be ruloed. The dealer can claim 
damages for his loss, and there Is alwaya the possibility 
that, should the aervloo fall and Ihe tcmpcruliire rise 
considerably at a time when the market rslue of the 
produce Is going down, with every Indh-atlon that It 
will not rise hoou, the dealer might sue, clalmtig Injury 
to hla prfsluce, and thus try to recover a lews or avoid 
an Impondlug one. Where over Uno cuHtomem arc aerred 
on the atn>et Nystem alone and seventeen large ware¬ 
houses are filled with perishable goods, as Is the ease In 
a large plant In noston, the damages due lo service 
Intorniptluna w<aild be large. 

Hervlce Interruptions are as mueh to be feartsl om In 
eleetric centml-statlou or railway practice, either of 
which can drop its load and pick it up where It dropped 
It. A refrigeration atatlon cannot do this. The mo¬ 
ment Service ceOMat, the temperature begins to Increese, 


and by the time the plant Is again In serrlce, the teni- 
pemturc may hove risen so high as not only to damage 
the goods, but—and hem Is the iwlut-to roqulro boors 
lo gel It hack lo normal. 

Dllferliig from electric or railway atatlon practice, 
the load Is prnctJciilly constant Ilf hours a day for whole 
Ncasuns. Frrau the viewpoint of overall station econ¬ 
omy. this may be dealrable, but where real estate valuai 
arc high and the atatlon’a capacity Is none too great tor 
the maximum demand, the aiiilpmeiit must go into 
wrvlce prepared for a nonstop run of months. Every 
fiartiiie of oisrallons, every detail of design must be 
|)lnnne<l to this end, aud shouli] an aei-ldeat ist-ur, the 
cvlgcnrles demand that the crew bn raisihle uf getUng 
the nnichliie Imck Into servlee with the leaat poaalhle 
diiay, which means that It mnst be, to a great degree, 
liidi>|iendpiit of outside aid exccfit for very exceptloiuU 


High Explosives in Warfare 


Interesting 


At the present time oxploolves sro plsyliig such i 
prominent part in Uie war that the Interest atal atteu- 
tloa of the moat peace-loving dtlien are necessarily 
onnised by the tanible roanlts undoubtedly prodoced, 
or aM more morUdly affected by the talcs of the alleged 
marvelaas effecta which are yet to bo oxporlenoed. A 
few notes on the most Important explosives being used 
In war may therefore be of special liitereat Jimt now. 

The explosives which can be advantageously employed 
In warflire aro by no means the most powerful which 
the ehemlot can produce, or which may even lie usnd In 
dvll engineering or mining opemtlona The mllllary 
hld> exploalve rauat be anfllclently Insensitive to shneh 
to prevent Its being exploded when struck by projoc- 
UlSB, or when sabmltted to the shock of being llrod 
from a gun aa the charge uf abell, else It might prove as 
dangerons to the user as to the enemy. Tbua, the nltro- 
glycorlno class and many other expluslves are excluded. 

For many years guncotton, containing a considerable 
amount of motatare, was largely used fur naval and 
military pnrpoaaa. In the moist state It is eitremely 
eafo, but can bo easily detonated when a sraull primer 
of ^ goncotton li llrod in contact with It The «z- 
plaslVB effect la great, and It provided an excellent and 
sate axploelve for military mlnea and purposei of do- 
otmctloii, and as a charge for toipedoeo. It was not, 
however, snlteA for nse In sheila 

The Ugh ezploolves ehlelly being nsed In the present 
war for shetl-IUUng are picrio add, trlnltrotolnol, and 
ammonal. Picric add, with or wlthoat the admlxlnre 
of variooa ingredients, hoe been In noo at one tlma or 
another In moot coontrles under the names of mellulto, 
lyddite, ahlmoae powder, etc. Tlntll picric acid came 
Into use, black gunpowder formed practicnily the only 
eaphMive naed as a bursting charge for shells, and the 
nae at picric add was a great advaixv from the destruc¬ 
tive point of view, as Its explosive power whs very 
aaneh greater. Picric add, altbongh snffldently Inaen- 
altlve to shock, has the property of readily attacking 
metala and forming plcratao, which are much more acn- 
ritlva and lUblt to exploalon. This Involvoa epeclal 
precanUena In dealing with It, and la a dlaidvantagc. 

Ammonal la a mixture conslatliig of ammoninm 
nitrate, trlnltrotolnol, diareoal, and alnmtnlnm In lino 
powder. It la very safe, and la more powerful than 
plerie add, bat owing to the bygroscople character of 
ammnni mn nitrate, Ita Chief coutltnent, It taai apedally 
to ha p ro tected ftom moiatnra which lednces and. If In 
aaflMaqt qnanUtr, deatraya Ita power cC explodon. It 
h ItifOr need by the Anatrlaim. 

TrialtretdiiOl to nndoohtedly now the moat widely 
wad Ugh aiploalvo for mtlUaiy pntpoaea under the 
aUMa of TiUoIo,” ‘TroUte,” rTritol," 'Tri- 

and •rr.KT,,” eceordlng to the nation using It. 
aa U to caned ta Urn Brittoh Bervtoa ho 



Facts Relating to Their Ctimiwsition 
By W. Maomvb 

attained lie ikmIUuu by virtue of Us merllM. It is used 
In n stato at great tnirily; It Is chcmhally slHblo and 
wltluiut action on metalM. It In nuaffeded by water, 
nnd can lie fused and ran Into shellM In Ihe luolten state. 
It Is less sensitive lo shock then picric urid. Hard 
blocks of snltable else and slisiie are mvensl by electro¬ 
plating them with a coating of copiMir, which prevenU 
the blocks from being broken and having thrir edges 
chipped. In this form “T.N.T." Is naed for demollahlng 
bridges, etc. AlUiough not iiulto so isiwerful as plrrlc 
add, Its other advantages make it nt present iierhaiw 
the best available exploalve for military use. 

Tho destructive effect of an explosion Is caused by 
the almost Instajitanoous couTcnilon of the aolid ex¬ 
plosive Into gases, at s very high teniiierainre, with 
consequent sudden exerliou of uu eiHirmuuM premure. 
From Ihe purely dlsniptlve point of view, the eompo- 
altlou of the gas produced Is not uecrsMarlly of Imimr- 
tsuce, the determining factors being tbe rnliimn of gna, 
the beat prodneed, and tbe velodty of detonatloa 
When, however, an exphadon takes place In a confined 
apace, iben. In addition to the dlarniHIve or alialtcrlng 
damage, the components of tbe gas produced nia.v have 
an Injurious effect on anyone having to lircathe It. 

In the case of explosives for use In civil life, as In 
mining work, care Is takon by adjustliig the composi¬ 
tion of tbe explosive Ihst the gaacs prodneod ahnil not 
have a deleterious effect on the miner. In military 
operattons this constderstlon dors not arise; Indeed, It 
may bo maintained the more deadly the effect of tho 
fumea Ihe batter. 

Merle add and "T.N.T." are definite cbemleol IkmIIch, 
bnt owing to InsufflcleDcy of oxygon am not completely 
ciiuverled Into gas on explosion, a conalderolilc amount 
of carbon being net free. This sccounts for the black 
smoke which la seen when these bodies arc exploded. 

In the earlier detennlnatlona, when expluslvca which 
contained Insufflrtont oxygen for complete oxidation of 
tho carbon and hydrogen were fired In a closed bomb, 
and the resnIUng gas snelyxed. It was found that Its 
composition was sffocled by the density of loading. The 
higher the dejially of loading the higher the pressnre. 
accompanied by Increaae of carbonic erld and decrease 
of carbonic oxide. Methane, which was absent or only 
In very small qaanHUei at low densities of loading. 
Increased steadily oa tha preMorc Increased. It was. 
however, recognised that the compisdUon of ihe gas so 
fonnd did not nsnessartly represent tbe compnsltlnn at 
the moment of exploalon, for the anslynls was made 
some time after and when Ihe gas bad cooled. Cnnso- 
fluently TNCtloiia had probably been taking place dur¬ 
ing the proeem of ooollng. Finally, It was thonght that 
the formation of methane was not a real resnll of ex¬ 
plosion, bnt was doe to secondary reactions during the 
eooHng atoga. The esperinenUI dlfflcultlea of catching 
and fixing the gnsee at tbe moment of ezpkielon were 
overoome bff defowtlng tbe exploelve in Its own volmw 


and Action 


In a lead or porcelain bomb placed lasldc a largor evac¬ 
uated steel bomb. The explosive had In this way lo do 
work In burating the smaller bomb, and the rapidity of 
cooling of the gas was thus so greatly Increased that 
Nccondary reactions practically did not take place. 
M'heu fired under these conditions, which correspond 
cliwely to those whlrb exist when a abell explodes, tbe 
gases from ammonal, picric acid, aud "TJST." were 
fimiid to coulaln only amall cioantltlea of metiutue. In 
addition to carbonic add, nitrogen, and hydrogen, am¬ 
monal contained about 24 per cent, and picric add and 
"T.N T." nearly 00 per cent of tbe poisonous carbonic 
oxide. It U thUH evident that where ahells lajrst In 
eoDflued specoa. In addition to tbe damage cansed me¬ 
chanically, tlicMo perwiiiN breathing the fnmm may be 
fniBlIy iiolHoued nr seriously rffeded physiologically. 

It hns been Hiiggcsled lhal the Ingredlmits of shell 
charges may cnulaln deadly itolaous, hut It seems Im¬ 
probable that nuy polsou lutcutloually added to the coo- 
tents of n shell would rctnin Us toxic properties aftor 
the shock and heat of explosion. As seen alfove, the 
gases tmiii the explosives now In use may be sufltolently 
IHjlsonuus under cerUlu coudltiona. 

Tbe subject iif cxplnslviw seems iirien to create n state 
uf creilullly, and to generule extravagance nf statement 
on the imrt of Ibe niiu-pziwrt writer rarely effected by 
iilbpr nutters. The unknown anmellmes becomes truly 
appalling under hts Imagliiatlve pen. Even Inventors 
have been known lo make wild slntemenls In regard to 
their rx]i1oslreN! Ono ahould only accept with very 
many grains of salt the seiiHatlonal statements which 
have Hppeaml In some (iiiartcrs ns lo tho weird and 
deadly effecta of rerently Invented explosives. It Is 
well, Ibcrefnre, not lo hsve exaggerated Ideas of the 
imwcr Iff explosives or lo lie unduly scaml by the 
threat of evplnslvea dniiqied from /ie|i|s>1liiH. The do- 
Htrncllve elleel of Ihe large cliargcs which ciin be fired 
from the huge howllxcrs used In the present war Is 
IcriiblA. lint explosives have their llmlta. 

While without doubt Ibe damage done bs'slly fnim 
the explosion of a largo quantity of any explosive which 
might lie dropped by ii /.eiitielln would lie appalling 
enongh, yet. Judging fnim tho effects of the accidental 
explosion of a couple of tons of nitroglycerine during 
monnfkctaro. Its area would be comparatively ro- 
stricted, and the horrlfj'lng suggcsllotm mooted of the 
coming total destrnctlon of cities by explosives droppeil 
from the sky may be ascribod to the Imagination of (he 
over-credulona. _ 

Winter Wlreleoa News Servlee to the Magdalen 
Islandt,—These islands lie In the middle of the Gulf 
nf Ht fsiwrence, nnd the inhabitants hare no mall, and 
hence no newspapers, during the winter ’ Aivordlngly 
the ranadlan governmi-nt la sending a wireless dlspnteh 
of NflO words woekly to the clergy of the Island, giv¬ 
ing the latest news of the war and oilier events, to be 
e nmm u nka tod to the totonden on Sundays. 










SaENTIFIC MffinCAN SUPFLEHENT Nai»d 


Training for the Municipal Service* 

How Public Business is Conducted Efficiently and Without Waste in German Cities 


iiUTve and Indintry." Hui-li waa tlia wah-hword which 
i'rown Frluce FrltHlrlch gavu to Oennan; at the In¬ 
auguration of tlw Minruui for Ituluatrlal Art In Be^ 
lln the day after the treaty »t Krankfiwt, cloalog the 
Ifranco-rruaalan war.* And Ocruiany Iiaa wuiquon-d In 
vommerce end Induatry. Ono reawai fnr thli caiuiuMt 
In that her achoola have adoplMl In effect the ataiKlanln 
recently act by the South Oeman Bducallonal Con- 
ui-eaa; ‘The atnti- iiiuat aim at tho diuiluutlon of 
iianmon-lnl waate by luaurlug that nil uccuimtlona, how- 
OMT mean, aball Iw practiced by inen who hare boi'n 
trained to do their work aclontlllcally.'’ After dlnilo- 
lahlng waate In the occupntlona, derman efflclency la 
DOW doing away with waate In the pnbllc'a btwIneM due 
to Inadequately trained and Improperly equipped public 
oitirlahi and employaa. 

Four factor! may he aingled out aa being reaponalble 
for the tendency toward inatalned and thorough, yet 
epecinllaed and practical, preparation for municipal 
aerrice In Oermany. 

The Brat of tbeiie la the rapid rlae In urban popula- 
tloon. In ten yeara the popnlatlon of citlee of over 
UK),000 Increaaed BO per cent Half of the Oerman 
pu|ailatlon are now urban realdenta. Thia enormoiia 
Incroaae In urban laipulatloua nieana an locnwaae In 
imbllc fonctliais aiauined by city govemmenta many 
tlmee greeter tban tlie Increaee In population. Tbla 
IfKTMie In public fnnctlona reqiilrea effldency and train¬ 
ing of public employea. 

rreparatli II tor governmental poaltlona In tba itata 
liaa been pr.ivided fnr In tbe atate nnlveraltlea. Tbetw 
Initltutlona nre nniler the doinlnatlnn of prnitlrally Ibe 
aamo granp of oflIclalH that control the atate edinlnla- 
tnthHi. Tliua, while atnte tmaltlniia are amply pre- 
IMivd for, nl leant In cortnln of the uiilveraltlen, tbongb 
Uermon iinireniltlea, like many American unlvereltlea, 
luive been nil too alow In adding enuraea In tlio political, 
aia-lal and economic aclcncca, adeciuaie In praimritloii 
for tlie lilglieat public poaltloua, Ibeao atate loaittntinna 
do not tend to give the apectallantlon and tbe nmplinila 
uiKin mimlclpel aerrice demanded by urban iii>edi*. Tbla 
Inadoqnale training of municipal offlolala and employea, 
with Ita nceompanylng lack of pmiwr apeetallaalloii 
and praia'r udnptatlon, enuaed a demand for liK-al In- 
atltntlon! I bat would offer tbe tralnlug neceaMry and 
adequate for lunnlelpal employee. Thie la the aecond 
feeior tending toward the ereutlon of municipal cvil- 
legna for tlie preparation fur municipal aervica In 
Oermany. 

The hurgomelater and tbe (Mid eriiert advlaera In the 
maglalrat were, na a rule, wall trained at tho itnto In- 
atltiilloiia. Hut no apeelal training wni proTld<>d for 
llte great rank and file of city cmployeit the elBcleiMy 
of nlmiii, after all, decldea tbe tklll and utility with 
which the taxiHiyer'a money Is epent. Tbe need tor 
training well every municipal employee, no that there 
will bo no hwt motion tbraiigh Inadequate preparation 
for pnalHona, |a the third factor leading toward ade¬ 
quate public training for public aorvlce In Oermany. 

Tlie fourth fnctor lien Id the fact that public servlcv 
la a recognliol pmfeaalnn of dignity and pannnnence 
In tenure. Tbe oft-repented aanertlon that there are 
an iiolllles In flermnn city poallinnn In far from acen- 
rate, fnr In many citlea an avowed member of tbe 
aoclal democratic party could never be ratifled for a 
leading city position no matter what bis wnrtb, while 
0 eonnervntive of tbe landed gentry point of view 
wonid be ratifled no matter bow Incomplete bln pri|M- 
ratlon. Hnt In Germany the prorlndallam clianc- 
lerlatle of so mnny American dtleo, which brands ox- 
lierto from other citlea or atatoa an “ontoldeni" or 
“allena,” ilnila no place. The remit la that a public 
employe with adequnte niiallflcatlonB, who Bnda hba- 
self blocked In one dty becauae of bla party afflllatloni, 
can look toward omployment In otber citlea A poaltlon 
once secured, a tenure tor life or tor a term of IS or 
years, Is amnred, tollowed by a pension st the end 
of service. Moreover, promotion Is made from dty to 
dty, m> that there Is no limit to the acommle retoras 


By Clyde Lyndon King* 

snd mclal pcastiga of tbe public oOclal of oompetenca 
and Bklll. Blvm the bargomelster snd all the leading 
exiiert advisers In tbe magbrtnit sre ehoaeu at will from 
other citlea Tbe salary, moreover, to adeqnato to 
attract tfaa beat tatoot, and tncreaaea In ramnnwratlon 
follow at opadfle lutervabi. The national tows fre¬ 
quently provids that MKioIntoea to cortaln poaltloni 
shall have stated pr«)fesdoDBl quallflcatlona, but all 
examlnatlonB an qualifying and not competltlva The 
Htnto examluatluua merely detcmilne oHgthltHy and 
within tbe largo Ibit of ellgiblea the maglotrat baa ftill 
dtorretlon In ehooaing ollldato.* Probatloanry portoda 
of service, promotion on tho reenmmaniUtton of anpar- 
lor offleem, with due regard to merit and experience, 
security of tenure, protection agalnat arbitrary die 
missal, cxduston of dvic employao and oflldals from 
all partldiMlhin In election campaigns, all tliese foa- 
tureo of Amerlran dvll nervico find a place In tho Oer- 
nuin system. Rut the arbitrary provisions duinirtsrla- 
llc of American civil nervice, such aa that the aiipolnt- 
lug ofliclal to limited In his choice to the there highest, 
Hnda no plate In the German rfglme. Tho rasnlt to 
freedom of choice by nn employing offldsi who must 
have the best talent and get the beet rcaults within hto 
cxpendlturee, for presenre of tbe tax to aa keenly felt 
In Oerman dUns ai In American dtlea. 

Tbe flflh fador making for tbe Inculcation of dB- 
clency prlnclplea In the German mnnldpal service to 
the fact that tbe greet public ntllltlre such as file street 
nillwnya, gas and rail waterways, are publicly owned 
and operatetl. Tbls means that not only tbe beat pay¬ 
ing (swltlons, but alao the pnsltkma carrying with them 
Hucinl prestige lud honor, ore within the gift of the 
stale rather than In the power of private corporatlnim. 
The youth of catwdty and training turns, therefore, hy 
lireforanc* to the public aervlce. 

Tlie technical training rennlred for the municipal ex¬ 
iiert In Germany Is nsnally afforded by some branch 
of tho regular educational ayatem.* 

In tbe flrat place, there nre tlw great taclintcal uni- 
uTBltles everywhere ninintaliied by tbe Individual 
stales. In which tochnical training of tbe moat daflnite 
and spedfle kind can be obtained tor either public or 
private expert work. At the present time then are 
eleven great sdentifle nnlvendHeii, the organlnMoo of 
wlilch to under the eontrol of the several statee of the 
German empira Tho regulation of indnatrlaa, how¬ 
ever. Is within the Jnrtodlctlon of Imperial tows wUrh 
have eatahliahcd nation-wide atandarda aa to certain 
lechnicnl experts. These laws, tor Instance, prescribe 
the qiinllflcallona of peraons who wish to carry on 
pnrilmlnr Indnstrlcs, prescribe the powers and dnUes 
of lh<‘ gidliK and require workers to attend contlnna- 
tloii schesds where such eehools exist The Ilcemdng of 
ci'rtntii occupaHons to under Imperial control and at- 
leiidaiice at some teebnlcal achoola to practically neocs- 
sary for thisw who wtoh to paaa the teqnlrod state 
examinations. 

Below the highest technical InatItntlonB are two 
grades of machine trade or mechanical engiaoering 
achoola,' those providing for the training of ongtneora, 
coiurtructora foremen, machine draftomen, etc., and 
thnae of i lower grade which train mocblntoto, meeban- 
Ical draftanen and technical nlBdato of middle rank 
and others preparing tor poslttoas that rsqnlra m tana 
highly developed technical ability. To both tbooo 
(dasoes of achooto are oftan iddsd Bundoy and troalng 
contses, open to worfemoq who cannot allM to give up 
worh entirely and attend oebool. 

Rut general eefaool tratnlng can not nuike the MBclent 
employee. Then are at toast two other ptereq uM toa. 


pertaa cntirvly by the Itato, and (•) tbese ter wkM private 
enrpsntloss foralab a sksrs ef ns cost; sad (b) toeal eem- 
msiilty tostinttoaa ritber pars cemaioBlto laslftsUeas or 
tbosa to which rittor tbe Rtots or leesi ersMlmtleae eos- 
tribot*. neie Is a third dess ef laamotlea, eapptttod by 
■•soriaUoM Bod eatoao, wUab to est mnlM w fir poto, hot 


tioB tor i d ert sriss briag toa ss^ lWH a oMhe six pwiW 
eenss to the acadsirit esreadsty Khsel. ItgrilMt wMh |M 
Heel wort to shop or ttstotp tog e.pwM dC tm to OMto 


Tbd flrst to vdcUic prdporatlaa of a kl»d that eeuM 
not be expected to^a gtiieral unlvarotty, and tlia sseoBd 
to partlcnUr training for tbooe who ore em^iqrad dml 
afBclato In municipal eervlce. Th moot ttaane twn needa 
a number of strictly mnnlolpal lastltutieos hava qmnig 
np In Oenaany. Tbeae schools tochida tho gptootol 
training achooto tor omployee of oortmln dsparimeata, 
such OB Uw training oebool tor pnllcanian and the eot- 
lege of town planning In Borlln. 

A dtllalto movement for local munlcliial ooIligH Is M 
toot In Hsmbnig, Franktort-on-Msln, Cotogue, Drasdsn 
snd Pusan, end tho mBall towns of AMdort, Mrillenbarg 
snd Hdmetedt all three of which bad their own onl- 
venltton In the peat and want them ranawed. 

Cologne bos opened an academy wbooo pnrpoao It m 
to reiono monldpal govoramant from acattomieBlIy 
trained doeton of law. Tba corrlcnlnm Inchidas doA- 
nlto Instruction In sndsl poliUcn to bmisliic and land 
nneetlone. In tho labor probtom. In rntmldpal Uw. In 
mnnldpal taxation and flnance, to pnbllc clnurlty.'^tt 
care for chlMrrn. In statistics. In school law. 

Tho work and tnncthmB of theoe new unlvonlttoa can 
best be exprisanl by a apeelal study of tvro of Uwn 
rather than goneralliod emnment on all of tbmn. ITor 
tbla purpoan are cboaca the Akadamie for kommunale 
Verwalhmg in Rflsioldorf and the Sltete Preosel e dte 
Vcrwaltnngn-Bemlnar an Ascberaleben. 

Tbe porpoee of the academy tor mooldpal adudnle- 
tratlon In Dflaeeldorf, opened tor work to tbe antmaa 
of IBll, to to strengthen and broaden tbe knowtodge of 
and to ofllsr a adenHflc and practical tnlalBg to nran^ 
cipal umdato, and to give hiMliMseUkab edentUlc and 
practical edneathm to pereona latsndlng m miUr tbe 
miinUipal aervlra. A survey of tbe eouraea offend and 
the metboda employed Indicetca that the 
primarily sit Instltothm for the further tralmPp^iiP 
higher mnnldpel oOcUle. 

The roursw offered Inclnde the following snhleOTV' 
nights of foxes; coMtltnUonal rights; govenunenfol 
rights; the police power; social queetlona; idiool and 
sanitary admlolatratlon and legtototinn; Inanrance taw; 
flnance; economics; political science; sociology; tbs 
resources of tbe country; netlonal economy; tbe lawful 
rights of government; the orgnntoatloa of city, stale 
and nation; eflldsncy In government; tbe adence of 
flnance; money and banking; municipal ntllltlae; statto- 
tin; building repilatlona ami admtototratkm; the cnltl- 
ration of proaparity and of reflncmciit; tbe leber qnee- 
tion; relief of tbe poor; buslneea law; practlcil work to 
nilmlnlftratlve law; mnnldpal finance, ceoitltiitleaal 
law; Uxetlon tow, criminal law and prooednni the 
lioor lew; tba eelenoe of work to buetocaa; labor milo) 
laws and tbeir totorpretotion; criminology, and book¬ 
keeping. 

Tho analytlcnl, practical and tborongb chanetar of 
the conraea offend may be glaaned from tbo content of 
setoctod conriee. Tbna tbe conrao In tbe adence of tow 
Inclndee tbo tonndatlon prtadples aa to the righto at 
dtlseni and tbe rights of odidato; porebasso, totonn 
deads and thair cbanetoristics; todemnlty oUlgarions 
of tbo oofamunlty; saralags and tows of prapettfos: 
real estate tow, rl^ Of mertgagee. the aatborlty iff 
parento oiffl tbo power of tbe raspect l to gnrmiiijiran 
aa gnardlans; the rigbti of aesodatlona and of hoalasss; 
commerdal tow; the foundation prtodplea oe to itota, 
ratal and dty adnttatotratlve tow; tbe eonatltntiaa of 
tbe stats of Prossto, the Imperial coasUtattoo, ^ 
righto of admtototraUvo orfians iff goTe rm pMl , tbo 
pdlce povrw and the griieral position of the poltoe^ ito 
cladtof the eiftty and eanitaiy police. The oouiue In 
taxation tow taeindra dieetplona of tho variqua ktadi 
of tnxM, eoeh ae protsimHial and qeonpatkm takfot 
eoaomtoos: beer, dog, aarampaoBt and^totlrir lirflreat 
fMpnU taxra; douUo tax«Uon: Oo laenaea ia tuag 
and tbo vatae toereot; tbo cdatlon batwsMii oHy, dim 
Met and pfovtoctol toxei. InaoraiK* law toelg^vg 
htatory at pablte toeonnos, tho datalto eg to ekk. neei- 
dent end toralM toeiiceae% tbe ratotton ef tbe bmand. 
to each other. The oavae to etotfotiei tatfodto dtoM 
riaBeoa to the aatoto ef atotletkto etoMWoal raHtifc. 
teebulqM to fiNSSRt^ etottotlcto Ibe prtg^ 
of g n ve rwmtoitit etoflettog, efo. Tbafipgbgnliiff tpaag 

to tbe pgptouttaa q( pnpmtiW'nd ne dtotoiitgaHtii 4ff 
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tkMd pfogcuuM Cor MMrtia npniBtef. In Ikt 
«Mrnn wnMln to pun wAtor tor th« «lto nn glTtn 
OHqtoto itolockml dato. In ahort, tlw toWM* ta- 
oMa mlnato, niinbla, Owroiigtfoliig lnv«rtl|atl«H Into 
On tagil, wctal. ooDPomto. poUtka.l, Indiwtrlal and 
mu gtologloal rnnllMtloiM the mnntelpal offldaJ'a 
tfaUto and raqxMMlbUlttan 

Qatto In oontrato to tha DttneMorf acadomj, wblcb 
tmtoa prlBUrily tba blgbar olllolali, la dw Bamliiafr 
tor Fttlto OOdala at Aaefaendetiett which oSem a one 
l«ar cmiiM ptaiiarliif prlmarllr for the qna r«ar pro- 
battoapif awrlee hp the middle and lower ctoiaea of 
pnbUo emplareii, and for promotion from one grade 
at aervlco to a higher grade of aenrlce. The doratlon 
of the fooiae la <me r«ar. Tbo Inatltotkni U ndmln- 
lato red tqr the maglattmt of the dtj of Aacbemlobeti. 
The cMiraen offered iBdade JnrlapnidMice, admlnlatra- 
tlre law, the eolenee of taxatloa, political econnm;, 
aortal admfatlatratlon, tho admlnlatratlTo nmrta, the 
bndgat, the tranaarp, aooonnttng. bonkkooping, itenog- 
raphTt tjrpewrttliiK arKhmetlc and ttorman. Tlie atu- 
daot la drilled ao that he tain Irant op and nndentand 
the dertaloiiB of the clrll and admIolatratiTe coarta. 
Jhe Inatmctora ate employed taaeben and the paUlc 
4^-lnhi of the city Of Aachemlehaa. 

" The need tor fnitbM- apedallied training In America 
to to be mananred by tba extant to which exiettiig edo* 
nittooal hutUntlona are meeting tba rapidly rtoing 
dmad tor welltrahied pablle oOcUIa who can lorti 
to permanao^ In the pnblle aerrlce. The rapid adop- 
tlon of oommMiHt gOTonifflent ao that today It to 
applied In SM dtilt with a populatloa of 7,ffi»4W7, the 
ad^on of the dty nmmiger plan of dty goTonunadt 
In 13 dta with a popnlatlon of 00.010, the riae In the 
demawf for aanltaiy expert!, for engineering experta, 
for oxpM In marketlog, In pure toode, In accoontliig. 
In taxation onertlona, and In the other Adda of expert 
aerriee In dty, itate and nattonal life, the Increaae 
In the mnnldpal ownerafalp of pnblle utllltlea, all tbeao 
mean a rapid Inereaae In the actual number of ex|«rta 
4n the public aerrico which In torn muat mean greater 
||M|neoey and better training tor the pablle aervice. 
;^H^^Tariltlen of oor country are already doing a 
dptoMp-worit to ptorldlng tor tbo pablle aerrlce. A 
laigp Bmnbar of atate adentlflc boraana are toeatod at 
the gnlraraltloab aoch ta pobllc health Uboratnrioa at 
to# Onlreraltlea of Wloconaln and North Dakota, ex- 
Btathma In agronomy and animal huabandry, 
ddB^MdMndry, bortlcultoro and botany, aoch aa In tha 
Dnltoraltr of Illtnoto, experlmoot atattona la engineer¬ 
ing, aoch aa In tbo llolrerolty of Mlaaouri, and totting 
hrmnna, each ai tbooe at the TTnireralty of OincInnnlL 


In tba unlrenKlea of Wlaconaln, Oregon, Texas, Waab- 
Ington, Calltornto, Harrgrd and Cincinnati are leglalatirc 
retorence bnraann which collect and compile liitomiatlon 
on matten pertaining to nranldpal toglalntlnn, public 
worka, flnanoe. lanitntlon, edacatton, blblhigraphlaa, 
end atatnte-maklng and Interpretation. Thnnigh the 
acttrltlea of tbo Committee on Practical Training ap¬ 
pointed by the Amorican Bkonomlc and Polltlcnl Hcloncc 
AMoriattonn our nnlvaraltlea are beginning to roiike no 
oxtendad nee of tbo ngooeleo tor practical training avail¬ 
able on every band, eiich rb the practical work by 
graduate and weH-rquIpped undotgradante itudenta In 
tax, ralltDad and Indnatrtol commlaslona, tnvoetignting 
boarda, atate boarda of public affalra, city dopartmonto, 
boarda of health, flnance connnlaaloaa, bnraani of raunl- 
rtpal reaearrti and tbo different federal agenrt«e In 
Waalilngton. Thane laboratoriee are being and can be 
made, to an Increaalng extent, of na doflulte valne to 
tba atodenta In poUtlca, aranomlco and aortology aa the 
toilond i dty aqnippad aetoatUc labontoriea In tba nnl- 
vto ntty boBdlngn All of the vnriona nnlvonrtton now 
offOr connea In eeastitottonal tow, In municipal govoru- 
iQWt and nlltod sabjeeta. Unlveralty fareiltica are be- 
Ing’sHad on e gteoal valy tor-praetlcai work. 

Tha DalvaraHy ot Taxni^ wfth n largo number of 
aaull cMaa reud kbont, thongh-frith no large mnni- 
otonl InbomtortoB nt hand, web na are available In 
tea largaat cttai^ ta plt^ng tor n departmant In mnnl- 


Tba Dntvwralty of Pltttoracgh to maktog a apodal affort 
to ba of awlea to tbe commonwaaltb and to tha eom- 
nnintty, aapadally In ||a School of Koooomics which 
provldM, tbrongfa Its departmenta of government and 
rtttoenatalp, an Intimate imdentaadlng of the rigtata, 
dutlee and raapomlblllttoa of dttoenablp and of tbe 
fnnctlone and activltiet of government, mnnicipni. toate 
and fCdereL Btodenta 0)t ^lectol training for public 
aerrico In commtoalonf and admlntotratlva burcana of 
va Fiona typaa, and In aoch aoml-publlc organliattona 
aa trada and publicity organliatloni, bnraaua of munl- 
dpol and nodal raaearcta, and other civic and commer¬ 
cial bodton. In tbe llnlvenlty of Pennoylvanla. ato- 
denta In certain couraco, aoch aa tbe cunrao In muni¬ 
cipal gsveniment, have been and are being unalgneil 
doAnIte practical problema to be worked out through 
the varkme public bnraena, departmenta and pnblli- 
utBclata In tba city. Tlie Unlveralty of Utah nndertnkea 
to dtaaamlnito tbrongh printed bnlletina Information 
that will be of aervlco to tbo atate.* Tbe Unlveralty 
of Olurtnnatl te a lairely mudclpal lualltatlon which la 
rditlng Itaeir In every way pooelblo to tbo actnal prnh- 
lema of tbe community and of tho atate. Thns In tbo 
deiiartiiieiit of rhemlatry of the ciiginoering college la 
llw bureau of dty toeta which anolyaea, examinee and 
eotlmatea tbe valne of all nutniala aubinltted by the 
niiinlcliml eugliieer or the purchaaing agent of the dty. 
Tite department of aortal adenco coOporatca In aiwial 
aervice with pnblle inotltuttona, eneb aa the Jorenlle 
court, In Invcatlgatlona, aervice, etc. The departmenl 
of laycbology haa been conducting nme Intereotlng 
work throughout tbo yean peat In regard to backward 
and d«A«‘lent children in tbe achonla. In thia way Ita 
work to linked deAnltely with public eclanl vrork. Thi> 
prnfenaor In charge of tlw department of political acl- 
ence la alao In charge of the mnnldpal reference bnreiin 
at the city liall. which oollecta Information, mnkea In- 
veatlgatlona and ropnrta fnr the rtly. Tbe college of 
modidno coOperatca witb tho dt.T hnaidtal, rontagliiua 
warde, the vartona cllnlca, etc. The engliioorlng college 
codperatea with tbe city engineering, wnterworka. etretd, 
tewer and bridge departmental. In codporatlve teaching, 
teating, report! and reoeareh work. The college of 
commerce codperatee with the bank* of Cincinnati, 
thnogb their committee, in collecting atatlatlra and re¬ 
ports. In addition to tbia there to deAnIte aervice by 
tho Individnal profeaenra. Stndenta of anch an Inetltii- 
tion ncceaearlty got both the atmnaphere and the |ioal- 
live knowledge of great valne In their later aervice for 
the public. Space forblda the enumeration of other 
work hi othw Inatltutlona. Oor collegen and unlveral- 
tlea arc thoa doing much toward practical training for 
the public aervice. 

ThtaUag Asliub' 

About ton yean ago it bucamo known that ''('Icvur 
Hnna,” an Areb atallhm owned by a Herr von Otton in 
Berihi, woB able to anawor artthmeUnnl and other quea- 
tiont, tapping out tbo ropiy with hto fonvfoot. Notorioly 
lad to heated oontroveny, and the appototment of eom- 
mlttoco to inveetigato. Tho aeeond of theae, under Prof. 
Stnmpf, reiultod in PTungrt'a book oxiiUning everything 
in tarma of aignala nmalBting In alight movementa niodii 
nnoonicioualy by oome penon pro a e nt knowing the an- 
iwer. Thia aenined to have aolved the problem Anally 
until the appearance of Kiall'a bonk in Ift13. The aullmr, 
a wealthy Jcweltr of Klberfeld muI friend' of von Oaten, 
had after the latter'a death nontinued to experiment, ob¬ 
taining rwiulta which, he rtaimed, refuted Pfunget'a ex- 
ptanation. TUi otoim found aupport in a report aigniMl 
by the toologtota, Kraemer, Bara^ and Klegirr, aaaert- 
Ing that aignaling waa excluded ainne ctorreet anawnra 
wore given oven whim none of tbe human partieipanta 
waa vtolble to tho animal. Tho opiuiona exprvaaed on 
Knll'i book vary from that of Prof. Dfxler-"a ahameful 
blot on Oermnn lltereturo.” to that of i’rof. Oatwald, who 
foteoea that ft will “aa clearly mark the beginning of a 
new ehapter in the doetrino of man’M plaoo in nature aa 
Darwin'a chief work did in ita day.” 


ritwl ndmlntotntlaiL Now Tort Unlvaratty bna a dlvl- •■ome of tii 
toot Of. PBUie sAtoln orgniged In lOli The plana ut the foiiown 
tortbfadHntontootodonoeoraotorgrndiiateatu.lonta aau miintoam 
vid gfmis^ an oMiortoqlty to oc*»doct origlaal 

-■L a.-a. 1^ mniklhtai^t gi iiitoMi I Twitop Tha ^ 

« nTOapii i^winvT moor m 
itanotlMii BrtniRir.oeiltoiMtfiT of-tbe dlrialon, but 

tlw'ijhm^ nf‘laMiliotloa and of pormanont inii). 
toiaMth of M Of tho olty of New _(W "Prtiw < 

Ttoth ■ ^ • (4r!?5a m 

gMM -td ofbiiNiirhl^.V^ gred^tn ttodreto. ..hh. atoPto 
ttaSrldito. fHw nuMeniM of tore-or more stu- 

S :■ ,thS^- and cina. , 


•■one «f theae bulletliu rNrotlir timed laclade dleraulon 
! the followlig euhieeti; Tecti of brink; the coBatnirtloa 
Ml miloltoaiice of eai^ teaOe; tbe ecoaemlcal deelgB of 
riaforeed voarawv; aieamrtmeat of aowliis atreono. 

■(1) -Dot Ptard dee Becre v. OMen (Dor kbise Haoa)." Vy O. 

hia^ (Usdto; J. A. Bank, imd- 

(g) “DtohretoTlero." BylLbriL (ledpato: W. Btaatoina. 


Pngna. voL laB.. U14. 
Mt" By Dr. I. T. Uadi 
t, ItU). 


totofc dee ito. 


Aa to tba problem Itoelf, a dsAnlto nlntion oonld n- 
iult only from a free and impartial teating of tho anl- 
mali; aa h to ono imn only indioato prnbabilitiea. In¬ 
tentional deoeit ia almoat certainly too aimple an ex- 
pUnathin, and ia in wy cooe Inadequato. On the other 
hand, the probabflity of abtaining nonoct aiuwera Ity 
chnnoe haa been undeieatimBtod In viaw of the number 
of uuniooemfnl nttompta and the greater froqueney with 
which eertain numhen oenur. Very much muat be al¬ 
lowed for thia and other weakneaMa of toatimony, tho 
demonitiation of which haa been one of the aneoeaaeo of 
applied paynhokigy, but which, aa every newapaper now 
ehoWB, are aeldom given weight in pnotiee. pai^ 

ticularly affect aume at Icoat of the would-be crucial teota. 
Kevertbeleaa much rnmaina, of whloh the following main 
Hxplanationt have been offered. 

The anawon are ovidenoe of mathematioal intolli- 
genee. Thia, although a highly developed “number- 
wmw” baa been found in poraoD! of low general ability, 
and even in tho feeble-minded, conAicta with oil that we 
knuwfrnmotheraoureeaabouttheanimaluiiiid. Detail¬ 
ed aerutiny of Krall'a aeoount of bla teaching ahowi that 
the problem often coidd not have been undmtood from 
Ilia oxpoaition. Again, tbe coirenting of a alngic falae 
Agure it done quickly and certainly, aa might bo expeotod 
if aignala were being given, alnoo Ihoac would bo faefll- 
tatod by onneoniration of the aigntlir’a attention; if 
the errora are mlatakea of calculation it to odd. Iln^y, 
the inability of the anlmala to prove their nndenUnding 
by action, compared with their eloquenoe in the language 
of tape, to extremely auaptdona. 

Tho anawora are dne to momory. The horM'a monary 
ia, no doubt, excellent for aome thlnga, and the theory haa 
advantagee, but alao aoriona dlfflmiltica. To aaaonlata 
eight tape vrith one aymbol and nine with another, the 
horae muat be able to dtotingulah tho two oerlea. But it 
•oema probable that Mstmala cannot dtoUngoiah numbera 
latyond four or Ave. Ruthe trained hto dog to came only 
at the Afth whittle—but thia only If the whtotlea were at 
regular Interval!: hto horae would take four lumpa of 
sugar In preferenou to three, bnt eonfnaed four and Ave. 
Again, the hotw'a eye, while very sensitive to movement, 
ia probably uniuilod to tho clear peroepthm of onmplex 
rimial tormi aneh as written numbera, and, aa a matter 
of fact, the animala seem to attend to the queatioiMr more 
than to tho blaokboud. finidly. tbe mtotakm in oufao 
root, etc., queaUona atrongly auggwt the use of tipo. 

The animato are reeponding to unconaeioua aignala. 
Krall elaima to have rnrut«>d tbto by “ignorant" experi- 
numla, but theae ore relatively few and seem to have 
Bnmn weak apol. Thus Maokemrie roporto that Rolf, 
tbe Mannheim dog, doaoribed a pictan on a card brtd 
HO that the holder could not see it; unfortunately, the 
pioturn WBR a red and blue oroae, and there Is reaoon to 
think that doga are nearly eokn^blind. Neverthelem, 
the fair number of “peep-hole” experimenta and tho eaae 
of the blind horse, Berio, seem to stomp at inadequate 
Pfungat'a theory of rtituoUy ptreoived movanunta. Yet 
no other mode of signal senina suffleient fnr all eases, while 
Hacker did aetuslly get answers by moving his foot. 
Again, it is unlikely that tlie many liidividulaa who have 
obUined answer* ahould all make prrelaely tho mmo 
uncnnaciouH moviimenta. These difaeulUos dtoappaar If 
wii suppose tho animals not to be blindly rcooting to one 
spswiHn stimulus, but to he interpreting more or lem in- 
teUlgi-ntly a general type of uncoDseions emotional ideo¬ 
motor expression—movement, variation of respiration, 
etc.—possibly always complex and varying with the in¬ 
dividual and nnnaaion. Both hnrsea and doga are notori¬ 
ously sensilivD to sliadus of emotional oxpreasinn, and 
recent work hy the Pawlow tuhool indicate that doga 
can hi«r Bounds ao faint aa the beating of the heart. It 
to true, any Ihoory of nneontoioua aignaling preoenta 
dilfioultiea. Unite, tena, eto. an tapped with diffemt 
feet; tbe apoUing of verbal inaweri to pbonotio, and spon- 
laaeoas utterenoea ore reoorded, including n letter dhy 
toted by RoHI Can tbe tnbconioiauB be mditod vrith 
Ml muohf The solution. If it ever oomes, can aeomoly 
fail to illuminate, if not the utaimal mind, at leoal that 
Ilf man.—From Afolare. 

A MUHary WIrelen Oalfit 

WiRKuaiB cornmnnlcallon ia destined to piny an Im¬ 
portant part In warfare, aud iindnubtedly la doing ao 
to-day, altbongh comparatively little to beard of It ao 
tar. In this eonntiy the Signal Corps of (be Army baa 
recently acquired an nnnsntlly complete ptirtable wire¬ 
less ontAt which la beUeved to be the moot poworfiil of 
Its kind. The appsrehu In monnted on a motorenr 
chniada and can be aet np complate and In operating 
condition in ta ihort n Umo aa twelve mlnutea. Viuler 
tarorable eondltioiia, tbe appentna has a aeinlliig 
radluR of np to HOO milea. Meamtim from lailnts i‘..’k!i 
mltoa dtstant have been received. The generator nhli-li 
fnrntohee the current la driven by tbe same motor that 
pnipela tho vehicle. Antenna of the nmbn-lln tyis- nrv 
used, Ibe nnat, wltlrti la In nine aectlonH, ls>liig x.'l f«.t 
liihol^ . 




A Genua ScM ontf t far X>rmy tnata na U 


X-Ray Work in War 


Developments in Practical Applications as Now Used in the FieUl and in Hospitals 


By liio Berlin Cnrreapondent of the Seicntitic American 


THoudu X-ray aurk lum, iiv«ii In iiornml tlmea, b*- 
cuiue wt raliiablu iiii aid to IIm> mMllcal pncUtloiier ibat 
iiu np-lu-dato bwidtal rau do wlUiunt It, U la even uuk 
UN pftil mid noceMwry lu aurfare. Wboiierer, tor in- 
Htaneu, the Mbape and putltlua uf a p^>Jwttle In the body 
ot H iMtlent are to bo aHCertalucd, Uiwntiten pbotna- 
rapby will quickly give all the deelred Infonuatlou; If 
liijored tKiacB, and eeiirclally the apUntcrlng ao frequent 
wlUi bone tracturm (abet fracturaa), are to be exam- 
ln<>d, It again lUMvea tbe one aafe guide. Itueatgeu 
liliutograpba are nearly alwaya weleome If the perfora- 
tlMi mudo by a bullet baa and) a direction aa to aiig- 
Kcat tbe bypotboala of a bona loalon. The photngruplifc 
plate In many oaaea ahowa the loalon to bo much luara 
Ht-rluuH than would otberwiao bare been snpiKieed. In 
coiinicUon witb the furtbw cbeoklng of the treatniaat— 
III HMCortalnlng, a wbatber dlapUoaoenta of the hone 
nmlM hare been adjuated by tbe dreaalng, repeated X-ray 
eimnlnallon to of tbe hlgbeat hnportanca 
It la true that X-ray work In Ita prlmltlre furra would 
lui\-o been of little uae on the theater of war; but ao 
inany Iniproreuienla bare bean Introdnood of late yeare, 
the loohiilcalltloa bare been ao highly almpllfled, that 
eroii the ordinary practitioner will And no dlMculty now 
In liiiiMlIIiigwn X-ray outllt Trauaportablo apparatna 
iillowM thu Ituontgen ruy to be readily employed every¬ 
where In the Hold, even In temporary Inflnuarlee. A 
liartirularly valuable feature bi that patlenta aiibmltted 
to H Hoeiilqen treatniefit will auffer no pain or dla- 



I'bu upiwratua aervlug to gouerate the raya may be uf 
the moat different typcK They either coiiaiat mainly of 
un ludmllnn coll and interrupter—tbe active raya being 
produced by a rapid auconadon of alternate enrrent 
Impulaee—or of a recUller converting an alternate enr- 
root Into imlaatlng dlroot enrreni, that ta, a rapid anc- 
ccaalon of hlgh-teiudou current impubwa of ccoalaut 
dlicellon. The latter type at apparatna la not only 
luoru aimple to operate, which la eapeclally valnable lu 
warttre, but generally more effective, allowing anap- 
abota to be taken in frectiona of a aecond. 

In the military boapital fouuded by Ueanra. Blemena 
and Ilahke, In cunlnnctiim with tbe Hlsmena-ftcbucfcert 
Worka, tbe German Red Croua aud the military autborl- 
tivH, there haa, fur iiMtanoi!, been budalled an X-ray 
outtll allowing bwtantaneoua viewa with ezpoaurea of 
only 1/100 aecond to be taken. ThU boapital, moreover, 
allows many other striking fentnrea, and may be oon- 
aldered repieaentatlvo uf the beat German practice ta 
military anrgery. It la buueed lu tbe admlnlstratloa 
building at Blemonaatadt, near Berlin, and comprlaaa In 
the fonr atorlea of Ita northern wing, four bandied beds 
In seven large halla and eighteen prlrkto rooma. An 
operation room appointed In accordance with the beat 
niudccn practice euablea even the moat extenolve anr- 
Hlcal opentloiu to be performed, mainly wUta tbe aid 
of X-ray pictarea pievlonily takeo. By tha coaitaay of 
tbe managera, we are able to reptodnoe some snch 
views darlved from tha hospital arefalvaa, wtaiefa will ba 
found moat InstmeUve. In another ball there bare bean 
Installed all aorta of apparatna fbr electro-medlca] 
tborapy. 

Hpadal traiwportable Roentgen ontllta have baen pet- 
h-cted for army Hospitals Installed at baiting pUoaa, 
which goDorally remain statidtaary for some time Be- 
Nlde the X-ray gmioratw, tbaae eompiiae a enrrent 
in-neraioT, meetly a gamdlne dynamo, so ta to be Inde- 


pciident of any electric InaUllatluu. Wbllu Una onlflta 
do not lend themaelvea to taking Inatantanaona vlain, 
they allow even dUbcnlt X-ray plcturea to be made with 
n few seconds expoanre In c^onction with a lalnfnc- 
Ing araaen. The variona rutin ot tlila outfit ora tour 
inlned In case* carried on antoinobtle tmks, wbUh, aa 
loug os tbe boapUal remains at a given places can be 
ntlllned for the transport of wounded soMlara. Bpeidal 
type of X-ray ontllta have been developed for aUp boa- 
idtala and bcajrital shtpa. 

Ho large a nnmber of ptocca uf electro-medical appe- 
ralDs have been lately adopted that they cannot poa- 
albly bo left out uf aocoont In a dlaeuaatoo of X-ray 
npiiaratna, tbe more ao on they are dlrecUy or Indliectly 
the onteome of tbe latter, and aerve at afileleBt auxtll- 
arles In Roentgen practice. Fwemdat among tbeae 
abonid ba mentlaiad tbe diathermic apparatoi whidi 
by tbe application of blgb-fiequency enrranta prodneea 
come sort of Intamal headiig of tbe body. Dlatbermles 
Is naed with advantage In the treatment of naornlgle, 
rfaenmatlc and gonty complaints; It la moat valnable In 
tbe after-treatment of bone Icslona, aud Itn ancatbatio 
effeota ore remarkable^ 

Blectric temperature meaaurmcuta are nsed In a 
rather unnavial way at the Blenenaetadt mllttary hue- 
pital. The aame aa temperaturee tip detenuliMd aud 
checked electrically from a central aUtlon In large beat¬ 
ing and vontUaUng i^la, tbe ftrvor temperatnrea of 




X-ray o( a wound In feet caaacd by rUe buUat. 


SiaiMa'a t uMid an I-wy bidk. 
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■ tram Vlauu ovet » diiUnou of (KlU lalUw, ttul from 

Cilfdffli, in Irolaml, 1,7W mllM awny. Thtwe nonmuini- 
Mtloni wtK made durlnc tbn day, and now hi|{h nton- 
tmw reerfven with phoUigrapUn ngiitar npeatan w«M 
employed with exoDOent rraulti. KxperinumU in wire- 
leu telephony were oarried out on the tollowinc day 
between aevenl veawlf lying at anehor at a diatanoe 
of one kilometer with great ineoeu. The wirdeaa 
telephone experimenta were eontinued on the tUid 
day, tlila time between two warabipa on the hi^ aeai, 
and the reception waa oonaiatently p^eot orer a diataneo 
of 30 kUometera. On the fourth and laat daya auooeaafnl 
Idephone expmtmenta were again carried out, nommun^ 
nationa taking plaoe with very limited energy betwam 
vpunla on the high acaa, 70 kOometora (4S mllea) apart. 
On the laat day radlo-telnphonia oommunicatfam waa 
oonataatly maintained tor 12 houn, and the coniimiout 
working of the ^>paratua did not cauao the alif^tett 
Inoonvcnienec. The apparatua employed in the e>- 
perimnitf ia of a new and aimple type, and it waa Mr. 
Matnoni'a deaire that it abould Brat be naed on the 
warabipa of the Italian Royal Kavy. 

A new traaamitting apparatua lor wlrelen telephony 
waa invented by Herr L. Kuhn. The mkaopbone 
current ia paaaed through a winding on a aoft iron etna 
on which ia wound a aeeond ooil eonnooted with the 
antenna elrcuit. The aelf-lnduotion of the latter coll 
variea aceording to the fluetuatlona in the mierophone 
circuit, and the oaslUatlona In the antenna oirsult, theea- 
fom, alao vary in frequency aocordingly. By tUa 
meana it ia atated than an oaeillatlon energy of 8 Ulo- 
watta in the antenna circuit haa been aufSoleaitly in- 
————————J fluenced by a microphone energy of only 8.7 watta to 

Baenrdlai fever temperatare of a patient during a teri of the elect of a aadaUry. proper tranamiaiion of i|>eeeb. 


patlMits are here reoorded 'deetrieally and tlgnaM to 
a eintral poat Thla, of oourae, afforda a great advan- 
tage over tbe nanal method of determining the tempera- 
ton of the patlanU two or three time a day; In fact, 
tbe dear rocord of the coune of temperaturea thna 
uUnload not only awhiia mote efficiently in making a 
dlagnoida, but afforda some uaoful data in gaging the 
eleot of medlcamente or therapeutical nwthoda. 

Apart friim the Roentgen apparatue proper, we ibonld 
menUon the aoceaeorieu wlthont which no eharp rlewe 
could ile taken. The nme aa In ordinary photography, 
a atop ta placed In front of the objerdve, to keep off eny 
lateial twama of light and thua to Improve the deflnitton 
of the plotote. It U a good plan In X-ray work to acreen 
eff any •eooadaty raya which are Umnd to Impair the 
quality of the pictnrt. Tlw‘'oompreealoa'' atop devlaed 
by FroC Alben-BchVnbetg tUowi any part of the human 
akeMon to be tenedneed with the utomat tecnracy. 
Another type ta Dr. Bucky'i "beehive" etop. which lu- 
toroeptn any aaeundary raya produced Inalde the body 
heftire ttaaM an allowed to atrlke the projection acreen 
or photagnphlo Plata 

rnr radioaaaplo and radlopbotograpfalo work on 
eundtog, atttlng, or lying patlenta then have baen de- 
vtaad quite a number of lokUng atandi wbleh wUI kmp 
the body itrajght, in addlHon to avoiding dtaplaoament* 
and Inanrliig an accurate adjuitment of the body. 

nie X-ray bulb IMIf, of couna, ta of the hlghwt Im- 
portanee. Bach mlUinry hoa^tal ought to be aqulpped 
with quite a number of bulla adapted tar variona pur- 
pogea, part for radtaaeopy and part for X-ray photog¬ 
raphy. Aoootdlng to tbe epedal porpcae each bulb b 
In t gaded to earve^ the vacuum mnat ba man or taea per- 
Caeti th« hltfiw tbe vacuum, tbe “hardar" or more 
paMtratlag will the X-rayt be, and olee eem. 

A arinor, though uiefnl. avceamiy an the land baga, 
Wfatah idlmv the patient to be Inetalled moot cnnfait- 
AUy fa any ponitkm. 

thoanittafalngaf torrignbodtaa (profaeaiM) In the 
pattaiitt body ta generally Umltad to the nmir extniiil. 

thorax, and to the loww aitremltlee from 
the kneie downward; aa wdl u thp ifcnlL In order 
to mart eariain pofata fat aabaaqnaat traatmant, eweii 



lead labeta an glued to the efcln, or tbe ptaceii In yuee- 
Uon are apottad with a blue penoll, Ink, or tluaure of 
ludloo. In order aocniately to aeoertaln the poelUone 
of a proJecUle in the body, two vlewe—In planea rei- 
tlcal to ona another—are, of couraa, reqnUud. A lafe 
dUgnoota for bone fmeturo can hardly be made on the 
itirength of ndloacopy. X-ray photograpliy being gen- 



BchmMt'a nalreroal X-ray ataad. 

•rally liMllHiieiiiwIile In tbta connection. ' For checking 
the fracture In the plaitct dreaatng, as well aa for the 
dUgnods of apntne, radimwopy, on the other band, 
moetly afforda luOdont data to allow a lafo condnalon 
to be arrived at 

Another point to be lueutloued b that porta graeraily 
Invtalbto (a g.. In eaaudnlag the itomach and Inteatinea) 
can he mada'^tolble by qdraiiibtertng to tbe pattaot 
what ta called a ‘qxmtraat” meal, comprtalog aome 
heavy metal lalta. aoch aa btamntb, Imparvloua to 
X-taya 

^nrdwJTelephoBT* 

DuaiNa fae eariy part of Mareh Mr. Manoni jofamd 
one of the ItaHan'wmr vaiieta at Angutta attaahed to 
the aquadtuneonomaaded by U.R.H. the Duke of the 
AbrauL-and for aavaral day* be earried on eapmlmenti 
fa vritriam telephony with moet •attafying nHulto. 
Xtuitaf ihi* flnt day radio-telegnphk eonumintaationt 


Effect of the Wu Upos Qlme 

Tui Doala Foohrichfea pnbUahaa a naunaiy of the 
uircDBeii agalnit the Swiai penal coda Jnat befon and 
idnco the outbreak of the war, concerning wbleh eom- 
ptaintM were made to the police authoritlea While dnr 
log July of the preaent year 300 comi^alnta wan mndii 
the number reported tor Anguat ta only 108, toe Bap- 
tember 177, and for Oetobw 1C& 

Tlie Mtattatla for 1018 give the following totata: July, 
843 curaplatoU; Auguid, 814; Oeptamber, 808; Oetobar, 
801. At the clone of Inly, lOM, the anmber of caaee 
tried by tbe public proeecutor wae about 140 mon than 
for the wme period of the previous year, wUto an in- 
•peritun of Ibe •tatlirticu up to tbe end of Oetobar riwwn 
a dwreaie. then being abont 180 trial! tan than for tha 
year 1018; tbat U, there wan a foiling off of abont 870 
cana in three montba. 

Tbe Uerman Journal UmMitau, In dtacnnlng thgn 
Ognrea which it quoteo, nya that one Imporiant nasoa 
for tbta BtrlklnK decline in the perpotntloo of erimn 
la that the lloetlng popnlatlon, from which a large pa^ 
centage of the lawbreakers ta drawn, hoa been targaly 
reduced aloco tbe beglnnlug of the war by removals, 
aummona tu I bo arudn, exputalona, etc. The mobiltaa- 
tlqn of tbe Hwtaa army ha« also exeictaed a fovorabto 
luBucucc upou criminal shitljillca. 

Tbe flxhig of su bonr for the cloalng of the nloone 
Ini to nu abuiemeut In aaiuiultii, crimes agalnit prop¬ 
erty, thrcatH, and acta of Inaubordinatlon. Hoot Intar- 
eatliix of all are the figures concerning the eomptainta 
of aaaanlta. 

In 1014 the Complaints aa to premeditated bodUy 
aaaaults run aa follnwa; July, 28; Angnat, 18; 8«|itma- 
ber, 18; October, IT. In 1013 the flgiiTM ware: July, 
.77; August, 31; Heptomber, 30; October, 38. 

In tbe montba of Angnat, September, and Oetobar, 
1018, tbere were 0 nmplalnta In lugnrd to neta of In¬ 
subordination, while during tbe same period of the 
year 1814 only a single case was brougfat befora the 
dlvtaloa for criminal investigatino. 

In a few casce of bnwta the quarreta aruoe from the 
fact that the aymijatbtaa of tbe population of Bwltaer^ 
land are divided between the countries at war. 
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Chemistry of Flaming Arc Carbons* 

Their Develoiment and Operation 


In an are (trunk hntwnun two carbon nleatrodet, vary 
nuarly all tbi> light comm from thu innandatcent el<»> 
Iroilu tlim. Ill a ilirm-t-ciirrent am, thii punitive oraler 
la larger, ami inniubly at a higher temiNirature than the 
negatiru crater, and It la thia pnalUvo crater which la 
the wiiinai of moat of the light. Hlneo the crater l« 
merely an iuuuuUewcit aolid, i<. afforde a nuntlnuaui 
apeetnun. ('olorimetrle experimenta rpoently made by 
Ij. a. Jouna and reported by him at tho (ilevdand mee^ 
lug of the Illuminating Knginnering Hiailety, Meptem- 
lior, IUI4, hIuiw tliat thia ineandeacent crater haa about 
n7 |a>r (s-iit of tlio ilaylight value of noonday aunlight. 
When volt-am|N<rc readlnga are talum with mioh an an 
it la foiinil that if tlin are ia atrengthened tho voltage 
riaea and the amperage faila, and eventually the an 
goua out. 

If wo uae aa one of <mr eloctrodua a carl)on nal which 
haa iMam hollowed out into a cup, and place In the oup 
aomu potanaium chloride, and a^n atiiko tho are, we 
And that the vollrampore eharacteriatica an changed 
and that at tim aamn ampnrage a much longer are can bo 
drawn. CameUmann in IM4‘ arema to have boon the 
flnt to liavc notlood thli fant. Aa wn aee, an an fed 
with potaaaium chloride glvea very little light; in fact, 
probably loea than the pure carbon an, aa the poeltlve 
orator la not eo bright Thia an haa a diatinctlve color, 
and, of ouuno, would ahow, Iwaidea the carbon are linm, 
tho potaaaium linca In the apeotniauupu. Bunacn* in 1844 
aaoma to have boon tho flrat tu notice that different 
materlala give different apectra in the arc. 

If, inatead uf imtaMium chtoride, we piace a email 
amount of ealnium fluoride in the hollow earhun nup, 
whieh. In thia aa in the prevhnia «aac, ia in the lower 
IKwitlve carbon, we And that the arc length f<ir a given 
ourrmt and voltage ia much aborter than fur pulaaiiium 
ehlorlde, and longer than for a pure carbon are; suwe- 
over, the are ia Inlonanly luminoua, though rather un¬ 
steady and liable to go out On pUoing a mixture at 
potassium ohiuride and cakrium fluoride in the an, we 
g«il the eumbined advantage of a tong arc, with more 
InUnwe luminoaity than ia afforded by either the pure 
carbon an or the potaaaium ohloride are alone. These 
simple facta fomi the starting pwnt in the development 
uf tine uuidem flaming are. 

About 1800, Bremer, In Oennany, brought out a 
flaming carbon, with calcium fluoride as the essential 
light-giving salt. Tlie light afforded iiy such a carbon 
ia a Msnaatiim yellow; the colnr la more aptly deacribed, 
however, ea “minus blue,” aa the spoolrum frf sttoh an 
are ia very deficient in the blue. 

Fmm 1800 to tho preecnt tho development of the 
flaming an luia leam going on at*«dUy and surely. U 
la inUvcatlng to note that the Ural record tho National 
C’arbun tlompany has iff any work iHiing done by them 
on the aulijtv.l was wlioii aiime iinliuaiy cored oarhona 
flamed and experiments w«iro undertaken to prevent this 
pheiiumcQun, 

Although Ureiner produced a carbon which could bo 
burned vertically, for a numlwr uf years moat uf tho 
cumniereial lain|ia wiire “liu'liuod trim" lamps, taking 
long, uured carlmiiH, which liurned under open-ue eun- 
dilioua. A few years age, howiivor, there was developed 
a lamp for burning flame carbons in a vertintl pualtioa, 
and for these lamps solid carbons have been developed, 
An Inhimting pffnt la that tho idea of solid narbons 
antedated the development iff the lamps. These lamps 
gentsnlly i)(ierate In auch a way that a llmihat supply of 
ait roaches (he arc; that la, under “ InoloMxl-arn'’ con- 
diliuna. Tlie»> variiiua tyiwe of lamps an duubtleaa 
familiar to the illumiiuting engineora present. 

Modern flame earbonS may Im elasBifled in sov»irBl 
ways. IlVom the atandiMiint of the meohaiileal atruo- 
tore of tho finished carbon, we have oored earbona and 
solid earbona From the standpoint of the eolar of the 
light omitted by tho carbons, we have a ma^ diviikm 
In which ara\|pehided yellow flame earbona and whits 
flame oarboig^'' and a minor dlvUon Inoludlnc ted, green 
and blue fla^ oaibons, red and green bdng but tlttie 
used onwpViar advortiaing purpoww, and blue being 
used aa a so^M of blue and ultra-violet light for medloi- 
nal purpoeeiii.' 

In the major dtvlaiim, oaleinm fluoride Is Uw chief 
cuiwtitueiit of yellow flamen, and nue earth oompotfodi 
ohlul constituents of^white flamers. 


KDgbwariiia MoeMy and Uw Annriean riM lasUMCa 


By Dr. William C. Moore 

A brief dawriptioa of the method of maoutheliire 
of flame earbom may net be out of friaoe. The flnt 
step, of eoune, Is the eaceful vrei^ihig out of the re¬ 
quisite amount of the earbon base, and the proper flame 
materials for making a "mb." Moat of these mixM 
are rather eomplex. After weighing, the ingredienta 
are very thoniugUy inoorpMated together and with 
an appropriate binder—genmlly tar or pitoh or a 
mixture of these. The "mb'* b then furaed by meam 
uf an hydraulic press into long rods, which after oooUiig 
aril cut into tbe proper lengths. These green oarbons 
are then eanfuUy baked ia gas-Sred furnaees and the 
temperature gradually raised aeoarding to a definite 
sehedule, the flnal temperature attained being deter¬ 
mined by a number of faotors, sunh aa tbe liability off 
some of the eonstituente to vudadUso, or to react ^th 
eaoh other and the earbon. 

After codling in tbe turaaoe, the earhtnM are un- 
paoked, tmted. deansd aad gaged, the Utter proress 
oousiatlng in determining tbe diaawlor, aa but small 
variations in dUmeter are permianble; the carbons 
must also be quite straight. Some solid oarbone are 
eleotropUted with oopper on the holder and to make 
a hotter oontact between the Ump holder and tho car¬ 
bon. After pUtlng, they an dried and madu ready for 
shipment. 

It is, of oourse, necessary to keep all flame carbons 
dry, aa water may cause reaoUuns between sume uf the 
flame materiab, or may set up on a carixm-eupper odl 
with some <ff the aotuble or partially'soluble ^tt as 
eleotrolytaa and thereby destroy the oopper ooating. 
Water has another detrimental effeet as shown by W. R. 
Mott,* namely to react with the carbon at high temp^ 
turas, forming earhun monoxide and bydragen; the 
Utter may not only aeoumuUte in the Ump housing 
and oauBo tho Ump to explode when started again, but 
rapidly condoots heat away from tbe burning are and 
lawers Its eUBoienoy. 

The manufaoture of oared oarbons is quite siiniUr 
to that of solid, oxoept that tho earbon baae ia difforent, 
and ill foroing the die oontaim a pin which makes tho 
carbons huilow. After baiting, sorting and gaging 
this core hole b flllod with a mixture of a earbon base 
and the flame materiala with an ^iproprUto binder, and 
tho earbona are then dried. Aa oorod earbona are 
usually very long and of small diameter, a sUe wire Is 
inserted into a small bole paraUet to tbe core hole. This 
wire Increases the oonductivlty of the carbon. In order 
to maku a good wmtaot with the cartxm and tbe huldcir, 
the earlions are “silver tipped”—that Is, flnrt eopper 
pUled, then dipped Into solder, which sdlden the sine 
protruding from the holder end to the earbon. Hueh a 
eonnootlun is a permanent one, and ia far auporior to 
tho scheme of simply bending tbe tine over at the end 
of the earbon M the sine beoumes brittle when tbe ooro 
U dried and U liable to break off. 

Wo now oonie to tlw questiun of desinblo operating 
eharaotoristioi for a flame are carbon. First of all, 
Bueh a earbon should bo reiUbU. It haa been polntod 
out by Htolomets* that after high effleienoy is attained, 
we can afford to aaoifloe some of the utfloleBey fur 
reOablUty and other deairaUofBBton. AiwlU be shown 
below, the flame an is already of high eOoienoy, bsnee 
we pUoe rriUbility aa our flist dralreble nharaeteristio. 

We may oontidar relUbUlty under tbe four beads: 

1. Constantly of diitzibutioo. 

3. Conataney of light flux. 

fl. Omstaiwy of color. 

4. AUtlty to start with oold pohtU after the uariiona 
have been in nae. 

The length of the are haa a groat deal to do with 
the amount and distribution of light. Ai tbe are 
loagthena, tbs voltage inereaaea; It is atoted by Haohlw* 
that thars la a maj^imum daflnita yiAtage tor maadmnm 
eflotonay, that U, some daflaito are Ungth gives the 
meat light. 

The part that ebandatry baa had U Inertai i ng the 
reUaUUty may ba briefly iadieated. It la readily leen 
that a flsme are which bani bristly part of tbs time 
ml dimly part of the time ean han^ ba said to have 
100 per cent nUabOlty N aU tbe other faetetf afa high. 
It may happso tint aU the flame material b evapocatad 
from a glvea spot on tha lurfaoe of tbs eartion, tbare- 
by eanslng a pure etoben axe for a sheet time. Boeh 
(baages, bewaw, are bow tiae, aa B.peat deal of 
eonatruotive riismleal work has paastleally ebriatod 

• Mou. neiMim HtoUlUMabar l3«h.lfU.p. Ijab ’ 

• dm. WNirtc JMro IT. W <IW^ 


thb taatnra. Aa anotlur taetor aOmtiog tta niiii* 
hiUty of opentkn of flams are laaipa b tbs hn aa t bre 
of slag on tha pointa or ua tha ISi^ WsA ai d atiU K b 
readily seen that tbe propre preportUa of tbs ffaaw 
oonstitiienta and the rl^t Idnd of addMoa agHM Cor 
preventing such aUga an of great Importaaosi aad hma 
again we find that oxtonded ebssnUal ttomce h has 
resulted hi the development of earbona la wUdi thb 
source of trouble haa bm laigriy ovosons. 

It has been montionad that tha flams are b of Ugh 
elflcieMy. The following flgnrea an frem aoms itgidar 
routine tesU made in the laboratory.’ 



The slightly lower effleienales with the aolid oarfaeas 
are duo to the fact that they are used in Ineloaed lamps, 
to which the air haa only limited aoeesa. and ao hi theae 
lamps there b bw oxidation of the earbon aad tiie flams 
materUI. 

Some work by Henry P. Oag^ at Cornell Uidvertity 
im the emoienoy of tho are stream proper may bs sited 
hern. Thu invwtigator found that with oared yellow- 
flame earbona the energy radUted as Ibbt from tile 
arc stream was 3D per cent of tbe total energy radUted 
by it; with tho are itroam, from oored whlto flame ear- 
buna 'J7Ji par cunt of the energy radUted by tha on 
stream was light energy. The entire yellow are ahowed 
six caadlea par watt radUted. while the entire white 
are showed throe oandles per watt aotually radUled. 

Three vUnoa are for tho apoottal re^ batwaen 
3,800 and 6,800 AngatrOm units, and for alternating 
current at 13.6 ampon. The foUewing data may be 
presented as to the life of flame oarbons; 

UtsUHeum 
A. C. D. 0. 

Cured, yellow. 12.0 13.60 

Cured, white. 11.06 11.36 

Holid, yellow.116.08 136.0 

8olid, white.130.0 M.43 

These flguiw show why tbe liiolosed flame an lamp 
is more popoUr tium tbe old "todined trim" laaap, usiiig 
cored oariMma. 

Having indicatod at a number of pofaito the Important 
port chomistry boa played in the deveUpmeiit of tbe 
modem flame earbon, let ua now tokb up in graaler 
detail some of tbe chemkal aspecta. 

In tha flret plaoe, the aelection of the propar m»- 
terUb for the manufaoture of flame earboos b to a 
vwy hige degree dependent on the ehaalaU propartba 
of these materials. When we eondder the earbon base, 
we And that the ohenUoal bebavler, aa well aa the phy¬ 
sical behavior of the various ao-caOed forma of earbon, 
differa with the type of earbon empUyed. To naa an 
extiame earn aa an lUustratlpii, we know tiul tiw etum- 
Ical propertiaa of graphlta difler gnSUy from' thosa 
of UmpbUck. TBare an Ukawiaa dndUr fl Hf e r an B ii 
between diaraoal aad UmphUek, petndsnm mba and ' 
retort ooke. Thb, in partr aearemto frr p diOeinM 
oariian base being used for solid and Cor «Mad aaiboni. 

To a gfratar dagreo tiiaa tire piopto ariastUu pf the 
right eariion base aalaetion of tha, rij^ Hrt.eff 
flm material ab4 tha rilht sort of addittan agadto 
vritn thb flama mafrrial haa bean a ehgpakal priihbm 
TU b iUiMtmted by the tart Aal to-day wa fooaer no 
bettre matorU than ealefauB flaeridB for tha Main rta:. 
stitnmt of yellow flams earfibna. I do-nol t||^ I jjtf 
exaggerate tbe natter tp the kart wbalt 1 My IBrt 
oompoandi of anky ertspouBdFlDtMing sImbmiI bn«i. 
boRi tMVQwd M MiMtiutoi 10 (alb' 

flame e a i b o ni; aag te of thin to atl aoHa at pailjili 


pmnr dapteda apDfrllM injriad'at''ifl^'fli|M 
bmnifari-'May 1 m WMhjf 

v'l '' 1 ' ‘i i i ii* Vpiir i W i i ia 
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fluoride by wrttfit. 3 3 10 

rMoT^nltbyvriiht. 0 12 3 

Hwi (^MrtaaoHidl*f(nrar.. 027 1,0S8 736 674 

ilrli MOfe. then fa • nuudmum per oeui u( eeoh of 
dM aontftBcnto vhieh iriU give the moet Vg^t. Thia 
.it Hue irith iwerty every enbetanae whioh mmy bn 
a4dt4 to the dtMtiiii*fliM^de. and wheo we eonuldw 
that 0t»en eonteiii three or more eubeteitoea In addi¬ 
tion to the mtln oonadtaeiit, it b readUy moo that the 
^ adJnirttoMit of all tiiMo ■ntMtanoee to each nthur 
preaepta aonie very inteteethig proUmna. It nhu iix- 
p)l^ why to niiMh of oar knowledge baa been obtained 
ia an awpirlaa) way. It b, of ooune, undoet^ that 
tbe for dUIetent addition agenu do not oolunido. 

The dbouioal oontnl of the impuiitlea preetuit in 
the raw matolab b at great Iraportanee. Hiliea, ferric 
piide and ahnnlna, aa ii well known, are inminoii im- 
pnririaa in eoldum flnoride. and it lo bappuna that too 
wineh of tbeoB fanpuritkM wili make a pour burning 
eariMn. BiUca b eepeeiolly undeiirablo, aa iwlniuin 
allleate b very non-volatilo and oo b a fraquent name of 
blag fonnatlon. The analytical difBoultiea in deter- 
inbiatVma of fluotiiio, rillea and nun iwrtha in the pro- 
amea of eaeh other and of carlioa are very great. 

Hie nnbaked oafbon b a poor oonduotor of cleotrioity. 
It b abo rather friable. In tho baking, the bfauler ia 
ooked and the carbon b rendered homogenooua and 
eondueting. Thb ooldng of the binder b tho cliief 
ohamiool cihange In ibe tnanufaoturo of the oarhnn. 

We now have to oonaider what ohomloal changee may 


ocenr daring the bnmhig of a flame earbon, and how 
tbete may afloat the light emitted from the flaming nn. 
There are throe poaolUo mnucoe of U^t in the flaming 
arc: duntrodumlnefeeiiBo, th8nnodumfaieieeDaa,and ohe- 
mUuminaaoaiM. We do not know to wbat extent iheee 
three faotura affoot the light radiadon in any one eaoe. 
We do know, however, that In general there are two 
typoa Ilf flaming area, (1) thoee In which the outer 
ahoath oeema to ha intnnaidy luminoua, (3) thoee In 
which the oore of the are aeonw to be more luminoua 
than the aheath. With very few nxoeptlona area of tho 
latter type give light of the ahortnr wave lengtha. Wo 
have W) an an int«> wbinh ealaiuin fluoride b. Inlro- 
duoed, it b a rupnaientatlve of the Uni type; hen ia 
an arc Into which chnimio oxide b introduced, it la of 
the latter typo. King baa ncoiitly reported' tliat in a 
tube furnace almoet all of tho apenlral Ihuw aeen in the 
are gpeotnim of titanium appear, ao that it would appear 
that in aome caeca a laiu« proportion of the light from an 
arc b diw to tburmo-IumlneacoiHie, though all piawlbiUty 
of chiimMoi change wax nut proaludvd by theae oxpcrl- 

IIICUlH. 

(>ldcitlM<rg' haa nutde a K|ieoliD-lii>1iiigra|>hlo atudy of 
varloua area, with aouui inhwoHiiiig remilU. Kor In- 
Mtaiicc, lie cuncludea tiuet in tho audium are, Unnt holong^ 
lug to the principal aoriM aiich aa the “D linea” are duo 
to chcminal niantiona laitwcon the vapor and Ihn air. 
Band aitnctra anem to lie of two typea; thcee of tho ttrat 
type an duo to culUaiona of atoma in tho high tompora- 
Uirc con i of t^i iw- The cya nog en han da a lwaya aeon 

• AtlrapHniletl Journal, 3B. 130 <1014) 
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in a OHbon are ha aacrlbat to ooUblona betweMi cnibon 
and nitnigai atoma. Bondi of the Meond type am 
found in the ahoath of the are; they ore due to nnd^ 
oompoMd moleculei; tho handa of tho oaloium fhiorida 
apeotrmn are of thb type. When we oonilda that tho 
flaming are b a miniature nkntriu furnaoe; that Vkemy' 
ihowed yean ago that oxygon oonverta oaloium fluoride 
into oaloium nt^; that oidoium oxide and earbon reoet 
to give calcium carbide and carbon monoxide, and that 
the other oonatltuenta of a flamo carbon may reaot with 
calcium flnoride, ivilh tho carbon, with each other and 
tho atmoapharie gaaea, wu ace that it b puanibb for 
chemical obangoi to pby an iraportent part ia the pio- 
duuUoii of the light of the ealnlum fluuri^ an. Kach of 
tho pooallilc aubatancoa may play ita part in thb light 
emiaaion. 

In ooncluabn, I think wo may aafoly nay that the paat 
pregrcaa made In Iho flaming are art haa heen due to the 
■N)-upurallDU of the chemial, the phyoiolal, and the eleo- 
Vrical ungineer; thu future progreaa will Ukewbe be de¬ 
pendent upon their combing offbrta. 

It might iMit ho out of ploco to point nut that the be¬ 
havior of any one aubatMice in Uio an ia dotmtlned by 
the oondllinna aurrounding that aubatanoo—it hebavea 
Bcoordlng lo doflnito chemical and phyaical laws; and 
that our kmiwicdgn of theae lawa tor high temperaturea 
ia exceedingly meager. On the other hand, once theae 
lawa are learned, it will probably bo eaaiw to build lampa 
to auit the oarboua rathiw than to make a carbon to fit 
any ami every lamp. In the cxtcnalon of our knowl- 
odgo of theae lawa, chemiatry and eapooiaUy phyaioal 
oha nlatry will pla y an important part. _ 

•itaa. Cim. Phtt., (3) 47, 17 (ISM). 


Uniformity in Dosage of Radium Emanation* 

The Various Forms Employed and Methods of Preparation 


Rsktim Muanatlon b mtaiiiulug Importance na a thera¬ 
peutic agent llai Ciuuucll <ui I'harnuuy of the Ameri¬ 
can UeiUcal AaaoclatiiHi lute Ibted nullnm and lU 
emanatlou amoiiK now nnd non-olflclal remodlec; an 
locreoaltui niunber of phyatcinna are uaing tho ctnatui- 
tV«n in their pracUce, ond artlclce and advcrtlacmonta 
on the aubievt are appearing In the medical junmiUa. 
Since radium and Iti emanation arc heconilug rcong- 
ulaed aa belaugbig in the materia mcdlim. their produc- 
thm oad prepertiea and tho atandxrdlxatlon of their 
prepanUona may bo claimed to come within tho acopo 
of pbaimacy. 

naaiiim la prepared fnan carnditn (vuinduto of uraii- 
linn and potooitam), uranlultn or pltch-hlendo (uran¬ 
ium oxtde), and aamaraktte (eolumnbale and taiilalate 
of nranlnm and yttrium). Badlnm haa iin atomic 
weight of 220, and rcaemblaa barinm In Ita chemical 
IwopHtlca. 

In Ita chaiacteriatlc proiiorty of rndloactivlty riidlum 
b anbUmely anpcrlor to Ita envlrminicut. whether In 
Ita nataral mlnorab or laolatnl from them, and tu all 
of Ita cbemlail comiwaiab it b couataiitly emItIloK 
alpha rajra and emanation at a unifonn rate, and there 
b no known way of Inllnoncing or halting thb activity, 
whkdi b not affected by the extremea of heat and odd, 
by proa an rn or the atrongeot reagenta. Thb radlo- 
aeUvlIy abowa the energy which reanita fron tho db- 
lobgiftlnn or tranamotatlon of radium Into clemonta 
iji loww ptonlc W9l(htia 

, A f^QUgruuiM of Mdlom «zpe)s 186 xdIIUod mspmXo 
alpha imrilclaa per Becood. which are made vbible In 
p i||Uhariaeo|M. The alpha reya emitted from one three 
ttdflpiyid rnmioath odt a grain of ndhim can be detected 
hjr iha loM-Ieaf etoctroacope. Tha .raya are given oot 
nnttxmly In all dlnctlairi In the Torm of conttnuona 
Tollapa tt Hoy prolaetllea traveling at a rate of 12,0ii() 
per leo^ Iholr rihage b neiriy three inebee in 
‘ air gafl puugr yarita In a vacinim. They are not Pene- 
brine abaortmfl ly thin abaata of alnmlnlnm, 
MM or flhua. Only a omoU ftactloa of the alpha 
paiiklM 1* aft ttm, natsaa the radlnm salt b ipnad 
riri an oa ho ptwoBb tba largeat peaalli)e anrfBoe. 

tha b a gaa, wblriu la torn, ataodily 

brio alpha portlclaa and radlnm i. from 

whbriiiitkawunoway'odMtadliima, 0. f>, Aand P 

h Ij hnnpiarn tt ia prodneta, oapadaily 

a thM M beta:#* friiw raya are glTtn 0^ 
. llmlilfh triia'MO riiill^ o« napattva riaotrk^ 

.-'aw(ih^a»oa|UM*M*- a«*tthat tto velodlar of 
.-tfephMk'wttlilM k riWkjpMoh apimadilnff tha va- 
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X-raya, They are far roon> ixvictratlng than the alpha 
hikI beta nly^ and uaeil In the external aptdleatlcn of 
radlnm In caneer, the othem lieing rnally exelmled by 
thin metal ftitcra. 

The emanation haa on atomle weight of \SSl, anil a 
cbaracterbtlc bright line aiuadrum. It bclonga In the 
group of Inert mmiatninic gaeca with helium and argon. 
It b mit abHorhed by any known rc-ngent ami chowa 
no power of ehemienl mauMnatlon. The emanation b 
100,(KIO timea oa active, weight for weight, na radium. 
Mke other gaaea. It can he collectrd, eniiflncd and 
Imndlcil In nnllnary glaaa contalnera. Thb la uaually 
done only when It b mixed with eiioruionaly greater 
ridiimca of nir or other gaaea. I.lke other gaaea, the 
riidlnm cmniiaUon b aomewhat aoluble In water. It 
dlalntegratea at the rate of one-half In about four (b.VN, 
and alDi<e the mdloaclive prodneta Into which the emaii- 
athm dblntcgratca ilecay at the rate of one half In n 
few mliintca. It foilowa that tba total radiation fnnn 
Ihe emaiuitlon nnd the anbacqnent dlalntcgrntloo pnal- 
U(-ta det-reaaca nt the aanie rate oa the cwanntkHi, iiniuc- 
ly one half In abmit fimr doya. 

Wlicn water with emanation In aolutlon la left In nn 
open bottle the emanation dlffuaea out. and If the 
water b almken up or otberwbe Ubturheil the pna-raa 
of dllTualini of the emanation b aiavlenited. Vroni 10 
to 30 per <-ent «>f tho einanathai In aolutlon tn water 
may he loal hy laiuring from oao venacl to another. 

The atreugth of radlnacUre water b mnully ex- 
preaacd In inai-in- nnita iwr liter. Iladtnactlve water itt 
2,700 mai-ba nnita contatna per lller aa mneh emana¬ 
tion aa b cmltteil in thirty daya hy one mlerngruiiime 
of radlnm (1 madie unit oquab 0.fl01 tdectreatatlc unita, 
one of which cquab 3JI3 by I#-" amperfM). Tho radio¬ 
activity of water b measured hy a fontnctnaeniw, which 
b an clectrcRcnpe with a rhambn for Innbed air and 
a aeale for mcoanrlng and timing tho dlacharge. The 
Inatnnnciit b atandardbed by flrat teating a aolutlon 
of a known amount of radlnm chlorldo wbtdi haa been 
sealed thirty doya. Uraat care moat bo uaed tn uam- 
pllng the water. 

IVater b ebarged otQier by dbooIvtDg the aolnble 
bromide or chloride of radlnm or by anbrnorglnc the 
tnanlnble sulphate. The later b more eeonomleal, bat 
the onlpbate must he In a minute able of aab-dlvMon 
and innst preesat the largest pondhle anrface. 

There are oeveral ways of aeoaopItahlDg thb: 

Tint—Predpitatlag the sulphate on ariwotos and 
pUdiw K tn a porous ealL 

SeooDd—lllx^ It with charcoal and forming Into 


Mariaflririwi f i n iiwiainpi 


advnntago of using an Inaoluhle aatt b that It can he 
einploynl reiavitedly and lb iiae cuutlnued Indeflnltely. 
Tho terra c«itU> rods can he ua«l eighteen hniulrad 
years and still liave half tindr radhim content arailnUa. 

Moreover, they avoid lutroilm-ing into the ornanbm 
a penuanent radlo-aillve body, an b done It a oolabb 
Halt b ailmlnbtcnxl. 

While a given amount of radium alwaya euilb a coo- 
Htaiit and nnlfurm amount of cnumatlon, the proporttoo 
given ont by an liiaoluble wilt deiwnda u|k« Its atata 
of Hubdlviaiou. 

In the Inaolulilc aalta meat of the emanation ta oc* 
eliuled by tho salt Itaelf; In eomimct form the anlphata 
will only yield two iiud a half iier cent, while It It ta 
fluely iwwdered aiul divided ao tliat It preaenta a larga 
Hiirface, ten pt<r cent can bi obtained. 

A iiiilfonu alrengtb of emanatlou ta ebtalnad whan 
lb*- aaine amimiit of radluin anlphata b held In tha 
name able of anlHlIvlHloii, anlimerged In the aame vol¬ 
ume of water for llie aame length of time. 

It it b dodred lo prepare thwcH of 100 raoche units, 
and the anlpbate eun be held In anch a atatc that tni 
ix-r <-niit of lb emanation b available (as b the case 
when diatrlbuted through poroua terra cotta) tt will 
lai (-onvenlcnt to imp an amount of radlnm which would 
yield 2,000 maclie unlb and aubmorge for four days 
In tightly clooed conblncra, when one halt of ten per 
i-ent or 100 macbe nnib will be obtained. 

The stronger natural apriiiga ronbln from one to two 
buialred macbe unlb per liter, with which they are 
charged while flowing over radinuctive mlnerab or poaa- 
Ing through cavlllea where the emanation boa collaeted. 
The reaaon why many mineral wnten when drunk at 
the springs give thcrapcuUe reaiilb nnatbinable when 
they arc bottled and traiiNportcd, b the speedy dlasi- 
IMtton of tho fugitive emanation, whioh b lednoed to 
one half In four daya unleaa there b a source for lb 
renewal. The nteans of renewing the radloaetlvlty of 
bottled waters, or of charging any water with emana¬ 
tion, are afforded by tho ahave-monUemed devtow, and 
the pbyalchn may prcaciihe a drinking cure which can 
be carried out with preelaloD in tho pattenra bone. 

The chief effect of the radUtloiia from radium and Ita 
dbintegratlon produrb b to produce an toabitlaa of 
tho atoma of whatever anhsbnee the raja peoetnte. 
(ihemlctl effeeb follow as a secondary nault of the 
Ionisation. Von Noorden and Kslta any that *111 oou- 
tradbtlnctlon to all other forma of riactro-thorapy, we 
iXMoeas In the radioactive subabneea a means of carry¬ 
ing electrical energy into the depths of the body, and 
there onbleetliui the jnlona, protoplaam and nuclei of 
the celb to on Immediate hamhardment hy exploslona 
of electrieal atoma. We may, therefore, dsaignate this 






SQENUFIC AMERICAN SUFn£MENniQi2(M2 





AeroflMM Uarto muI Fire Dvte* 

IfIVBif beftira the ww baga the rnndi made n anr 
expailBMDta li tbrowlnf mladleii fr m aaropUsw. Tha 
bort knoini of tbaae prajaetllaa art in all bomba or band 
■ranadai aboat aa bif aa aiangea which an Uimcbad 
from tabea or thrown by hand at lame terraatrlal ob- 
Jeeti, and whldi explode on Impact Hxparlmenta were 
made alao wltb a large bomb or ahall which waa al ug 
banaath tha aeroplane and droi pad by oaiOiig loom Ibi 
anapandlng corda. Not many oi thaae large bomba 
howerer can be carried by an aeroplane 

A reiT dlflerant mlaalle tha abort atad dart, baa bee 
(reqtMotiy naed by brandi arlatori during the prcM ( 
war Thaae darta are rnta of praaaad ated aboat a* 
thlek aa a lead pei cll IToor groorea extruding thro igh 
two tblrda of the length xiiid lerably dlmlnlib the aei 
tloaal OTM ai d weight of that part of the dart and glra 
the eroaa aectton of tha tall the form of a four pointed 
ator 

Ranee the dart alwaya falla with Ita hoary cylindrical 
and ohaiply pdnted bead dlraotad downward Hie 
darta are made In two lengtbi aboat foar and olx 
Indiea wltb corraapondlng wdgbta of H and K oonca 
They ate thrown with the eld of a qiedal derlce In 
biindlm containing from thirty to flfty darti but they 
promptly aepamte a that they are dlqiaraad orcr an 
area of BOOO agnate feet on atrUdng the groond when 
dropped from a UcraUan of aboat 1 BOO metcra or 
5000 feet Thla lelght of IhU glroa them a atrlldng 
Tdodty la 200 meten (aboat OBO feet) per aecond op 
proKhnately that of a rifle ballet, ao that they ore able 
to Inflict aerere wooiida 

The eSactlTeneaa of theoa darta cannot yet be condo 
alrdy Judged In a caae repotted to me by eye wU- 
neaaoe a ahower of darti fell upon foar oompanlea en 
oompad In a amall apace One third of the darta Ibond 
vlrtlma, and Inflicted many aarore and a few fatal In 
Jnrlea The oondlUona were eapedally fhTorabla for 
the attacking ablator and thla example aboold oerra oa 
a warning not to encamp oereral compel In together 
In another wae I f und that the darta had only aHghtly 
wonded a few m n One dart bad etrnch a hotoea 
r mp b fllctlng a tal fnl fleab wound bat not dlaabllng 
tl ni I nil 

Another aeroplane mlaalle la the Are dart derloed ea 
IHxially f r atlacklng and deetroylig airriilpa. The 
expi rime ta wllb Are darta that have been carried on 
I tb riflel lower and elaewhere In binnce aince 1910 
hav milMted I the cooBtmctlon of a aerrlre type 

grie < nkHlNkg ak tft 

A neaUent t tke f mm a V V°ak aad na aalier 
Bg that In the n ajaUm t hi ahont 10 abowa that aa 
altltade f a na 000 matara woa d ha nonliad to pndnaa 
a ntorltr of 100 mot ate even hi ooeae A moch mater 
halfht wouli be iigelred to predam tha mma naiU la alr~ 


wit I will probably be mailuyiid 1 the irment war 
11 In Are dart la 10 Inchaa long &2 tmhaa thick and 
j I oonda In weight It connlata eee ent lally of a tabe 
t talnlng me half iflut of benalne and a atoat ateel 
needle In falling It la k it in a vertical poeltiim by 
tb a turn of a Uttle arrew propeller at ita upper mid 
When It falla on ai atndiip the paint of the needle 
1 r trullng from the 1 war md of the tabe ptercee the 
goe bag to which the tube la then held foot by alx 
tiHbboolm The Impact ignltea an expladve mlxtaro 
packed ar UJ d the needle and tha benalne and tha gu 
of the alrohli are Ignited In rapid aacceorioo I have 
ot yet heard f the employment of tbeae Arc darU In 
the I reat t war 


PlukMoplijr and Teehnica* 

Wa regard tha tilamphal progreaa ot the nalnral id 
eicee with JoeUflable pride At Imm e n ee fund of 
1 owledge bae been accumolated problema that leemed 
b inleea here yWded to re m a tc h and npea the pro- 
gremlTe uiulaBtandliig of the binnoiiy ot natnre hai 
been reared the Impoelng edlflce of modem twbnlci 
the characterlaUe moiiumeot of oar era Althongh many 
Important qoeetlunii are eUU onanawered and extenalve 
flelU of knowledge have been only dlaoovwed not az 
plorad yet a aort of at pplng point eeema to have been 
roaehad The recognitlmi ot thla fut U manUettad In 
the newly awakened fa tereet In the hletory ot lelMoe 
and In the endeavor to tain atock ot the reanlta httherto 
aocompllabed and to attain a dear Idea ot the tael 
valtte of actonee 

Tor the aaoeeRaee of adeoee have not prevmitad the 
apnfOnc of volON warning agalnat orW'rahiatloD ot 
tboae itMcaaaen. Skeptfea have inked It the program of 
dMmlatry and phydea baa broagbt oa nearw to *010 
troth Have we made a olngle atop toward the mider 
atandisg ot the o amof e at things? Tha nombec «f them 
critics le Inereadng end the expreeeleii banknvtoy of 
edenca la heard Doabteri have arisen In the ranks 
of adenot Itaalf It was a i hyolciat who daflnad adanw 
aa eeoDomy of thoo^t a means of artanglag tor oon 
veohmt referenoe the Impreastona wia which wa on 
atormed by oar envlroniiMDL 
Technology appaon now to be aDdergoing a aliaDar 
devd iment To a taperfldal dieerver U dwwa drimidld 
trlompba, the acoompUahment of remilta onthooght of 
a tow decadm ago In the worda of LampnaU It la 
no longer on embryo but a weU-devdopsd, baootlfal 
and atrong peraoeaJUy In the sanlth ot Ita power TUt 
maturity appears to ba taodtag to totocapaMton- Wa 
took away from the work in order to dlndiiTer tha tons 
aanoe ot taduilca, and tUa Ingntoy hmdraa othton no 
tom hnportant, for whUto we kava aof hlthmto hgd 

•Tcaaalatod fteia Dr Samthm hagma aHMt"tofll^ 


hT Doss It OMBB pothUg nura than tha htii|li|tU9 
of setantUe llaoatatiao to lha aatnflan ot Moltfto laoto 

leoHofiflUlty? lataamaaihgiiriaaiattigaehBtoto 
VBlna to the aa t lallaetl o n of tha law nlkg bgmid mat 
praiamBoB, to tha Aoaa aRar toflflWi am^ aoonea rtr 
power? Or la U boaad on shoo idea Ughw ttma the 
prtodifla ot ottuty? tootbarmrdhiathMotiihlkw- 

to too yaorlSIT mast Ka(!|»9dfllahs4« hook now 
almna* * >»■»,*«— OottotoS Of t nUOMOhy of 

TedmlcB ((TrahdttMn alnar WtoMpMaitlirnoh 
na) Tha antoor who oama tnai too «a«p ot BOgtl 
andaavotad to mqtotoi train too gntonpoaildild Tlaw 
point, the whoto dovdopmnt ^ tachnlaa tg mtowobM 
projeetton at too homan oagonm iM aitonat 
thlnga to tola OMry toe hand, ana aild ffw art too 
prototypea ot toe aadlast toda and ntwalla. to tto 
hammer the arm la protooisd and toe power t^ flat 
InereasMl the rigid fOrefliigar with Ha ahoip ball to 
Imltotod In tha diUl tot taoto saggist toe flia and saw 
the boUowad band la toa pattern of toe boifl The parte 
of the body evedaUy Of hand, project tlielr «mdi 
lions and nnnierloal relationa slam The won, ftiot^ ail 
ate wore toe aarUaet onlte ot meaBaiesNDt and toa 
ten Angers gave na toe dndmal eyatem notatloa. 
Been the moveniente of toa hmba are repeated to mo 
ehlnm tor levert ptndnhima, oxtoe cords and Ungaa 
are found In the hmua body 
Kappa theory baa been erltlcUed by aevaral wrltan. 
Byth, cos ot toa moot phUaaotddfal ot totonktona, has 
objodad toat waavlag flre-maklng and many othar la* 
portont tonhnlcol aito cannot be ezdalnad by the pro¬ 
jection ot hniMn organe F Benleaz haa amertod in 
bla valaablo trmtim on the theory ot machlamy toat 
the moat rapid prcgiam in tochnlca haa been aaade whno 
man have tread thamadvm toon netoral pt o to iypea and 
triad to solve problraia by their own meana, otton 
radlcallv dlfforeat from tboae ct natoM 
To tbeae orlUce It may ba m Ued that lailtation dooa 
1 ot necaomrlly mean tba peodnetion of a peitoet lihe- 
nem Biol gy tomliilim teebokn with elemento wUah 
are emploveri In altered torma and comUnatloiia eon 
dlUoned by the natnre of matariala F r axampla It to 
ot a valid objoction to tha themy of prodeotion to ahow 
that continnoua rotation aboat a flxed oxto doea not 
occur In the homan body The movement of too arm 
1 a drcnlar arc about the ahonlder Joint contains the 
anme elemmt of motion that wa And dovelopod and per¬ 
fected, In the swiftly taming whed of a maohlnei. 

We most, therefore agree with Kapp that tbore to a 
ramarkable idnillarlty between meefaanleal tools and 
bnman organa It to another gnmtton whether we shall 
aloe agree wltb bln I regarding both as expnoalOM of 
a nnpercelved metei bysleil principle Here toe 
pi lloaopby of tecbnlca becomen merged In the general 
1 robtams ef j^Hoaophy and egreement or dtoagreoment 
with Knpp win be coi dltioned by tUb vlewpdnt of aadi 
lidlvldnal pbUoaopher 

Retepbyetoal pbUoaophy to not In great tovnr now 
adeyn Fhllswi^ to eontlnnally becoming more proa- 
ttoaL As nataral phlloeophy It ftende In tnUmato 
Bsaodation with toe nataral sdencea or It ootos a con 
neetton with peytflMlogy or It Invadaa the fleld of 
ethica In like man n er tha idillosophy of taefantoa has 
became a ptalloaophlatng aboat ui introdna- 

Uon of payehdogtoat acoUl-etbtoal and other pnUoM 
Into tbe Hold of tbonght of todmleB. Theae gnesttons 
are dlacnasad by Bberhard flaeUmlnw In a reeantiy 
inbUobed book (JNe FkaosopMo dor Teohatt) whtoh to 
aymptomntie ot too Ohugaa that taava ooewted la too 

inteehntoi toa wipiite part of a grantor phmioBMMh ” 
namely the devdopmant of dvHlaatton (Kallar) Br 
esetendtaf toe nngt ot our sansea and Indrmatag oar 
power over toa f&reaa and matelal of natom toto 
tool aasarei to tha homan com tha matortal fraadga 
wUdi It needs tor the ecnedloBB, otaativa wefk of par 
feaUng ita dard o pni i t Biooa, toa flnotton ot toa 
torhntoton la eompartUe with that of tha uttok tor 
aoah to daratod to tha cik;aBlooi raaUMtlon fFu Ifr 
Ps aa cMl Idaa An toa Idea af art to onfOtM ta toa 

aoeftonoa and eaj<maitt « toa utlat^toMtioto to toa 

Idfa af todudea to raaltato ta tod flatpactototo kHf i« 
Joy a^ to toe amt e^ oy an wUto tba weak cd tot 

Unhappily we an yat Ar OMUft ftont dito gMtatota 
goal of tachntai Otitata aosnototo dtassalflMto aihd 

ttoa OM aa coaaiitoaagB da toa tobaiM af toSo^ld^ 

m tadma SS 


tor ttM mrhitoaUN bypndaets naattfaet^n 
hiy idta di^taaiy to^^ 
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The Gas from Blast Furnaces—III' 


Its Cleaning and Utilization 

ByJ E Johnaon, Jr 

Continued from <IcnNriric Ambucam SumJEMSMT No 2041, Paim 112 Febniaiy 18 1015 


HrllWART flATFB linniTrr RATOR OAR WARRRR 

Thb 8(liwRr»-BRyir lytUem iif laa Ipannig inRkai 
um of thi duantegimtor prlnpiple and lu genenl ar 
ramrernent ii ninpk The oonqilete aet of guwdaaniag 
appantui aoDaiiU of a diamtecraton In Miimntion with 
a aaturaUng t hamber m the form of a hnod then a fan 
plaiHtd inunediately behind the duimteiiator and floallv 
a water loparatnT In iam I rth pnmary aiwl final 
(leaiiinic are deeired in miih wtii if a|iparatuii an 
UHfid th( RFHond if which further kanii tli gm wluoh 
hae hein vmnanl> cleaned in the flml 



FIga II and SO —Sehwari Bayer duintegrator gaa 

waaher 


The diaintegrator an iihown in Fign 19 and 20 eon 
•mU Buhataatiallr of two eete of nteel pirn oold riveted 
tn two Kteel duhk wbi b clieki. am net ndc by ude and 
revolve in npp mile dirretii ni I he pins of c no ratnh 
ing dmk which interlace with the pirn of the other 
mvotvlng diek f rm with the wotir through the ilTrit 



if mlatlon and dnprpag a fine apray or mat whirh 
allcwB a thorough mixttin of the water with the gaa 
iravihiig among and hatwaen the pina bafora leaving 
the apparatof 

Tho gaaea from the blaat fumaeo paaa from (he raw 
gaa mama direclly into llu dlamtegratora without pni- 
viiualy paaung through Zwboeke towen or amiilar 
pmtmunarv waaher or euuler 'flu gaa enlem through 
llie tup if the. hood and panaes toward the nenter uf the 
diaintegralur while water la being mtruduiwd through 
the aidea to the oonter Iho hixid arte to aomo extent 
M a pre-eleaiier and cooler aa aome of the apray from 
the dlamtegratora la thrown into tho hood and thero 
cumoa m oontaot with the hot gaa and rapidly evapo* 
ratoa aimultaneoualy ooohng the gaa By the revedn 
twin uf the diaintegratiw the water la projeetod toward 
the periphery of the apparatua and m broken up Into 
a fine iprty Uu gaa muea thoroughly with thu water 
end la ccMiled and moat of the dual i^ntaimd in the gaa 
la prenpitated Tlie gaaea paaa through the diainto- 
gnator in a current oountM u> that of the water 

The apphratum of the (ounter«umnt principle cn 
alilea tho gae to en ountw c leaner and c ilder water m 
ita paaaage through the dinatigiahw hence it m better 
leaned and ita bmperatom la reduced mire nearly 
11 tho temperature of the entotng oooling water Thia 
principle hea the effect of metcrially nducing the 
amount uf water and power cunmimed fach diak la 
(liroot driven I y an Individual motor and the apeed la 
dofarmined ly the degree of eleanhiteaa dmmd in the 
gaa Ihe gaa m drawn through the diuntegrator by 
innana of a fan toeabd immediately behind the diain- 
Uigiator apparatna and | aawa from the fan to a water 
Mparatur 

The uen of pina in thia apparatua ac> a diainti gratmg 
midlum alliwa the paaaage of the gaa with very llttlo 
n aiatane e and a exmaeeiuent mmng m |m wev The re la 
ala I very httta peianbUitv of the dual aettbng on the 
pina (Uid IiOPngnp thoapianetua 

rowuiR * MruLT virtk ai e ar wanhar 

Thw apparatua aa ritown lu Fig 21 eoiudata of a 
nniilar eaat-mm amug ooutaining a revolving abaft 
running virtually through the middle On thia abaft 
arm fixed a ntimlur of diaka made nther of ateel nr of 
eaat iren deiwnding upon wbethor the water iiied ii 
alkalim or acid Faeb duk la equipped with a lollar 
m riarating it from the adjoining dnkv and each coUnr 
u I unehed or drdkid with aix b dea through whieb ux 
hnita paaa vt rtf^Iy thua holding all the duka m plac i 
fhi ahaft 18 diwt driven with a veitKol apindle motor 
Two fixed waVir apraya are provided fir each duk 
diani tneally oppoaite ooeh other ono on each side of 
llic waaher and pnijee>ting between each pair of duka 
The pta of wati<r which an introduced Ihrou^ norrlea 
luiving about I/H-mch openiiiga enter with Buini,ient 
prcuHure t> atnko Uu c illar botwc«n the duka and 
aa the dialu revolve the water la thrown agalnit the 
t p and heitUim of theae duka and then agaljut the 
c utaide wall of the oainiig ereatmg a fine apray nr m»t 
in the apace between the outer edge if the duk and the 
wall of Um oanne tbrenigfa which apaoe the gaa poHea 
The gM enten the waaher at the bottom p a aa e a through 
ihu apray or miat and leaves clean at the top 

Ihu waaluT cau la uaed (or uthir primary oUaning 
ir final cleaning or boUi m oaoe final cdeoning la de- 
aired two waahan would be used in aenee the first 
apparatus to clean the gaa anfflidenUy (or primary pur 
puaoa and the second apparatua to floiab the cleaning 

nui OAB waainen 

The Feld washer aa Uwwn in Fig 22 oonaiata of a 
mnia of niperlmpoaed aeouonii, the bottom of emh 
HI lain being provided wiUi porta for the paaaage of 
gea Ihe gaa eaten tho bottom of the waaher and 
paawa from ehamber to chamber to the top whence 
It u led away Sadi lectioa or dmmber u provided 
with a aenea n( oonM parforated at the twp and moonted 
upon a I aabiron qiite, which is canned on a vwtfeol 
■haft The abaft u auapended at Uw top m a apseialiy 
decogned fnetKMi beBUff, amiiged an m to rednee 
tbe power required for operatkm to a mnhnam The 
water u admitted mto Um top of the woahar knd otw> 
flows hom aaotion to aOrUon Umraidt the gee porti 
Uie dirty water wtmted wtth duet laav^ 4ha hotUn 
of the waaher 

When the theft revolvee Um eonae do Hk ewiee, tad 
Uw wator ie rnited by aaUnhffal font giguff «)* % 


ner ndea of the oonoa and u atomhwd At the upper 
edge Thia upper edge of eaah aoiw w n Httlo hli^ 
than the next outer one thereby (hnaiag a otrtafai 
number of horuontal apnye of water, depeadbiff <m 
the number of esonee The upper pmrtioa of tha outer 
iHiiie which u ecunewhat hi^ur than the ranar one u 
perforated The inner eoiiea supply water to Uw par^ 
(orated lurfooe of the outer erne Thia nanita hi the 
formation of a aetiM of naaradM eompoaed of very 
■mall drops of water through which the gaa mnet pan 
en rente through the apparatua 



Fig 31 —howler and Medley vertical fM waaher 


The araahfaig u aooennplulied moatly in the lower 
eeebona while the upper aeotioiw perform pnmanlv 
tbe fum turn of onolmg tho gaa 
For primary wtelimg tbe Feld waeber u conatnieted 
with aevm ehuiibera or aootions the Ipwer three being 
the wealung obambera the fourth one being a eaparatmg 
I bamber and tbe upper tfarue bemg the aooUng obain* 
beta hor final washing in tbe eaoe of tho gaa being 
required (or gaa-engine purpeuae tho gaa after bomg 
pnmanly cleaned u paiwed throu^ an additional washer 
uf the aama general arrangimMait 

Hae.o crRTRiruoAL oas WASnin 
Thu gaa waaher u oonstnietod by ths Roamnf- 
hiwat Company of ntteburgh Fa and u dealgned to 
oool olean and it noi>eaiiar7 dry the gaa In one appa¬ 
ratus Thu washer oonnste aubatantially of a veitieid 
outer luamg a tube whoee lower end u provided with 
w mtums extending to withm a few Imlwe of a watew 
ual a revcdviiig mverted eup and a aleeva eoaiiig at- 
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He M.—8«ralefcN gu wMber 

tedtatf to Um mvertod rap The outm otniig the cup 
the tabe, mi 4 the duTe oedog ere providod with Bbolim 
ud TUM The eppentOB in belt^nvon The npnidlu 
of the itttor on which the dnving pulley ii fMteiwit u 
hoBow and the weight of the rotor u token up by llu 
diaft hwde of thla daave hdd by a ball bearing whirh 
u bfetfd hf a rubber buitfr in order to aquahro any 
nragnladtlei dnnng rotation 
Aa dtown In He 21 the hot gaa ontera th< apparattu 
at the point A pa ana over the water a oralain araouni 
of whHh tba gaa takea op by evaporation anil thin 

r-into tba tube B through tin eerratiaiu at lU 

baae During ita paange through thui tube the gaa 
and water vapor an ubjaeted to a thorough boating 
and by the action of the vaitea ( of Iho revolv¬ 

ing aleeve oaahig D faatened to the top of tin intirtod 
rap K. The gaa paeiea into thia inverkd cup whieh 
fat rotated by the dnvug deevi f and the pulh y 0 and 
then flowe downward, aruirad and under tin luwtr edge 
of the oup and then upward botw« n thi rap and thi 



clean pthnanly cleaned and cooled gaa to the degree 
neoenary for uae in gaa enginee The prlnelple of thia 
lyutem ooniuto in erMting In a vertaeal tower a very 
fine B|way or miat of water by mcaoa of an mieotor of 
the Kflrting type in which water under pienure la 
atondred by tneani of e u mprwa ed blaat-turnaee gaa 
the apray bemg produced by the eapandon of the com- 
preaaed gaa An intimate mixture of the apray lo 
funned with the dirty gaa entering the apparatua la 
obtained by the arrangement of the apparatua 

A aoparatur la provided m connection with thia ap¬ 
paratua whu h < unmata aubetantiany of a cone arranged 
In the lower part of the tower in auch a way aa to leavt 
ht tureen the have of the cone and the walla of the tower 
a verv namw paaaage through which the gaaea am 
furred over the aurfaco of a water aeal where the duet 
and water vapor are dcpoaited 

In the aeeompanying drawmg Fig 24 A la the ver 
tieal luwtr the lower end of whith terminatee a khurt 
ilutanie above th( tnirface of the water aeal D Within 
tbi lower end of the tower le arrangtd a eomeal de- 
riortor ( and near the top of the loww la the gaa inlot 
B lUe lower aection of the towtr 4 it aurroundod 
by a rating which w open at the bottom and extenda 
hi math Iht eurfan of the water in the aeal A gaa 
outUt I It provided in connection with the oulir 
I aaing The Kortiiig mjrotor la lot aud at F and the 
ft < d wall r fur aaini la tupplud through the pipe 6 The 
pniwuru la tupplud bv withdraaing a piuiuin of the 
punflod gat from thi outkt pipe F and fiming ilut 
bv the oomproaanr A through the pipi II into I hr in 
yt tor Himultancoualy with n tlream of water 

FINAL DHV CILANINO 

(Some of thoae avatenui lan alao he applied to pnmarv 
rli auing) 

UAiBrnrKK bvth cas-li vaniwo avarau 

Ihe principle of Ihi Halbirgir Bith ayatcin ahown in 
Fig 25 la baaed immanly on lllunng the gaa through 
ranvaa baga The gaa coming from the blaat furnaii 
paMwa through the uaual duet tab hart and gaa mama 
to a cooling tower when the tcmperaloro of ihi gaa la 
nducid to about lift dug Fahr The loohng towir la 
arrangid ao that thi noreaavy amount of cooling ran 
hi ai coropliahrd mther by wr or bv direct i onlai I with 



Fig 25—Halbcrger Beth gH cleaning lyitei 




MUr cwini H The ontcr lurthoc of the revolving rap 
b pnvMed irith cmiMntne didvea Ifpnd the outer caamg 
ffMItovidndwithilowawanillyfaidi^ahelvcB/ which 
rtoam the wnahhic wAter (mn the water a t w la d atufBng 
bdg/nndtfanMlhnteriMafwnterptpeaE Thewater, 
fnttag M the rnptdiy totMUW ahelvee of the cup la 
Ihfowii by eeMnruinl foree agiuet the inner walla of 
«b» «ufa« tetd thiBM flewi downwardly along the in- 
dbiBd Mvto, dni^inc on to tba nast rotating ahelf, 
nni ea on In tUa imy tba gee, wbda aabiaet^ to a 
IhiMiingh wUrfltW and beat»| nation, baa to paM upward 
tenril MMMI ttkoM of iMly divided water w ipny 
i«a ^ rntW P««dte downward, eartyliig with it the 

ApM»y«S5tagaa p atu hn fnni . tba apparatua meet- 
<l||>^dNidb y wMlteabltehg<haawia^ 
or An h icovtded 

Ftoltad «lih tnitabte drying 
b «ilM *h di)r Bto |aa hafbra leaytng 




water depending on the torapemturr of lUi gaa i ntrnng 
the rawlcr which timporeturc la natundl} vanabU m 
areordanoe with blaat fiirnara eondibuiv. 

From the cooler the raw gee by meana of ihi kiii- 
tion of a fan plaecd biyond the flibra or without a fun 
when the pnaram of Ihe gaa leaning from tin furnaii 
la luffleunt paaaea into and tbrmigli tiu ranvaa filter 
lug baga deponting ita impuntiea on tbr auifane of ihi 
bage TbaM cauvaa Bltcn am oimtumd m a senea of 
double oompartmcttta each uiuallv holding twelve oan- 
vaa baga in rowi of tbrao to four Itoch bag la about 
8 inohea In diameter by 8 feit 9 imhea long and la 
equipped with a ring at each 18 inrhea of ita length to 
prevent entae eoltapan of the hag when (leaning The 
baga am faatened into a atottonar} header at the bottom 
thii bottom end being open while the top u etaand by a 
eteal plate Bach bag b ooimmted with a ahaking 
meehaaiam kwatod cutiide and above the Utar compart- 
nient. and at ngubr mtervaU usueUy about every 4 
mbntea, dieae bage ate automatically ahaken, a compart- 
inrat at a time fee a period of from 15 to 30 areonda 
By aMHWof a butterfly valve, tba unebaaed gaa ii that 
ut (Hta tW ewtatetMt ilaUw b in ptta 


gn Ml and rlranrd gaa auperheatrd to tho proper tem¬ 
pi ratun of about 175 dog Fohr la fon i d under preaaum 
luUi th< (ompartment Thu rauMw a partial (nllapue 
of thr (anvaa liaga whitfa in iimjumtion with tlw 
Himultaneoua ahaking allowa the duat to fall from the 
(anvaa The wpanted duat drop* into a hopper hi*- 
math the iiaika whinre it u tranafemd by meana of 
a apinl I onv( vor to a bin from which it la Inaded into 
(ant At the ind of thi eUaning period tho butterfly 
valvi automaluallv ntunu to ita unginal poiition 
It u quite manaiary to keep tho lempenture rf th( 
gaa al about 175 deg liahr ea if mnih higher than 
thia ilun la dangir of amrehing tht bag whih if lower 
tho water vapor in tht gaa u dnpuaited on the i anvaa 
and prevonta piuptr flitntion In roae the gaa he- 
eomea moled below 175 dig Fahr in thi loollog tower 
It iH aupirhoalrd by means of steam or bv waato beat 
from till hot blaat atovia to aUiut thu tomperature 
liefom ontenng the fUtenng baga After leaving the 
ranvaa liaga the gaa nquina no further ehamiig (nr 
gaa cnginta and w moled down to the pnipir tempi la- 
lure m eoohng towtm of vtnoua ihaigna 

ihe degree of (kanlimaa of tbi gaa la indicated hv 
the ileanuMi of the eflhiint water from thm towini 
and no aotibng baaina an required Conaequently thu 
water can bp uaed over and over agamwhiehiaa materi al 
***iUm'^n*?uu1oU*' vSi” ifafer' l^"araml?'*IS^5?l!!P“ 
advantage luw m the non-poIIutioD of atmama the lawa 
n bting to which am viry atnit in mrbun dbtneta 
Thu ayatom utihxes the luafa pnniiple imploved m 
the bag house ayatenn whirh baa been uaed for the 
bat 20 yiara in oonnoction with nsovenng nne dual 
from the gaa iiwuing from aim oxidi furnaii a and ml- 
lecting duat from had amilten 

TUr KArNOOKAIH 

TUa inatrumi ut ahown m Fig 29 eonUnuoualv in- 
ilieatee the nblivo degree of ileaiihnaaa of the blaat- 
funiBU gaa gang to the gaa ingima and u extemidvil) 
uaid m Kutupian gaa-inginu sUtiona Qaa from the 
ekaned gw mam paaeia thmugh thu apparatua and 
impingea upim a rout inuoua recording I hart upon which 
the duat in tbe gaa u dopoiited The vanationa m Ihe 
amoimt of dual in tbe gaa an indKated by lighter nr 
darker Hhadea on the recording papir di pending nn 
the amount of duat dipnaited Ihi flow of gaa to ihi 
inatrumint w nuuntoimd iithir bv Ihi natural pnsNiin 

I f Ihi gw or if thia w nut auflli ii nl bv an wpimtiir 

II hind the outlet pipi Thi aixssl of the gw to the 
no/all u kept iimatont bv mi ana of a regulator aa ahown 
in aketeh the luiaa gw ovir tlu reqmnd amount 
ewaping into the uuikt pipi bv paaaing unikr a parti¬ 
tion and thmugh a aeal of wate r 

(To he oontkMU *) 

A UmqiK Uydraulie Plant 

A nmri power plant for mpplvlm. ikitric IlghtliiK 
liBN lieen pul In opemtioii fii Aimirolln The wafer 
lamer la deilved frim an arlealBii will from whirh (he 
water Iwuph iiikIpi great pitasure When abut down 
thia pnwiin rreehm 270 poniida and the workliig 
premun of thi Jet la 100 piiinaB Ibla pmemn la 
ulllliged III two Iiffel whisls which drive two djniiniM 
earli of 10 kllimatla lapaeitv width oupplv current to 
a direct turrent (wowire ajatem mmprlaing elght> lio 
randle iKiwir nu ml fllament hinipH tin nnmlirr of ion 
aimiirH bilng tweni) flvi and the voltage al cnuHiimeia 
ti iminalH 200 volta 

UtilUag OM Eqaipaeat 

An Ingiiilona way lo utlltie old equipment wna re- 
centlj rteviaeil at a Jiowir atallon plant In KanaOH Ow 
ing lo addltlona made to tin pliint a larger amokeHtiik 
wna reqnlred and when It wna completed the old atnek 
which waa of ateel 8 feat in (Hameter and 200 fret high 
wna int down to a height of 1,5 fi>et anil the km 
er part relnfUroed by hoUer plate All opraingn wire 
okueil and ttglitly calked and the old cblmnev waa 
thuB ceovecM into a very eOMent water tank at a 
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Roman Technics and Industry in Early Gerniairiy 

A Commercial and Technical as well as a PoUtic^ Conquest 


It hiiM iNM-n mill tliat It w«t not love of conqneet bat 

... niHMmlly thul led Rome to advance Oiialiiat 

tlu> Oerniuiile tribes Hlilrb were cuuatautly puahlng 
MHiUiward. An Ihwe tribee were eubdued Itoman nwoy 
extended llnl to the line of the nblno and the Main, 
mid nnnily to the ahorea of the North flim. The BomanH 
ow-nl the victory, It le claimed, to tholr onperlorlty In 
the nianufactnrc of weapons and toola and to their oldll 
In the building of military roado, brldgeo, and tortUca- 
tloiio. After tho Uermaus bod learned these arts, ac- 
cordlug to thin theory, they wore able not only to drive 
the Koinans out of tho conquered ptovlnees, but soon to 
aiipoar os Boaters on the other side of the Alps. 

Cicero called the Alps a natural wall of defense 
Bgslnst the barbarlana, and when the campaigns sgalnst 
the Oemuinic tribes began the Roman legiona found 
I bene mountalu cbalna s tronblceame obetade. Ilenoe, 
tbe Romans were driven to the bnlldlng of roads over 
the mountains. Tbe Roman roads, all of which started 
fioB tbe capital, have been divided (nto ruada extend¬ 
ing to Africa, Aoia, tbe Iberian Fenlnsnla, the Balkan 
I’cnlnoulB, and by vray of Milan to Oermany, Gaul, and 
Britain. In the era of lu higheit prosperity the roeda 
of Rome wore donble the length of tho eqaator. It was 
Olio of the prlndplv* of Roman road-building that a 
road connecting two placm Mhoald bo straight, without 
regard to tho necessity which might thereby arise for 
bridges, the ptordng of moantsloa, or the crossing of 
swamps. The roads had footpallu on each side, were 
from over thirteen feet to nearly twenty-three feet wide, 
and sloped toward Ibe sides. The materials of the pai- 
tlcnlar neighborhood were nsed as far as possible in 
tholr construction. There were nine roads across the 
Alpe In the reign of Angustus. One iMd over the 
Great Nt. Bernard (N.IOH feet high) from MedloUnom 
(Milan) via Argentoratum (Strasbnrg) to HagontUenm 
(Malni), and waa only for park-anlmalo, not wagons. 
A broad wagon-road went over Ibo Spldgen to Bregena 
aitd thence to Vlndeltcorum (Munich). The Bomani 
seldom made tunnels, one of (he few being that between 
thiteoU and Naples. 

According to repnrls lliut have mmn down to os. 
Osar seems to haro used acetic add for hsisening the 
nwk In llmostono muunlaiim, the Htatement being "he 
burned away lbs rock." I,Ivy's reference to tbla la ex- 
pbilued by von Vcitbelin, thus: "Great plies of bumlug 
wood were set cIomb to tbe rock hihI It wis sought to 
direct the ilnifl of nir so that the flames played con¬ 
stantly against the nwk, and when this was red hot or 
St least very hot and friable water was poured uiwn It. 
so that tile sudden eoollng night s|iUt It more thor¬ 
oughly." 

Humo Interealliig statementa nwiiecUng Boman meth¬ 
ods of coDHtroeting ronds^ buildings, and fortUlcalloaa 
In what Is now the (lemiau Kmplre were inade ta a 
paper read last April before the District BngtnoBrlng 
AssoctaUou of llerg by I’nif. Dr. Jakobl of MUwrfeld 
and published In the ZeiltchH/l des Veretses deulfofcer 
/weafssrr. Brut JakobI Mid; 

"From Mains, which was a great stoiehonae for mlU- 
Ury .equlphieiitii, flue roads ran to CologiiA Trier, Wlas- 
badsD, and tbe fortreM of gaalburg. The road from 
Mains to Cologne was bnllt on a dam 9 meters high, 
8 meters broad below and Q above. Other roads ran 
from Cologne to the month of the Weeer. Cortoroy or 
wooden rogds were laid acnes the moors, and the re¬ 
mains of raeh a rood were found by Hannna^Mif dm* 
Osnabrflek, and given to tbe Oeotachee Mnwom at 
Monlcb. This wooden road, abont tbreo maters bread, 
was somewhat like a nllrosd track. It consisted of 
two parallel limgltadlnil beams on which the cruos 
blocks of oak reeted." 


AirienHanl F^ftUben 

With tbe cnttlng off of the potash supplies fram Ger¬ 
many, whose rich deposits have been relied on by mativ- 
fsetnrers of fortUlaers tbronghout tbe waM, people 
have been busily looking about for othw smucm for 
Ibis necessary chemical. One of tbe 9rst dtieetloMi In 
which people have turned is to kdp, which is available 
In great quantities on our western coeat, and several 
projects are on foot to ntlUae this apparently inex¬ 
haustible supply of raw matsfla]. Tlmn are, however, 
other souroee from which potadi guy be obtained, gnd 
altboadi no gredk qnantltlsi oro to be expected In UUa 
dlieetlog, still In sobs localities the nae of wood sabee 
might bs eonsMored with Adrantaga jw 

(Mm peepU wlU ransoibM tha Uttls faMkaatas at^ 
tadwd toevsry farm and to.magy hesMe Intta mmHIm 
towns where Wood was need aa a fbol In wUeh an off 


Tbe Uomans preferred land travd to Joemsgra by 
water; In going from Bmns to Spain the hMf land rente 
was ebusen ralber than the trip by sea. Oooaeqnently, 
the art of buUdlng bridgos woe higUy dove l epad. Tha 
mortar of lime end Mnd then ordinarily OMd cooM not 
Iw employod for the pillars of bridgsa os It needed air 
fur hardening. t><isxnnlaiia earth and tiase whldi set 
under water like cement wore, theretor% need hy the 
Romans In bridge work. The foUndailoim adU exist 
near Bingen of a bridge with arehM bant 70 B. G. 
In bosae-boUdlng, beridee quarried atona briek waa 
largely naed; In Germany the Meks were me i iulh ctur Bd 
by the legloM and bine the partlmilar laglon'a itanux 
In Interesting eontrset to the Roman honsee ora the 
Mnall stone bonses of the Lflneborg Moor whkh are 
snppasedly of early Germoiiie origliL Tn tbeoa the floor 
and ceUIng ere mode of dibs of atone over three feet 
thick. 

The Rhine, Main, and Doanbe may be oalled the 
northern bonndary of the Boman Bmptre. Strong fortl- 
flcatlons were erected along this boondary aa protection 
against tho Gcrmaule tribss. tn front of theas fbrtlil- 
catlons ran a dltifo with heavy paUmdee, and In front 
of tha ditch extended the Idmes, a strip of land abont 
120 feet wide and stripped of timber so that tbs ■P' 
proech of an enemy could be eten. Throngb tbe re- 
HeervbeH of tbs Gennon Imperial Umea Commlaslon It Is 
known that this protective etsarlng extended tor BOO 
kilometers from BSnnlfon on the Bhlne aoetwsid 
across the Tannos, reoidied Its most northern point at 
llalnhana, c r ossed the Main at BeUgenatadt, and went 
on to the Oannba by way of tho Odenwald. Thera wars 
euttanoea on the Idmes at many spots to permit IntM- 
conrae with nelghbora These entranoogates won pro¬ 
tected by sqntio towers, ^nefolly a story and a bolt 
high. Trnoes of abont nlno hundred sneh towera hgve 
been found. Tbe fort re gsw or eaitlea lay abont 900 
meters behind tbe Limes, and the remains of sogw 
eighty of these fortresses bare been diacovated, the best 
known being Ssilburg Csstls^ near Hombnrg-von-der- 
Hflha 8aaltHirgwtsbulttA.D.U and tor nearly three 
ccutuiies was <w« of Rome's atost Important atrongbolds 
on the Rhinei In 1808 a tborou^ Invaatliatlan of the 
mins was (Wdered and In 1880 the reconstnctlon of tbe 
Kaalburg wns hosuii the plana Mng boagd on the 
mains and historical drawlngx Prat JUobt deecrlbeo 
tho castle thus: 

"Tha castle Is a rectangle with rounded oornera 992 
meters long and 147 meters broa<L Porto deon- 
M«sa, on the side away from the foe, Is 0 meters higher 
than the Porto pnrlorto, the entrance toward the foa 
The endrallng wall Is about TOO metoro long And 5 
meters Ugh- The Bomans opeqnd two qoarriea from 
which they obtalped tbr quartalls blocks for tbs bnlld- 
lug. Tbe Bme cams tram BeffcershstoHm-tho-NMda. 
The bricks were tram tbe brlefcworiu of the Twenty- 
second Legion at Med-on-tbe-Mala No romaJim of tbe 
hobUng BBCfalnety used have bean fonnd, hog VUrarinu 
boa described such based op tbe pnlley. The dBahee 
before the Porto deessMse who a r oosed by a heldfle 
with a wooden laUIng. Tbe Porto dopiimoae hid a 
tower on both aides, tbs uppM story o( the towers hUpg 
uulted each with the otbM by e protootad paaiBewey. 
The S-meterwlda walk along tbs woU, wblA mu pco- 
teeted hy ■ breoat-hlgh paiapet, could be rmmhed ttm 
this passegaway.” 

The third of the tottrouM toward tbe friendly m»li 
Mid to have been exiled the next eenu the 

Lotore prrforii, the central hertten; then tbe PcgtoW 
tors, the eeotlon on the boetUe side. Tbe JMeetaru 

cimtalned Uw OiMftoitosa tha heMneu oOee otOe bet- 
taltojB ehere Bie aoUtors wane paid. Thue were <o«md 


tbe wood aehu were oorateUy p p ut r ond. Ihle fugmA 
the oouroe of the Potaeh nui ta ipammmklag, 0 the 
Ume whw Bhoy .Aumers mode lh0c 0!w» iub: cp4 
moey geoide «toa4 tom. «rphm op BtoA toaiSae u Ito- 
tUtow. Tim unto oowaoa ctiatoto. lumefu, em«t to 

remote oonuaenltlu wu to aril tbMe oshu to totomto 

ooUecters, who traveled thioetok tbe eoeatiy Ip thg to- 
terest of legnlor nanetoetanKf of potato, stol tcom 
thsss cams the geegtow ppctlon of tbs potato ased. to the 
earlier days of 00 090^- Hardwood aoh to tohto 
ritoer In potaoh alto IhaMatowoed atooa and torn toto 
tody kind that bU a mtoM .toMa allliflWgb toy 
oppltoatloa to tto la)44Pt UM 0 oiM A tottoc, Cta 
,aoae; ai4 white thito00Itolotoltotodftoto 0f|to 
now essd u a toot to Wd te toM tolMiitotor,to->totoa0i 
atntoatloa of tim tOhto to MtobOd MB tote to 
to tha oxoaeMu toot Hie fla M0 toito tow to0«Ato- V 


boro DO loM than one bandrad and flftf ebto. hfltoto. 
many wrltinrtebtota papyrw lolli, and toktolinda. 
Tbe Borrewm wu a etoncoeu tar pcovtotona and'hold 
the ttotw of grate {In a dork part to tt iNto Mto ttm 
fresh and maoked amat and gama Tha POWoHeiinli C 
gronp of helldliida'Bb meten long and 49 BotOM lwt(bd 
through wUto nuia tha road ivauectlnff tha twu otte- 
gataa tt oontelM tbx onewiandorh honhO, the otoeb-, 
rooei (or oqnlpnMnta, the drlU-baU, 4d9 egean laptare 
urga and teoloeM tbe Atrtm, aa epea oouto (to ttb: 
ofltoMa te the oqnlpBint cbonber were (00(0 
ratn tor war of oU ktedo, eiperlally helietofl' ehl 
waapona By the eld of extoUnr nomIm and ttodltlHi 
soaoe of the wxrmnglnw, ento u utepnltai wiere teMto- ' 
stnetad, which wbw tcetod wotoad eoeeaeateMy, 

"North of the AMss" oontteeu Prof. tokoU, *90 
the senotnary (flaoeUem) to tbx ixrrtoca wtoce the 
■tendaida were ImpL IlMW wore voamMid hy the 
Itoman aoUten with a worohlp alMllnr to a toento w r 
rice, On both ihtoa of the oonotnaiy weret tottttbtom 
tor tho gnoide which eontd be buted. The iNhttok 
oppaxatM wu arranged w (oUowa: Tbe brMt Uat, 
which lx ooveiad with steoter, raeto on atone plllaia ' 
meter high. Ontiide, protooted by a projeetteg roo^ to 
a snnken fltwboto In whloh ohuooal to boned The 
gUM wblto pour ont flow aloag undo tfex flooctegi 
which thay alowly warm. Tlmy ora, then caiitod off by 
vMdcal ptpea An oapuliDontel tato of tbe taaen- 
stmoted heating appaiatw gave exeeUent temiBa; A 
reeoostnictad oven otoo proved to have been e o c w e tly 
Boda Aa tertber pcoteettoa egeliat inriiutnt matter, 
the roama of the eotole had gtou wlndoWa. Jadghto 
frmn the tenttea of gtoaowocke on the Nttiatg la tito 
Tannoa, tbx glow need at ttx caotte, wbeca It wu tow 
bktwp,, ww a green lo d a-g l au* 

Muto care ww glrea to the anpply of water both far 
the eeatlo and the snrroaiidteg dill poputotlon. WolM 
were dng and, beaUeo, water wu broeght turn the 
neighboring nraantaia stnotei ttrongb boUowed trae- 
irnuka or lead pipea Tto romalu of fonmou lor betth 
found at Saalbarg correepond to ttoee hnown at Ootogne 
and PompelL They are well oonetnictad tor their pur- 
|MW and permit wortB or ooW water to be toned teto 
tlie batba at ptoatnia In the toghty weUs of the dtU 
settloment ourroeiidlng the fortreu of Booltterg nn- 
uerou tohoos of a vantohed driltoattm wau faund, 
such M boohs, rolleri, edns, handtoo, bntoeta, and 
sboea Aumg the Oboes weee eandels of wood and 
leatter, low and high Bbeea toead aboto, a(a Tbambou 
were made of MattM, tanned In tte moat vartona wpye^ 
from deenklia goat, oalt and nut aklna “"wt**",;. 
for grindteg grate were atoo fonnd, Xdim far hsMAmfiti, 
soaee to be driven by dnughtmatanto. 

The soldiers bslonglnf to tbs loitrsu te ttslr ftu 
Ume wecfcsd at traOss, bat the main tednatrtel acarity 
wu natnially te tte dvU ssritoteut, wbacm b^de* 
Boema awcbuleB, tradcuMn, and taven baepeca ttore 
wws otoo Utdton who had aarved ttdr item. Itoil0 
tta ageantlaM the otolor to a toiem wu nweverod 
and to It was faned a targe nombu to eotna dritotoji 
veueto, end botttoa The Satohnn Kwaan oatofOBda 
coitodtoa totootothathevebnbdageiaaa bammin, 


Occugw ttm tta Itotoyg to tte MUtt Utoa dad 
Bhtae caiM to tte factriu god aafttommtfe xe biiito 
sMng^a aaih aitt ^ghwa far facto, ddhtm grirttod 

dTttdbl^il^ttNtoWffqai^ 

if Bfa.^to# 0ttbtoW ltond0|afH.»r 


toffMia fawd dtotoh (fatox totoa eoltom Mtof Ai 
bol^ln MllAlMilli ' 

tta. 0X0 Bttu a W 
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Biochemical Systems* 

And Their Function in the Development of the Organism 

By Prof. W. Bechterew, of the Imperial Academy of Petrograd 


ban tHMI mpImML Tat, tte tanpertann of «awi>tl 
tta inoM of aatanl ntaetlMi, tboaali gcMt, 
la to ttat .of tbt totanal oawM oC Om mrla- 

tkia Vkkh nak* Ih* pfoetai poMibte. The latter am 
tbaMe(l«aleal pnaMHa ol nntrttiw aad 
la to«ai<« to Plante tola atetanant laqnifea no elabM^ 
aMh Aw tt la «aU tawira that tha Iocm and oolora 
at laanaa an a*tated hr ehanteaU applied to tha raota 
a HanML fha onaatlOD deoanda moN pnAmiid atiidr 
to tlhaaaliBal Uagdan. whan tha prooaaaaa of nntzltlaa 
anddmrth an Boaa ooBVlai. 

Tha ■ a n a nl Itotoanea ot nutrimant on daratopniant to 
wAlf knom. and aaautoH n aea r e h aa ban aatobUihad 
a eottolhtton o( tha btoebamleal ptooaaa with tha growth 
BBdAoWloiUBantof oartaln otgiiia. Bvary organ ponra 
Ita waolfle aaenttin into tha blood and thna alteeti tha 

The greataat imtaance la axertad by the anoallad 
glahda 9t totanal aacntion, Indadlng tha Uvrold, pan- 
thmld, thmaa, pinaal, hnuphyala, anbgaatrle, adnnal, 
geutol, and othar ^nda. Santa of fhaae opitoae eit<<h 
otiMt Tha aacntlou of tiM tfa/rold, adranolo, and hy- 
pophrala tocMaaa tba toniatloa of lancocirtea and tha 
allatoatlaa of nagnrtn aalta, whUa the ai^atrlc and 
parathprold aeeretlo M prodnoa tha oppoalta dfeot 
Oattoto glaada exert a qwdde action on aallne ax- 
ohangiw. tojaetod extract of hypophjaia dhninlabaa 
etoalnatlon of ptKavhoraiia hy the kldneya and IncreaBaa 
Ito altoitoatlnn hr tha bowela. Thjmddlna Inoreaaea dln- 
toatton at pboa^wraa and caletom by tha bowela, and 
of nwgnaatoni by the Udnarn. Bamoval of tha pan- 
thyrolda {a fOUowad by InonaBad dlintoattoa of oaldniii. 

The pamiw Inflnouiaa of tha glaiida are equally 
rtitoqa. In ganenl, tha gUada that attomlato tha cen¬ 
tral narropB ayatam dapran tha aympntbetlc ayabem, 
and oouTaraaly- Tba aobgaatrlo and parathyrolda atlm- 
olata the oantral and dapnaa the aympatbeda ayatna, 
whoa the adranala, thyroid, and hypattoyala act In 


and each other, through the ayauntbetlo n>toBi which 
owniahli than. They alao alfeet the blood vaateU and 
tha ahaoteto and ralmtlra nuiabeta of ttie Turlona aorta 
of l a nweytaa. 

Tha gtatnda act on each other by BMana of aacratad 
anhitnneM which atarltog haa named "honaooaB.” Aa 
a •ananl, bat not torarlaUa rule, each gland tliiia avta 
on thdycBa othar diand. 

Tha antogontmn batwaan dlOareat glanda la todlcatad 
by aaangr dlnlcal ahaarratlona and Naulla of aaparl- 
nant Tha orarin retard tha polaa and tha forauitton 
of hentk hath of whldi are aocalaiatod by tha thyroid. 

Tha a aa iln an alao antag nhtl c to the adnnala, 
bypchhiala and bona marrow. Adranallna and ehoUn, 
aaaraM nwtetlTaly hr tha oeatral and parlphaial parti 
of the Mmnliii Utogaiitoraachother. ThaoorraUtlon 
batwaMi tha Ihyndd and tba thyM la yaqr arldwit. 
Tht thIftoU aata to omomI with tha adranala and In 
lyltoghiihn to tha aahinatEle. ■ypaterophy of the 
tkiWM to iBianpaidad br hypatonphy at tha caatnd 
im'l*. to* *dnMln atol toyeoanrto ia oanaed hr the 
cnpWMO Mtka ad too toan«Md aaoraUana at both 
glatoto dia tolaohan of ndranalln prodnoaa glyaiianrla 
to n uantoldag, bit Mt to a dog whldh ho ftated thna 
toyld ttote ahlatton of tha thyndd. wbila tha maoral 
wtgo lrto taoreiaBB toa 4|oaBarto aaoaed hy 
OtMtotot totooMak at adranaUn. totollar antesonlama 
nfto iMtofaH tha toyiaU aad hymikyBla. and between 

ttoitfnpd* *** 

T^tointo tfa* totnaan ttepatpholegliml rarlatloim 
at % topln maajaw n* Maoral at tba thyroid 
lihhtototo * htoi g l a ptodnote a ateto at enttotoa, with 
itoNito* ** to* toitatan nhd.ntordatlan of tba teoceaa 
dliiMiliitttoi tatoma ac tha hAMphnto piodaca the 
U* gigBhtlaaa. Aoeotdtog 
#l|| nill|iato aahto the tomadtotn at- 

w nt to i i * ban 

tokjitoto^t-^* nMotiT* taw 

Madder, 


acramagaly, while Inaufllclent Mcretlon producea exeea- 
airt dapwdtlon at tot and atrotiliy id tba genital glanda. 

An Iniaeiiaa of tha pineal glaiui upon the formation 
uf the ganltol organa bo racantiy ba«i Intomd from 
the very praeaelona and exaggerated deveioiiiiient of 
thoae orgau that toUowe lortons <d the gland. Thu 
Ingnenoa of tha teatlclH oa growth and the development 
of aecooilaiy aaxoal charaatm la well known, and Is 
eailly demonatrated by exparlmenL The dfecte of eaH- 
tratloo very early In Ute Indnde a atrlklng defldenuy 
In hair and other cuteueona eppendafea, didtolency In 
tot, altorattou In the throat and vidca rtanaee In 
the color of plumage to blrde, etc. Them Mtoctu can 
be pnventod by Injecting en extract id laetldeeL The 
InUnanoa of the aeeretlona of the liver upon the color of 
the ekln haa long been known by dlnlcal obeervetlon. 

We an compelled, therefore, to edmlt the exfaitence 
In the organlmn of certain bloebemieel ayatenu cooalat- 
ing of the ectlrltlm of varioua glande. The formetlon 
of bone and mnscle, for example, la promoted by the 
combined action of the thyroid and bypophyala, while 
thla action la oppoaed by the ovarlea. The developmeiit 
of entaneona appendafoe, aubcateneoua tot, the mam¬ 
mary glaniU and tba larynx la aCacled ty the genital 
glenila and the thyrdd. The coloratloo of the eldu and 
Ita appendagee la related to the activity of the eoler 
plexoa end the liver, Moacolat atrength la Infloanccd 
by tha ganltala and adrmiala The development of tha 
brain la proporttonal to that of tbo cortical layer of 
the adrenala, which aecretea cholln. Slnelly, the torme- 
ttou at the gmlUl organa la related directly to the' 
activity of the bypophyala and, 1cm dlnctly, to that 
of the ptoael Mend. 

Individual, aexnal, end lacUl diffeteaMwe In man, end 
dlfferoBcea between nnlmal epeclee, an doe chiefly to 
different couhlnetloiia of the tocton deecrlbod above. 
The oombluatlon Im determined partly by croaa-breed- 
lug, and partly by external ooudltlona. 

The great and long rccomilaed inflnenco of crtaalng 
li probably due largdy to a combination of glandular 
rtemeuta In tbe embryo and action during growth. 

Thla view Ic aupported by the fact that heredity 
preeenta, not a comUnatlan at all tbe cbaracteta of both 
parmta, but a loleatlon, which corTeapoDda with the 
charaotorlatlo funcUoua of certain glanda. A etrlkiDK 
Mample la fumlolMd by mjcomlary aexual rliaractem, 
which are often eo dlatinct that they might uoiilly be 
taken for attrlbutea of apectea. Xet they depend ewen- 
tlally on the p r ee cnen of teaUclua or of overlea. Other 
examplee are furnlabed by glgantlam and nenhuu 
(dwarflabncai) which are aometlmea hereditary. Them 
pecnllarltlca are canead rcapcctlvdy by exccaalva or do- 
fldent funcUoual activity of the bypophyala and thyrolil. 
In both caaea the heed la out of proportlao to tho boily. 
Glanti' haada are uanally too email and dwarto' beode 
are too large. Thla fact la vary aianUcant, becanne tbe 
oedput ia tonwd from connective tlaane and not from 
onrtlUge^ tha devdopaient of which b detennlucd by 
tha acUvUy of the glanda U quaatioii. If g l ga n t b i n 
and nantan were eauaed hy more gananU toctora all 
gfamta would have Urge beada and all dwarto would 
have amaU hcada. 

Throaghaat the enlmal kingdom, but eepectolly In 
blrto, tho Uvely and quarrebome dhqwaitlon of the 
male, whlok la manltortly due to the action of tbe 
eexual glanda, b aaaodated with pccoltoritlae to tha 
devetopiiieBt and color of tbe plnmage or otbai outon- 
eooa appeadagte, and both phe o om e mi are exhibited 
moat oooapleiKMdy to the breeding eeaeim. 

Theae facto prove that the dlSerencm betwenn ipe- 
dea, racee and indlvldnala. Including dUferencea In tam- 
paraiiwat and laontal chartoter, axe cmdltloiicd largely 
by toe toflaeoce of glandnlar aecratloim. 

The activity at toe glaiide, hewever, la altoctod hy 
axtarnal aunnblne, humldlly, food, and toe 

general coiAtUBBa lUa Oartato butterlllai, long re¬ 
garded aa dbttoot epedaa, have been found to be qwtog, 
anaraar, and autumn varletlM. Many ohaarvaUoni 
prove that ate altered to clae and otow pacn- 

Heicrim ^ chaagte to dtmato and ototr aatonal oos- 
dlttena That theae altertUaiiB aae caused by toe agmey 
at toe gtonda la proved by toe prevalence of oietto- 
1 am, —"I— , and goiter to eavtato dbtrlete where toe 
devetopaMOt and aetlvttz of tha thyroid art aflhetod hy 
ntenal toe^ whlto have ant yet ban Idenltoed. 
Tbiae era patoaloglcil caaaa, but they dilte only to 


u tbuonnal. The caan that I have examined show 
a ehorteulng of tubular bouea, eauaed by thyroid iu- 
anflldency to the period of growth. 

It la more Important to know If toe gUndular ehangea 
eauaed by external faetori can be tranamlttod to p«- 
terlly, for auch IrauamlaHlun would explain tho evolu¬ 
tion at men and apedm. Here we oacoonter toe greet 
lirublcm of the Inheritance of acquired duraeter, wbloti 
liarwln udmitted and which the neo-Uarwlnlaiia, head- 
nl by Welmmann, deny. Aeourdlng to Webmnann'a 
Kenn-planm theory, the omnlion neltoer tranmnlta nor 
acqnlm anything non a pradlapoaitlona the ao- 
called acquired toamotom being merely local or gen¬ 
eral allorationa produced by external feettex. Many 
modern blologliita, however, agree with Darwin. 

The prvblein haa beem dbeuBoed moot dearly by Tvee 
Delage, who dlattnanlehee three cUuwea of acquired 
chametem: mntUatlona, which are never tranamlttod; 
effeda of uae or dbosa, the tmoamlaalon of wlilch hen 
been neither proved nor dlaprovcd; and effecb of con- 
dltlona of life. Tlie third claea includes pathologlral 
loudlttona, auch aa Inflammatlona and epUepay, the 
tmnamlHHlnu of which was apparently proved hy Urowii- 
Mquanl, whoee reeulta have been confirmed by aume 
Inter oxperlmenten and contradicted by othera. Delage 
dlMtiugubhee bm certainly horedltory all dbtoeaes that 
affect the reprodni-tlvo organa and all Infectious (Indud- 
lug tubetcniosb) that can be transmitted with the 
Ncxuel productM. The trammtealblUty of other dlseaiies 
Ih illfflcnit to prove, owing to tbe nncurtaliity. In many 
imHCN, whether they are congenital or have been ac¬ 
quired after birth. In regard to other effeda of ex¬ 
ternal condltioua Delage himself b In doubt, owing to 
the dlnconlanco of the nbeervaUuna. 

Btandfnu found lliat changes In color prodneod In 
certain butterfllm by temperatnro were transmitted to 
tbclr deeceudaulN. From some butterfilee (Vauceea), 
whb'h chnuBHl lolor tinder the Inflocnce of n very low 
temis>reture (23 deg. b'ahr.) he obtained 4't dcMcend- 
aiits of the llrxt generation which ehowed Ibc aainc 
change In ctdor. Of the eight palm of tbcec deneend- 
iinlH that were nmicd one produced a single sis'clnicn 
tltat preservHl the aciiulred cdoratlun and three that 
deviated from tbe normal In the direction of that ctilor- 
Btlon. Tho progeny of tho oHiot seven imlra wiw nor¬ 
mal. Fischer found that changes produtvd In tbe color 
iind evoii In the form of bultcrfllcs' wings, by expostag 
pupm to a temperature of 14 deg. C-enL were reproduced 
In 10 per cent uf tlu>lr progeny, end I’Iclet baa obtained 
simibr resulto with alterations pnaliawl In hnttefflles 
by abnormal diet 

lly exisiaure to nhiionoal temperatum Kammerer 
causetl the normally vlvlparoiw black aalamamlcr to 
lay egipt nml tbe uorroally oviparous spotted salamander 
to bear living young, end these chaugea in habit were 
transmuted to toe progeny. A eurloaa change of In¬ 
stinct, artlflelally Induced in a apedea uf frog, was 
similarly transmitted. 

IVelssmann explains thceo roonlts by the influeace of 
external fheturs on toe germ plasm, but. In view of toe 
facta described oerller In thla article, 1 am Indlned to 
regard the direct action of thoae fectora as being ex¬ 
erted on tbe glandular eecrettoua, which may. In turn, 
affect the germ plaem. At all events, tbe tranamlaslcn 
of certain acquired cbaroctera appears to be wittlad. 

This makes It possible to tree the theory of netural 
selection from Its great blemleh—the element of chance. 
It boa always bean repugnant to meet. In a theory of 
rigorous cauaaUty, the hypotbesla of accidental varia¬ 
tions which became fixed because they proved uaetul 
to the spedee. Whqt la the origin, toe cause, of these 
varlattonaT It aeema laanfllclent to regard them os 
resnlta of chance. With the recognition of toe part 
whldi toe gUBdutor lyatem (days In the organism wo 
become awara of an Interacting system of pbyaloo- 
chemical forces In which nothing ia left to chance, The 
vertatlona of equilibrium of these forcee under the tn- 
flaence of external tactom determine lodlrMuol differ- 
encea quite ddtoltdy. 

Little la yet known of the nature of this equilibrium, 
end Its vaiiattaos Induced by external condltlona. In 
genenl we know that abnormal glandular acUvity 
oanaea toe provalenca of gdtor and nanlam to the Bwlaa, 
Ural, and Oaucaans mountatoa, and to tba nanhas of 
the Voigg. A more prafonml atndy of toe etiology of 
tbcee maltdka, and of crettolaiB, myxoedama, and Baae- 
dow^ dlaMa4 will nlttaiately fotnialk an eapianaUon of 
tha totanal oanaae that ngolata toe devdoiimeiit of 
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Oxy-Acetylene Welding 

How to Make a Complete Oxy-Acetylene Welding Outfit 

By A H Waychoff 


The outfll ben deeinbed wii made eomplete by the 
writer who fill the need uf an oxy arntyb ne weUms 
outfit yet waa unable to I uy one owintf to thi blirh 
pruaa eharKed I v the mannrai turen for tboae outflta 
AfUr p naidiralle eipenmontiug and the oonatructiud 
of MViral devi <b I finally wu able to make thia ontfll 
at a very email ixponio m oompaniK n with what thoy 
generally eoet 

Get a new or aturnd band CO-gallon range bofler A 
and plug up the hole m the bottom 1 hen aa cJoae to 
the bottom aa puaaible cut out a hole 1 in hen air n B 
and fit It with a band hde plate and yoke aa ebiwn 
Ihlauforthepurpoae ifphaningoutthaBodininntwhhfa 
la formed by the earbide droppmg into the nater In 
the ludo C whirb la already m the boilor acrow a abort 
mpple an i llww and a abort length of H mob pipe 
and on the end of thia ] ipi place a globe valve with a 
■mall funnel aoldond on The top uf the fuimel ahould 
oome about half way up the I uili r This is for the pur 



Pig 1—Acetylene generator 

poae uf filling the boiler to tho roquirod height with 
water Next gat a piere uf 10-inoh pipe 0 for the 
lariudo tanlr about 13 inahea long and with a fiangi 
acrewed on eaoh end Cut out a h(le in tho top of tho 
boiler 10 inohea ra diameter and nvet the earl ide tank 
on aa ahown in Fig 1 uaing a load gaaket between the 
flange and the top of the boilir at A to make a pip- 
feotly gaa tight ]omt Make a h ipir F of 30 gage 
galvanired iheet win which will ]uat fit imade uf tlu 
I arbida tank D the bottom i art of thi hoppi r at 0 
being 3 inohoa in diaini ter ] aalen tho hoppor to the 
inaide of the lank aa ahown by meana of about four 
amall atove bolta Next gut a <over plate N to fit tlie 
top flaafib of the carbide tank D and tap out nt one 
aide for a Smmh plug / for filling the < arbide tank wiUi 
fradi material Drill anithir bile in the center of the 
head for the foed rod J to work through 
An old gaaoline eoglno oyhnder A with platan la 
mounted on the top of the plato H aa ahown Ihe 
feed rod J u made of a pieoe of b/S-moh atecl rod 
rhe valve / la a piooi if hard wood 1 inch Uu k and 
conioal ahape an aa to fit into the bottom of the hopper 6 
wIm n eloaed ( unneet Uie feed rod up aa ahown one end 
to the valve L the other to the pioton In the eylindi r A 
A galmuied aheet non tube 1 m ih uiaide diamrU r tf 
having n flange aoldered on at the top atO lafaaUneil 
k the top plate H by machine aorawa and at tlu botkim 
of the tube a funnd shaped pieeo N abonld be solditod 
on wbu b lovera the valve A ao the carbide cannot g t 
on the top of It The apaee betwemi thia valve cover A 
and the walla of the hopper should be about one half 
inch Thu tUowi the carbide to tell through when the 
valve u open Next tap out for n aerew-eye in the top 
of the puton to whioh u faati ned a oloaed ooil aprug P 
and a hole la drilled and tapped through the oyhnder 
head lurahand sorew Q whi h u fiatened to the ipcliig 
aa ahown At R mount a gage and safety valve The 
gage can Im an irdinary steam gage legtotemig at 
least 10 pounds prassme at 5 fit a balMnofa {dpe 
wbuh should bo lonneeted up with the oyUnder K aa 
ahown - Next got a piete of 4-uioh gas pipa 13 uieh« 
long r for the flash book urMtar and lit a oow on 
each and and Up out fl inobea fhnn tha top for a mall 
dram oork V 1 hen run a pipe Y tram tiw tank 
through the top plate and down withm 1 inoh ti tho 


bottom of Uu amater aa ahown by tlu dotted Unaa 
Sorow m an outlot pipe with an oa^ valve aa ahfliwn and 
a abort pune of pipe having grooves ont m it to whioh 
the hoae to the toroh may ba eUnpad on aeaunly 
Before eperatmg Uua generator go all over it to leo 
Uut all the joinU and eonneotions are gM-tight 
may be done by putting loapy water on iD the ]ointo 
while there u air or othar preonire in the geMcator If 
all ooniuM tkina tie tight W the generator with water 
up to tho level of the fnimal through pipe C and eloae the 
valve Set the safety volva ao it enU pop at abont 30 
pounds pmaaure Then tooeen the epnng P aa miMh 
aa poanbla by screwing down the band acraw Q Re¬ 
move tho flUmg plug / and fill the hopper with one half 
iiM h lumps calcium oarbide Put the plug baek and eloaa 
the outlot valve on the fleahhack amater Gradually 
tighten tho apring P by meane of the hand wbaal Q 
wilt h draws up tlu puton nod opeaa the valve oUowing 
a me larbido to fall into the water Tbu gencralM the 



aietylene gaa Uu preoanre of whioh ooting Unoiigb the 
pipe S fnmea the piston K down ood cloaea Uu valve A 
Uy a few ixpenmente Uu spring can be adjnated to the 
proper tension ao that Uu preanre on the puton will 
automatically close Uu valve aa aoon oa 7 ponndi prea- 
■ure u reached in the generator Seven pounda to about 
the beat working preasure for all around p u rpoasi but 
for highur or lower preaauree a alight turn of Uu hood 
wheel wiU givo anything deetred The ftoahheok nr 
roatcr should be kept full of water up to the dmm ooek 

riis oxygon geiurotor shown m Fig 3 to * simple 
an I coolly made appomtua and needs very litde de- 
vcnption (let a llOgalkm mnge boiler plug up the 
bottom bole and miunt a pteaaure gage and safety 
valve on one of the bolee at Iha top aa shown In Uu 
other hole fit a piooe cl half-inob pipe with an aa^ 
valve also a abort piece of half mob pipe with groovee 
for attaohmg Uu liM that conveys Uu oxyg m gaa to 
the toroh At the hole m tho aide of the boitor pnt a 
nipple and onglo valve > 

Qit a amoller tank—tbo SOgaUon rise -fl boug 
about right and ppe up to Uu largo tank aa ihown 
at .( A pwoe of pipe H-meh d u mn down imide 
tank 9 to withm 4 Ineliea of Uu bottom aa shown by the 
dotted tines 

To make the retort 7 gotapuoa of lion pipe fi iaehoo 
in dionu tar and ISimhaaiongwithaflangaandbaadfor 
each end hlount Uua on auitohle togs and fit a gaa or 
gaai Hm burner 8 below oa ahown If ooppw pipe oan 



be hed for mektag the Mtort H to maah better. bM tote 
is very settofoetocy The (mil ttek fl, e w m n dy 
known ec the (erabber ahould hwra a flUat 
•o that It oan be filled with water wtttdn U tantei of the 
top aim retort 7 and tombber fl are ooBnetead up afl 
■howma valve any gaga befog fitted at fl, whtob (hould 
now ba taatod ont ovehlly for leaha at (R Jofaita bafcce 
jfuttfm nlQ opiVitloB 

To nae thu goiwntor mahs a haU ronnd buy of thin 
abeat mm that wiD jnet fit mode of tho letoct, ood ffll It 
with a mixtiuo oompooed of one part raanganaea dtedda 
and ttuoe porta potateom ehlor^ I^lt the bay ta^ 
tide of the retort and bolt Uu end plates m idaeo and bght 
the burner See that the aemUMr S u filed antb water 

• tt) 

U WUli^ 

Fig 4--Coaipleto apperatae 

and that the valvea fl and fl ere open Leave the fire 
bnnmg pretty atrong until about 30 pounda proew ii e to 
obtained then the firenuybeadjiuted so as togwento 
the oxygon aa fast aa It u used From Ifl to 30 poonte 
u about Um boat workmg (Measure ooeonUiig to the 
kind of wwk 

When Uu ohamionls m Uu letort ere about oxhanetod 
a good way to tall if Uu retort needa a now ehatgo to to 
elooe for a few Boconils valve fl If the pien mt e itoen on 
the preoanre gnge at 0 gas Matin bug fonasd and more 
ehmaenb an not needed It n duet Iron hood be made 
to fit over the retort to conform the beat. It in better 

(tore shoDld be tidran with the potateom eblomto to 
keep H m a metal oontafoer so nothfog oan get mixed 
with it M an eiploBve eompoumd might aadly be formed 

The eomplato torch or blowpipe to teown to Fig 3 
For the bead of the torch get a 1/8-foeh aa^ valve, 0, 
end remove the bond wheel and pniHng mt Tafee out 
tha volva atom and difi a l/SSkaoh bola thioteh it 
lengthwtaa aa ahown toFlf 3 iO, abo at If dnH two 
hotoi the lame tin eroeawue fotarteotiiig the hole 10 
Thu makn four hotoa at liilete at n^t ingtoe to the 
hole 10 Next ww off the valve atom as shewn at It 
and terew it into Uu valvo ao it eomn tiidit on ite aaat 
Then make aevenl Upa like f0 Fig 3 havii« hotoe 
from the me of a needle to I/SS^neh in diameter 
Than tiurnld have tiiteada mt on them to fit the thnada 
on the fotida of Uie valve bonnet, and an mtatohentM- 
able for h|dit or benvy work Note aetew a pien at 
1/8-foeb pipe 14 Fig 8 8 mehee hmg Into the hand n 
ifaown. Thn get n puoe of 3/4-ineb pipe «Inelm long 
with a malleabla cap on eoeh and If wd dnU and |np 
thaw oops for l/S-foafa pipe FiU Uu pipe ffl with 
muMral wool pnektag H U^tly Thu pipe airvee n n 
handle also n a flaahbaek amater pnvaiiuli« any flow 
from getting Into Uu (apply hen Sersw thto pipo or 
handle ffl onto 14 as ahown and oa ite othar and 
a levar gn ooek ffl end a pieoeof pipe about 4 
long IT grooved to elomp Uu hen to. 

Another pien of pipe, 18 , l/8«ieb to dfonetar ate 
13 inehn knv to bant at one end to a geoMMok, bhM 
It Htewe Into the bead 0 thegneoek,10,endeonaaat- 
IW pipe, ffl, an fitted at tha othar end 

In opmtMB tha oxygm eomn into tha^toreh thm«h 

tha goeaenaek pipe, ffl.at a pnaaore «f two to fihna tiflia* 

Ute of tha aeetylida wbkh eonea 0*0^ thop^fd; 
Tte exygeo. paamg thnmh the hatonffng fi^pt* 
greater veloelty than tha eeetytona au^ tha airtriiM 
gn Uma^ thefoarhelaa, ff,r« 8, and Iha ten gfian 
tea, forming a eqnbiiaiaito tenbir a ai thp tip Ina 



tatoh to eouwetod up wlffi tha iiijpii ud Mfiflltte 
gtetentonn ahown tong dbytoaoMoftwopiatetept 
HighpieMnebdaa.«<habout 10foalVMg Roptetp 
altaA dwhnafton tha aeatyiiMgnteatOT to4ep^ 

14 . rig ft ted thaeiygin to pip#IP 

tn teift Ilto l»in to4« 4 «ort af b Unite 4BWII3& 


Fig no blovpipo. 




ns. 1 —ll«imu MtlM 0( Ul tMMt <■ 


A Physiological Puzzle* 

Hypnosis ot Animals and Insects and Comparisons With Human Beintfs 


WHAT tlii> nMKklam did In ancient daja befttn 
Iharaoh in the way ot taming atlcka Into anakei baa 
ofun been done alnee or lU coueme ot laming anake 
Into aUeb bat tt Minatns In great meamre a phyalo- 
logtoal uoaale It the oobra In Ita threatening atUtude 
be deftly oaa(ht beblnd the head and gently preoMd It 
aoon baeamei stiff and will remain an (or a consider 
able tline^ etther onUed np or drawn not atral^t It 
has paned into tbe atrangp statt of animal hypnoala 
In 1648 the Jeanlt father Athanaolaa blnher deaeribed 
tbe tamou eapertanent, de imaglnattone gaUlnn Be 
laid a ban on the table held It llrmty for a Uttle and 
draw a chalk Hne In front of Its eyaa with tha raanlt 
that It renained aa If In tauiepay Caemink showed 
In 187a-UT8 that this conld be done with nuny blrdo, 
and that the dialk Una was quite unnaceosaiy The 
vetann entomologist ffabre tells os that be and hla 
school ooapanlans used to put a whole flock of tnrkeya 
to Bleep with their heads toeked under their wluga 
Ailml bypnoals can also be Induced In mammals 
(sutnaa pig, rabbit, monae aqalrrei, bat, dog cat) and 
thla la noually effected experimentally by fastening 
them to a board and tnmlng this anddanly npolds down 
rNga ara readily sasccfitible and newU win also 
tUhnalt 

In bachboned animala the state of ImmobUlty la 
mmmtr known exoqit In artUMal oondlUons and can 
■nuesly be of much Impcwtance In life H Is otherwiae 
hewerer when wa posa to the analogons death feign 
or entalopay In certain beetlee water tags, etlek 
la as t t s, and epldaia Tha ImmoblUty ocean In natoral 
oondttlaa and tt eeena ifftan to sate the life The 
ease ot the fsmela Oaloodsa la ot qwdal Interest aliice 
toe wve than wenl dt rant female paaera into a oon 
ttnisnf hypnods whan ahe to snddeoly sttoed by the 
waatat atoW mto BMT ba Indnced trUdetoily to the 
tonally iMtnre ftonsda by gupptog ber suddenly to tbe 
denat mton ot Hu abdooMn with a pair of dne for 
and ntatog bsr from ttan ground Bhe remains 
dtoto putove nndl dm to rsetorsd to aartb It to tery 
totototOnff to note that oMsr tmtlm, wbo bate paired 
d^ not pagi ihto MtatopVi tat tom flarady os the 
tonipa. It, toe name eonaaettoa It to worth raealltog 
ttat fftona w* lift a toornortb hoMtog the ohldd be- 
tMg Jtoigar and thsato, and watt It to tha olr It be- 

ra tnmu^a, tod toe tiro asM dispose todr Umba 
taaat Irntd to# iMgato bending tlism to erar the 
dMdMH u ft pntMHBf ton Wd The taalltor case 
4rf||bt|«l^»hldr otaytoli to totmattog bteanae tha 
WMfW a. dtia aft pOM gnddftly into bypaoda, but 
wtoftlr gdifti tof a ftnddgdhla ttma Itnmybsdxad 


which fords at night n rmally assamra Its protective 
Immobile attituir nndrr the HtlmnloR f Hkbt, but a 
methanlcal atlmulua also aervea Uchmldt bus recently 
shown that tbe Insect can bo fixed In any grotraqoo 
atUtnde for hoara on end It baa been sb »u that Ibo 
traudUou from one state to the other can to thla erra 
tore be effected almoet to e moment 

In a case Uhe the atlck Insect we cannot but regard 
the cataleptic haUt as ot pntrctlve -value it adds t 
tbe safety which tbe protective form and Ibr protective 
color atoo help to aecure The creature behaves as It 
It knew for it almoet always dUpnoeii itarif lai illrl to 
tha twig to which It to attached Hcbleii alxo points out 
that when It lets go on being tourlird the elongated 
straight dlapodtion of the appendagea makes 11 easier 
for It to slip down among tbs twlim In (lalewlea aa 
we have noted the sudden paadvlty of the fimaln la (f 
Importance to teprodncUi n and a similar phenomenon 
boa been obsared to tbe female ocbius In miny 
oases, however It orema quite imposslhle to maintain 
that tbs ostalepay to (roteetive to all Thna Fabre 
notes that SetrUot baparlaa one ot the large ground 
beetle^ wiildi a shake sends Into a lasting catalopoy Is 
Tondona, wSIIannorad nraturaal and unpalatable 
What boa It to do with death feigning? (asce of tbla 
sort engged that the cataleptic tendenev mov be simply 
a coaeamltent of a certain tytw of nervoua couatltullm 
and toat It to only occasionally turned to advantage 

According to Mangold the characterlatlca of hnnian 
hypnoda are that It is a sleop-Uke state lodu ed by 
anggetUon that It ImpUea a raiqvort hrtwein the 
hypootlaer and the paUent and sn Increased amenabll 
Ity to BOggeatian that It Involves an Inhibited power 
of locamotlan and of righting the bodv a (baiige In 
nrasentar tonns—from Inlllol Increase t> somewhat and 
dan decreaae—and a ebauga to uemdtlveneaa which mav 
amount to amesthoiU and analgeda Hnggestlon la a 
physically condmooed effect, for which the pbvalolog 
leal Bttoinlna a e e ma to be Inadequate Little to known 
to regard to the hypnoda of tbe bibheat animals, like 
dogs and cnti tho ammiabUlty of which to hnman tofin 
aoce to wdl known bnt to ordinary cases It may be 
oo n e h ided, oceordlnc to Mangold that animal bvpooato 
dtflkn from man a to tho aboenca ot tbe suggestion the 
nppoct and the deaper atagaa It mav be Induced In 
antomto wlthont a cerebrum wbleh Indlcales that tbe 
paychdoglcal fretor to unimportant PhvdolagleBlly 
Coil aM ecnd, bowever tbe more tvpkal forms of animal 
hypnoda nnd be ranked bedde bnmen bypnoato and 
dndtod to ftito ngkL 

The r eae mbtoit eei are many Ibe sleep Uhe date to 
todnoid to man by suggestlMi or paychleal tobiUtlOD 
In ontmnla ty maabanliml tohlbttlon, bnt to both asaao 
HnMiy dtonll any ggdat Tbara attoreU may be optic 
(Ung Ihg ftun «• mno oftcet), or tnotUe (gtnktof 


Ihe akin) or otherwise Hometlmes an aboenoa of 
w ulett allmull may Induce tbe state as to tbe case ot 
al h lute alienee Tbe awakening may be brought about 
I y w nnda abaktog currents ot air or electric abocks 
r It roa) occur spcntaneonsly There to a grrat ape- 
cllK. and Individual dlvefdty to anaceptlblllty tbe 
easier tbo Inducing ot the bypneola tho deeper and 
m rc lasting It la Tbe muscnlar tonne dungee Char 
Bcterlstlrany (now great ittffneaa and again waxy 
flexibility ) reslatooce to fiitlgne la tocreaaed Re- 
llexca ato to oome extent affected by tbe tltoicd tonna. 
Sensitivencaa to tonch and to tain may be greatly 
leosened and openilkiis may be performed dnring byp* 
n sla Bnt the w nses remain iwake and, except to the 
Iceper phases to man, memory pertly peraleU. Anemie 
a) mptoma are aomerimea observed, but there to no rag 
ular alteration to the every day fuDcUons such os the 
leaUni, of tbo hurt or the respiratory movementoi 
Since animal and human hypnoaee agree In all these 
itapecta Hai gold has confldeoes to hU theda that thgy 
ar IhornoRfaly analog! ns phenomena 
Finally to bla Interesting study he profiosea a ctoad 
flentJon 

1 I zperluiental hypnosis Induced by payChlcal tohl 
nil n (angj-esllvn hypothoato) (o) In man and (b) 

I erbaps to a me of the blgbeat mammals 
J Fxporlmental hjpnosla induced by nMchanleal to 
Iilbltlon (r) In n ammsls birds repUIes an I amphlb 
Ians and (d) to iruatoccana and Insects 
S Natural bvinosis Induced by Uologleal atimnll 
(() death feigning In cruabioeani and Insects and (f) 

(ilalepoy in atiek Inaeeto 

Raaforced Concrete Aqnednct 
AI Hirgono Italy la a good examile of on aqneduet 
vr rather fliu ■ mounted nine pillar sopports the 
whole being I ullt In reinforced a terete on tha Henno- 
blqne aysteui The aqueduct ruiu through open flat 
country and la about 4 6110 feet In length In thla way 
the wh to strut tore Is of solid bnlld anl Is likely to 
wlthatond against deterioration longer than the nsuni 
kinds Simre pillars on loth ddea uphold tbe flume 
pert these being spaced at frequent Intervals 

Glua Sarfneed Road* 

It la reported that an experlmaut to hetog made vrlth 
K material that heretofore has been a waste product of 
glass factnrtea for road roaktog Iltto to a thick ayrnpy 
llintd that baedens when expoaad to the atmtwpbere 
f rmtog a enbatance that aomawhat noemblea glass. A 
inantlty of this material to said to have been mixed 
with ernihed atone and need to oarface a atretcb tf 
hlkhwar to nUntia, forming a aurfriee that la as smooth 
as eoncrato How thto mirtaae will etand up nndee 
weather and wear will be watdmd with totorsat 
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tNM* III thN mu IM «Tldmt K m oouMer 
ita» UN* «« IN an dMUBt mtb ovKtaniiBf nsirti^ 
lit widl tml t ailit opadtlti IB «Ueb etch ovmv 
fNPiW m prist ibMits put nt tte Ugbt tniis- 
dMl Ir Hit o«bw Tb BUa ON mu dwrtr. con 
liiNt ta attosl etw^ Um npndaetloa mt of i biM 
Kliiir. Oat voaM flnt tako ttuw bnnUtm^ rad 
aurir, inw aitK and Uaa Utw Tbo rad and treen 
OtNV ttMmiBt aU Una nya wonM not abow anr 
teaat ca ttm aipatlTML oonisff ont tranaparant, wblle 
OB tba Uaa Altar naBatlTO wonld ba the well deAmd 
Unafa af tta blottar, mora <« lara opaqne In tbo high 
UlUp aaft tcanaparant In tba ahadowa 
efa auUac poattlTas (or tba addttlTa or prajocthm 
pibBii tba rad and man Alter poaltlna wonld enmo 
out opaqno and the bine Alter poalttre would abow the 
Imapa ut the Uottar tranaparant in tba high Ugfata and 
noia or laaa opaqne In tba ahadowa 
on projaetliig tba tbrea poalttree throngfa tbelr re- 
apaottre rapradnctlon Altera, rad, green and bine uo 
UAU would para tbreogb tba opaque red and green 
poaMrati, while tba blue poaldra wonld project a blue 
InwAa o( tba blottar on tba acrean, bright blue In tbe 
high Ughta, darkip bine In tba ahadowa tharebp pro 
daoing tiM dealrad eOaet 

With the anbtractlTi prooaaa aa in the additlra pro- 
eaa, the poaltiraa (ram tba rad and green Alter nega 
Urea would ba opaque and (ran the blue AHer nega 
tira trauld abow a waU dadnad Image tranaparant in 
tba high llgMa, more or lana opaqoa In the ahadowa 
On dpelng; the printa traui tba rod and green Altar 
negatlrea wonM take op greet quanttttH of their rc- 
mamre epan bine and naaganta dpai The prinia (tem 
tbo Uua Alter nagattre would taka up a aniall amouat 
ot pullow dpe In tbe high ligtata and more of It In 

When anp erpoaed thme fo ra and eramlned bp ordl 
nary wUta Ugbt tba orarlapplng rpan blue and 
uiagawta dped printa would abaorb the red and gnen 
but not tba Una oompnnenta of tbe white Ugbt, tbe 
Ught parte of tba pallow dpod print wonld abrarb tbe 
WuAfUUtt npoaltoiilp aUghtlp, firing a (alrip bright 
Una nAoetton Cor the high llgbta, while tbr dark parte 
woUd abaorb a greater proportion of tbo blue, firing 
a dark Una (or tbo ebadowa tbua again giring a oor 
net fanapa of tba blatter 

Thia anbtnctlra urntboA (ornu tbe baale of all mod 
am edtor praoaaa printing and tba conunerclallp arall 
aUo pbotomphla print color pro ra eaei ao Mkma 
laniR4UM|iberd, Irm, tbrancolor eaihon, tbrenoolor 
OBObronB npdex, pliiatppe, polpchranlde, etc 
Mat OQiae tba atngla plate color procoaaM, which 
bote eoBtriboted latfalp toward making color pho- 
tt«niihp anunardBlIp ancrenafu] In UAB Lonta Oncoa 
dn Hauon oonerired tbe idea of comblalng tba tbrea 
tektag AHan of tbe tbreMolor AHar proceaa Into a 
atogla tri-color Alter Ho conatructod tbe Altar bp mllng 
Am Uha or the tbtM primarp colon, rod, gnan and 
UUB OB a tranmaroBt modlum, eoatad oa a glan plate, 
tbu UhM bring poiallal, adjacant and arranged In tbe 
■am eonaacntlra alternating order of colorliig all oror 
the pliti Ab onllBtrp pbotompblc pleto would be 
etpoaed In tbe eamm witb Ite ennilrion lo eonurt 
mth the trKnIor Altar plate, tbe Utter beUg oa the 
ride naanm tiw lane, ■> that tbe Ugbt rm would 
here to paa am thioogh the Altar heton nacUng 
the atouMoB on the pbetogrep h lr pUta. 

The thaoir of thto pnem coBtampUtn leUctlra 
fwda* hp each Alter Una upn tbe Une of Ugbt paee ln g 
iniii A; wih eoBoaquMt eeUettre aetlou upon tbr 
hihbi4 aeofa Hna Tina the rad parte of tbe 
«MN(«alp aflaot the amuMon behind the red 


but eUo brtngi about the multant ootot comblnatloni 
Of toe ptlmaip oolori nacetoatp to bring out aU tbo 
Tariooe riwdee of color la toe objaet 
Dn Hannoi praeom wae net capabU of oommerclal 
deveUpBient; dne to tba Uok at tUa period of a Mt 
Ufketorp ‘panchromatic plate end alao dne to the 
mocbanical dlfflcolip of mllng up the Alter pUteo 
Daring thU lamo poor 1860, Dn llanion concoired 
tba IdM of coating tbe emuliiian dlreiUp ortr tba til 
oUor Altar Inatrad of nilng a eoparate pUto and after 
eapoaora and davalopmeut (haialciUp ravening tlie 
negatire to form a puattUe Image In order to over 
coBW the mocbanical dlfflcnlticB InToltrtI in a rak I 
Alter ba concalvod the IdM of dpalng uiluuh portIcliN 
of a traneparent aubetanco with tbe tbiee primary 
oolora, mixing them togetber Intimately end apreadlng 
Uem In a alngle lajer over tbe glaaa plate to furiii 
(be tri-celor Altar, the Maulaton then being coated upon 
It ae prarionilp refirrad to 
It la obvloua that Hili wonld give a beteregeneoua 
pattern of color Imtiad of a tecurrlng regular palteru 
OB In tba ruled line Alter It la farther ubvloua that 
only with a combined emutaluu coating and Alter aa 
Jiiat deocrlbcd can auch a Alter be need for It would 
be next to Unpooalble to align auch aa Irregular pattern 
writh Ita ronwpondlng poaltive aa would be oetmaiiry 
where tlx pancbromatlc euiolalun waa on n aeparate 
plate It fullowo, thereftn that a tegular geometrli 
airaugpment of colon muat be uaed In a tri-color 
Alter or acreen (aa we will now call It) where the 
aeparate alngle pUte proceaa la Involved and either 
a goometrle or Irregnlar arrangement mar be naed 
with tltt combined aliiglo plate proceaa 
I,a<k of a eatiafaitoiy ponebromatk emiilalon and 
otiior dIAIcaltka prevented Du Manron from nihleving 
muimeiTlel aucccae witb tbe eumlilucd single plate 
prooem 

Daring tbe next forty yean various expcrlmenten 
worked to prodaco a commercially incecaiful single 
plate proceOa notably Toh McDonough lowrie and 
Uha Werner Their work waa all very Ingenious and 
very beautiful tosulta woi« obtaliial i>«iie< tally with 
tbe WamerFOwite proeiM but couimertbilly tlwy 
never mot with aallafaetorv deitlnpmtnt 
In lOM the I uinlerea of lyima Fiiinee patenhd thi 
well known antochromo proccM which represents tbe 
snccoeafal development of a combined Irregular single 
plate proceiB, along tba llnea laid down by Du nanron 
Ibla prncen leavee notblug to be dialred no far aa 
tba prodnrtkm of tranapareneba qulchly eeally and 
witb tmtbfal valor rendition la (imiprned It la tap- 
able of predating veiy beautiful lautern alldSH npon 
the exercise of imiewhnt greater care and cxpcrlimce 
I will quote from a daocrlptlon of tbe preccM by 
AufiHte and Loale lunileic In a locont Issue of dmer 
teas PJkotivrapHp 

Qrabw of potato atanb are oeparatod by special 
machinery oo at to reject all loualler than 10 nr larger 
than 10 tbonaandtba of a millimeter In diameter 
(OOOM In to OOOOn In) llie Rralns once selected 
■re divided Into three Iota which aic colored orange 
graen and violet by means of o)ipro|irlate dyea Ibe 
oolond grnliis ore tlien mixed In ant h propnitlmia as 
to give a rolxtun baving no dominant color Tbe ex 
tremely Intimate and hoaxigeneoox mixture of tbe 
three tsilorad powders Is tben coated regnlarly by 
means of apeclil machinery on plates of glBM prevl 
tnisly coated with a atlefcy vomUb After tbla opera 
tlon It li neceMaiy to dll tbe epacee between tbo 
grains wblrii la done by another machine wbleb eoati 
tbe plates sritb an sxtmnriy Ane carbon dnst TbU 
dnrt U retained between the grains by the sticky 
Tarnlab Tbe ptate tfans prepared ts rolled to Aatten 
oot tbe atarcb grains and prodoce a tbraocolar moialc 
Tbe puts tboogb covered with mlcraacoplr rieminta 
Stained fntenee orange green and violet Beene to pre¬ 
sent no coUratlon beeeuee the onngB green end violet 
rays which traram It combine to form white light 
“How can this mosaic of colored erreens give birtb 
to colored Imateaf Tbo mecbanlBm of tbe genesis of 


to tbe amount of tba three primaiy colon preoent On 
tieatlng tba pUta with a daveloper metallic allvar la 
dapoaltod ovw ovary grain tbrongh which light has 
paned In proportion to the amount of light acUou 
ThoB If the ohjoet la green every gnen grain will be 
covered with sHver and If tbe procaae ware stopped it 
thle stage the Image would be red becauae the Image 
wonld be formed by tbe unaltered orange and violet 
grains This Imaga la tbe complement of that wbicli 
It la desired to obtain 

Dat If wc dlaaolve by meana of aHOoprlata cbmu 
liala tbe allver reduced by tbe Ant (levelopinent, the 
gtcen grains would be freml and rendered vialble enU 
wi should atm base tbe unaltered allver bromide eov 
I ling tbe orange and \li let grains 

Ut oa prececil llicn In broad daylight to a aeconil 
davclopmcut Tbla nnaltercd bromldo will be affected 
by Ugbt In Ite turn and blackened by tlic develupei 
t/naninently the orangi and violet grains will be 
uiaakcd In their tuin and tbe green brains alone re¬ 
main visible Me liavo tbua icproduted tbe grecu 
Image after bivlug iwaaed through a complementary 
red Image 

Ihia oxplauiitiuu lan be repealed for every other 
color and one sees that nil cuIoih aie formed by aub 
traitlon by cllmluatlug iwiily nr totally from Ibc 
range-gi eon \ lolut layer tbi ebimiits of tbe oolore 
IS mpInnentHiy to tbe color whiili bi to be obtained 
Ibis elimination this eolectlun bi etfiited autumatl 

I ally by the colored rayi themaelvco comlog from thi 

II Ject photographed 

In practlw the manipulation of Aiitoclironiea la 
icn almph A atieclol ycliow-oraiqce mrecn la placod 
rn tile lens I he plate in rontact witb a abeet of 
blaik (ardbciBid to prevent aerahhlng of the sonaltlve 
mating la I aided Into the pinto bolder witli the glaaa 
■lilo towanla the leas Ibe same devebipir (inetoqnl 
none with ammonia) la employed tor bith tbn And 
and second development Itivenal takes place In a bath 
of intnaalnm permanganate netdJAed with aulphurlc 
add and all procesaea aftci tbe Anwlng of tbla aolu 
tlon over tbe plate take iilaro In broad daylight tolth 
11 SO mlnutea of bcgtiinlng woik n Onbihisl positive In 
ooloiB may hi produced nnd aa Hooa an It la dried 
I may be varnlahed and bound up like a lautern 
slide 

It ahoold be D tcsl tiuil lii tbla pioicm na In nil 
other slnUe phiti piaiaMa n miniicnaihng villow oi 
orsnge Altir muat la iiaiil on thi hns lo clliiilinili 
ultraviolet and lul down tlic vlilct miU blw nijB 
na provloiuly explained It ah mid nlw> la tiilel tliat 
dne to the action of the yillow Altei an I triiolni 
Hcreen In ciitUag down the ullnh viilw of Ihc light 
a great Increase of expoauie lime over tlie nidinnrv 
piste la neceaaarv vaiylng fnm 2^1 to tlk) times that 
leqnired tor the latter 

Following quickly upon tin nutochrania enmo Ibo 
Ibamn omnlcolore and auiora or Diifa) dloptlchromc 
single plate proceases sacb representing Ingenious ab 
tempts to aolvp tbe problem In a slightly different 
way All bavo nchloved fair coiiunsrclsl sueccas but 
onunot be said to equal tiint of the antoclirome from 
the standpoint of manipulation or rcmilta 

In 101^ the laget alngle plnte process was bioiihlil 
out representing a devriopiuint of the aeparate gne 
metric screen method os laid down hj Dn Dam on It 
livolvti a trl-rohir aciorn prininl In cbeekEiboiid pst 
tern upon the screen plnte the squares on tlic (lieiket 
board being about 1100 Inch on a side A mimnitt 
tiking nnd viewing acreen apsolnl paniliromntlc nega 
tive plate special orsngo Alter nnd spednl positive 
plate are neecsaary Later the iinipau) anccccded In 
combining tho viewing seteen and the (maltlvs Into a 
single plate This process la capable of viiy beautiful 
rcinlts Is caperlally adapted for 1 intern slides and 
tbrentena to compete aerloiialy In public favor with 
tbs iutochnme process hating an advantage In Its 
poadbllltlcv of dnpllcatlon fiom tbe orlglnnl negntlte 
not posasBsrd by tbs latter 

As to tbe future one may say It Is loiy bupefnl 


Mm (^MkBtB tos piste b dsvrioiMd and s posttlvs eclon ts extrsmsly limpid It ts by sabtrsetlon by Tbe Inmleras nnd otiura are diligently working to 

limiA lis Mast wap. As positivt sod tbs tri-color the psriJal or total obemratton of sneh or such a col perfect the bleneteout print proreM Tlie Buntinaii 

tos^ x,.,xta ptsasl logstliir SMtab oor* Vde g orod grain, that the tormstlon of the moot dlvena (lompnnv has recently Induccal Uu well known I nullah 

SmIA kUkk thk two SB timt tko Itosas Ihwi on the oolots con toko phos, Let ns nppooe that we riwenra nuUmrItv on thin subject Dr O F Ksnnctli Mcea 
qikMttMN to thB rad. gnsB ud Mbs Altar tlw groan and tbs riolK gnlns, the orange grains to Join Its staff at Roebaster and It la nndsrstood 
^ BraMIr to eimtaet wHh sIsm NsuIo, and tbs piste, riswsd with tbe naksd that be la activelv directing tbe work alnug this line 

E fld ktM ttees OB dm toi- eye, prmmti sa orange eolontloB If we darkcB a It ta tbs hope of all Uitarestsd In this subject that 
■togla bolor, the bw of the plats Is Os (Moltant of tbs near fntnn may have in itore tor ns tbe perfected 
pesitlvs and Ahw. Ugbt which osbns tbrongh the other two If tbo photographic print In natural oolora 
m, tho plotats wobW blocking out of a givon grain Instead of bring total. Is „ ^ 

psrtHl. tbs nsalttog color can toko tho most varied Genua Fliatl la Bdgiin 

i pm Altar sad thiMton ttots. It appesra not to be generally known that man} im- 

V la « iMVIatod os to nho mbsIHti eantaloa to eoeted ovtc tbe mosaic porUat maanfaetiiniig planta m Belgium belongod to 
NtiiahliililA Bdrahtoga aenae and aalaatotlCBlly nglatars and (Mvodncaa tho Oermaiu and care waa taken not to injare these m the 

«C thi tori to ciatrring qotata of the skdset fap eontw to toads ttoengh the bombonfanenta Zwe smetting Is going on at Lommsi 

paietoi oat ThIa mt gtasa sMa of tba ptata so toet tba Ugbt travaroH tba and Overpelt and oonewns along die Meuse an m 
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The Spinning of a Web’ 

A Wonderful Bit of Engineering and Technical Skill 


By Fmak Ciitlnite 


A UCAVT tbimUtiBtnui In the aderuiwu Iiivini, tuiii 
pJetoir dootnurd aud waabed away overv ti i e uf 
the web wbkb a haUgrowa foiuale gurdtn apldit bad 
made atoong tbo | Inea ou tbe previous day—nigbt we 
riiMld perbapa aa) ai «e had arrived on tbe aceuc at 
mMiilght Juat as abe was cumiletlag It—we const b i« 1 
the ctrcumetancea favorable hr cany lug out a pi tJcU 
wo had tong had lu miud that of vt etching tta cun 
ttmctlon of a spiders geometrical web from stnit to 
flolsh 

By early evening tbe atonu lixl passed leavbig llie 
earth aoddan and tbe pine fcllage aiwrlcllog wKli In 
nninerablo ralmirape thunder lumbied all aioint 
while the clonde were etlll veiy heavy and threatinlng 
and we were a little doubtful If the weather wruld 
peimit ns to keep our vl|,ll 
At aovea o clock tbe epldir lay cluac to the un b>i 
aide of tbe brain b which It bad chosen for Its li uic 
One could fancy It bad toresmn the occiiriet i f 
storma fbr uo moio perfect shiltcr loull be luagl ed 
the branch keeling oK direct rain and Ibe foliage 
aronnd condnctlng all water away from the epldcr 
At balfpoat ecien at ilgbt ochxA and biKpist 
eight when we visited It n movement bad oeemred 
and It appeared aa though our trouble would be nnic- 
warded 

Be felt certBlu buwerei that If It were likely to 
remain flne all night with the | ruapect of a fine i om 
Ipg tbe vider would appres late It and by about nild 
nigbt construct a new web f r tbe morrow 
Nina odoek oania and eltbougli tbe clouds were 
aa denoe and atormy looking aa ever we dccid M to 
T alt onr friend again and see wbot It was thinking 
Ibis time we were lennrdeil for Jnst as we reached 
tbe spot U left abciter me out tc tlic tipi of tin 
r 11 g) 1i Pled 1 II a llio to a julnt a few liichea 
hil w nscended f hi «t niMwav turned heal town 
ward and leiualnel susp iiIhI for about fifteen nilnutca 
fseo Hg 2) It then is ended to Ite neat Ir nch 
iiiid III a few uilniitea descended to a hian h heliw 


llvo secuudi latu It as ended to Its oilgliuU pstUlou 
ti king n( the line with It s tliat at B 2S P M prac 
ticttlly DC thing visible luul been done 
Toil iiiluntca Inter It again omigcd desceuded to a 
Irau h below and made fnat a line which eventually 
foimcd t« r the ia.iiicudlculaiiy radiating lines. Oa> 
tciislblv III) rtf le the oplder lommenced tbe real bool 
iiiiw of 11 liking Its wtb at 0 ff I M Neat from tbe 
tips »( tbi foliage of Ite nest biaucb It 1st bxiae a long 
line with a fiee end tls> objest of wbich soon became 
eiinrcnt for In a few seconds It became attacbod 
It an angle of ub ni forty ilegreea to f vllaga on tbe 
I wii left hand Here tie Instinet—oi reason—uf the 
inluuil eapoclally ai rested our attention aa at tin 
tbiie llw wbid was liming from tbe right directly In 
line with the poattt ii seleeted for tlie wib so tbot lu 
a very few aeconds tbe floating thread atrcnined out 
aud was caaght m deaeribeil Praetlcally from nc 
iber iMilnt than that ch weiv by the at Idei tor aeUtng 
looae Ibis line cculd tbo end In view have been attained 
We now conjeetureil a ajsiedy completton uf tbe 
struofuit mentally aHowIng about nn hour for the 
woik Be KckouMi however without our enter 
lUnii fur after liavfng done * certain enioiint of 
gi ling about among the foifavge Id tbe vicinity the 
uet lesult at 0 BO (aee big 1) waa a mvigb framework 
tW( upper and two lower lines mdlutlng from a nebn 
tons ecu t of ring which waa evMantly determined 
uimi as the 'enter for the coming web Fhe architect 
n w settled herself comfortably tveacl downward at 
the Junctlc n and took a long root Twenty mlnatee 
elu| aod and our a| inner scared suddenly to reallia 
tliat time was going on and set to work again until at 

10 27 P M most of tbo anpporbs weie flzod and nine 
C the radiating lines weie In paaltlun (see Fig 4) 

1 he spider now ascended to the neat braneb and for g 
considerable time crept about among tbe foliage 

11 10 P M It dosnnded to tbe center and remaMted 
there bead downward for live minutes at 11 10 It was 
again atlrrlng until at 11 T7 tbe rigbtband support 

border line Iwcl been Used aa well na fwentrtwo 


of the radial threads Ibe twentrMvestb radltu wm 
flzed at 12 03 A. M after which tba vMer retnnad 
to tbe center aod remained head ddvmvtrd (tea 
Ilg 6) 

In every case wbarw wa say rented or rtmalnad in 
esnUr of web or tfeawbere we do not wish to coavny 


tbe time altbongb ior tbe most part no movainent waa 
notlceobln. 

At 12 so A U (aee rig 0) tbe last of tbe thirty 
one radial threads was In position tba oeoamponying 
nnmbersd diagram showing at a gbutce Uie order In 
which they were made (soe Fig 1) A rimrt space 
of time between tbo pladug of att tkd Mdll aftw tbe 
twenty aeventb was devoted to netting tagctlier at Uw 
muter and fixing roughly concentric threada over larger 
or smaller oegmenti which tbe little creatare toaom 
plldied by traveling to and fng atofiplng momantarily 
to Bx tbe thread aa It went tbe greater part of tbe 
cential work being done after tbe flxlng of tbe tvmty 


0' tbe moat wonderful of tbe many aatonlabing faatnraa 
of geometric web.qilnnlng Inaomncb os It spiiiMtatly 
dcfflonatratee forealgtit and tba ponaamlon by tba ipidar 
of reoaonlnf powers which noble It to nae tbe beat 
means to accompllab tbe and In view It aBlieJ a 
thread near tbe right upper center, then by eopportlng 
Itself on tbe tpdUl ttarende and working towarda tbe 
left It affixed Its thread—always one remove bock—ta 
B boautlfnl volute of about two and tbrewquortor tamn 
which was completed at 12 40 A M (oea rtg 7) 

The objects of this belical line It afterward becaine 
evident were to keep the rodlaUng thraeda ptopaly 
tant and at the Intetvdod dlaUncse epert alao to Boma 
utent aa a acaUbM for tbe conatnictlon of tba con- 
centric portion of tba web 

At 12 41 A H tbe ootonnaat of tbo coociotilc 
threada waa placed by tba ipidar working tnaa the 
top towarda tbe Mt and ffixm azrtvini at the Iih 
tended limit on the right it tamed abont and oon 



Fig 4.-1# M P M Fly B^Wdaigkt Uf. % 
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nMnoed ttw tecond thread vorklns toward tha laft by 
way of the bottom of tbo web 

At U 48 A M four of tbeae thread! bad bm dzad 
the dpMer aunmpllttatng the work hr climbing tip two 
tbreada abead. deocendlng to Jnat tba right dlatanca 
fno tha thread laat dead banding Ita abdomen ow 
tba radlna next to It, making a deddnl panae, and with 
the apmnarata ffetting tha thread «hkb had exuded 
aa It proonadad, llzed at exactly the right atmt bolding 
tba eecthm Jtut 8xad with the hind foot on that aide 
an that It abonld bear tba atrain doling the operation 
then np the next mdloa, and no on over and ovei 
affilo 8) 

Qlven a good Illumination throngh the web tha meat 
aoperflclal obaemr wonid by thla time have noticed 
Halt a very abort time after Mch divlalon of a oon 
centiie waa dxed It changed In appearanoa from the 
ttneat atraak of reflected light to an apparently atonter 
and whiter line and would recollect that none of the 
other linen—aapporta radii or central netting under 
went any auch change Upon cinaer examination and 
magnMcathni thla would be round to be cauaed bv the 
running togeHier Into glabulen of a vladd matter the 
leanlt probably of tbe npUer Intentionally bringing 
Into action a iqieclal aacretlon We carefnlly noted tbe 
time elapaing between the Bxlng of a thread and tbe 
completion of tbe atnddlng with vladd globniea and 
round It In every eaae to be exactly dfty aeoonda 

Tbe aplder now kept on ateadlly at work the only 
variation In Ita movonenta occurring with the com 
pletelv clrrnlar threada all of which were Oxed bv 
tbe aplder wnrking In one direction only (from left to 


light) Inetead of tomlng nbout as at tbo end of an 
Incomplete drUe and working tbo next In the oppoalte 
direction 

Bxceptlug when deaceodlng on n line tlie iplder 
appeared In every caae to draw out tbo thread from Ita 
■planeretB by moena of Ita hinder feet need alternately, 
whUe the temporary volnte or helleil thread waa ent 
away apparently by Ita f<n« fret na tbe aplder reached 
It In fliing tbe permanent concentric linca 
At 1 iS A M the Onlablng tonch was given to ono 
of tbe moat perfect webe we have leen (aee Fig D) 
and tbe little wondtf worker glided np a line con 
nected with tbe lotrleate netaork In the center and 
took op Ita position to watih and wait on the nndwside 
of the branch tbe abetter of which It had left nearly 
four nod a halt hours earllar 
Tha web conatrurtod by this spider on tbi previous 
night—preceding the storm had two stay lines at 
tachod one on elliier aide near tbe center which were 
nfflxed to tbe foliage about four or flve tnefara away 
Ihe web we saw constructed bad no etay lines the 
ancteeding dav Imlng calm and withont rein We 
noted tbeae facta Inddcntalty bnt would conoliter It on 
wise In the absence of reenrring ronflrmatorv obaerva 
tions to attribute them to cither premonition ir luin 
ddence 

In connection wllb the conetructlnn of geoinetrlcal 
wdia It Is InterrxHng to note that, altbongb tbe fore- 
going aplder on thice canaceotive days made webs each 
of which nmtalned tbe anmo nnmbar (thirtv-one) of 
ndll there appt are to be nothing to determine the num 
ber of tbeae radiating lines that any particular aplder 


will make Perhaps we ought rather to say that the 
fnctota iktormlning such are at present beyond nui 
knowledge 

An Atoiiea umbratUa which we hid umler obaeiva 
tlon at the unie time as our friand dfodemata ion 
Btmited—also at midnight- a web twelve Inchea In 
diameter Thla while mneb largar tban tbat of the 
garden aplder wai niiicb more open In itrncture—« 
(liaracterlatlc of thla opeeleu—and contained twenty 
two radii only which at tbe outside of tha wab wars 
uecesaarlly so mui h further apart than those of diode- 
•Mio as to rewter It difflenit to conatruct the outamoet 
ronceotrlc threads I o obviate thle dlffleulty tbe apldv 
made a tempornty helical Hue of six colls Instead of 
the three which exending much nearer to tbe outer 
etlke enabled the atlihr to nae It comfOrtablv as a 
Bcnlfold to git oil to the next radius along which It 
slipped font nflir foot pieciocly In the manner of n 
tit deanndini, n cord until In position for nfflxing Ita 
thtMd 

Again the web of a TiUo a tala six Inches only in 
diameter bnd forti ra Haling threads while a yannMr 
ajilder of tbo some siic lis loiistructed a web contain 
iiig but twenty ladlatliii, tlirewds acrass the month of 
a Jug 

A vast field tor reoinnh In this dIroitloD Is open 
and althtiikh there la evidence of Inireaslng Interret 
In tbo ws}s of tta. miKhmilIgned siililer It wonid 
seem tbat tbe fringe only of the subject has been 
toncbfd and It may wi II he said of It as of svervtblDg 
else In nature that bo who knows moat concerning 
It knows best how little be knows 


“Standardizing” the Art of Voice Production 

The Fundamental Underlying Principle of Developing the Vocal Muscles 
By Floyd S Mutkey, M D 


run writer consklvra tin ontabllshment of s rosl 
standacdlaatloa of voice production to be the most vital 
need of tbe volcedeechlng pruftaalao The pc«mt at 
tetepta at atandardlantlon however are not mdy futile 
but hamful, bacuuae they give tbe musical piMcaBlon 
and tba studant iiuMIc an antlrsly falsa Idea of tbe 
natiiiu and aenpe of tUe proUeni 
AH aSbotIve alnglng and ^lenklng Involvaa two tblnga 
—oomet votee pcodneUoa and intan^etattoii. With 
out eUTMt Voice prodnctloa onr ape^ and aong de- 
ffUMliMt Into »«« mummaiy and dlMfn*abla aonnda 
TWg iltact often beooniea dtatadsetaff or hidhiraai to 
the mim OB ncemiBt of evident tedily ntrahi or CmUI 
With correct volte ptudnetlon the matter 
of jg hWBte taU oo becooMs oompnntlvely almpln. Tba 
liimr demand* miaB tba knowladfft nid eiperlaiiM of 
the |4f«ir, or In otter worde npon hla moital oapnelty 
Mfk «le MBW etpeeltr temiot be emudled by the 
vol^ Mbher, bln talk tea only be to ttceli tha piqrti 


It vwel tatdk ttt free motton af the cartnefH 
''4<4i6|lltar^nndieidlateO(thnriiaannM«eca Wa 
m wumt MM^wni Qooor If tbe volte 
■ I ttim i n ^ m tataH%etf ^ and in alao know 
There 

i)4n^ If btatafttoStel imkA of wbfah leevte 
Tbeenrof 

ttFjSiirWflMiMttA* tMMl to hear in the 

OMSfaril te tMi tito 

MttU krtt c i la tte M 


OHseutlnl qoallttoatloa of tbe voice teni her ( oricit 
voles produetkm la Involutaty and most neremarHy bo 
so while Interference bi voinntary Any attempt then 
la do aagtMw directly with the mechanism or witb tin 
voice Itaelf win Inculcate Interference and render voice 
devdopment (deve l o p iu eut of the vocal musclee) and 
correct voice prodnctloa an Impoasibtllty A knowledgo 
of the nature of tba voice and Its medianima end of 
tbe nature of Interfemiro moat point out tbe method 
of Its reuMval The unlvercal tasdeocy of too voice 
teaeben to-day Is to attempt to do soaiofMay with 
tbe volte end Ita mechanlaa, end hence to develop 
Inte r fere nc e Inatacd of raniovinff It Tor uxampte ell 
nttempta to “piece' the voice to get the tone 'for 
wrerd,” to Taeuc" tbe ton« or to give It any pertlciiler 
“direction “ Been tha on of vdoataiy rnuKlea in voice 
production- Tkla nee meena tnterfsranea which ham 
pern the fter aotlM of the vcenl maadee, thus wank 
enlag hiatead of strengtbanlnf thma Tba reault of this 
wrenff taachinff It that tbe voicca of today (both 
■peeklag and atogiag) are mere cnrlcatnrm of whet 
tW ahouM be Tartbrnnore Umm voicee ere at their 
beet for only a tow yeare at moat while If thw were 
properly pranced ihould last ontn tba vocal 
m nm iea baoooM palsted by oM age More than this 
the hampettatf ef tha voice mechanitm by latartorence 
takas tta alod of the alager away from tba eentlnunt 
expratoad by tta vortt. iretare never latoadad tbe 
ifatffto or npwIriT to give aav thought to the prodne- 
tkn Of bta voleo. Ter tble noaon the vein aiadian 
Itei win totda tavetoatary, ae that tte wtaola mind 


iniilil iH ^Illl^HI ii|H)U lutirpnlstl III I'aiilioltHjr Ima 
m Ihlug tn ilii with vnl c production but la n most liii 
piirtant cmwidi ration In Inti rpritatlon 
Tba word staadord means a menmirt ilA tbiiig 
to be meatuied In tlie preoent Instance Is tbe torn tore 
knowledge Thla knowledge must be such sa will 
enablf bim to diagnose and eliminate Intorferonce with 
tlie vein meihaniam and to thow tho pupil how to 
develop hli voial muMlea What then iniiot tbe vocal 
tsacber know to enable him tn do this? Hi muat know 
that tbe voice li a inmplex ei iind Unit each voice ton 
la composed of several simple tones varying In pitch 
and Intensity Tbeae aimpla tones are lulled tbe funda 
mental tone (the loweet pitch) and Ihe overtones lie 
moat know that the elements of voice tonre are first 
pitch eeeond volume third (juallty Pitch depends 
npon tbe rate of vlbratlan of the fundamental tone 
volume upon the sum of the IntensIHca of tbe partial 
tonaa ami qualltv npon the number nnd rolatlva tn 
tenaltlre of these tones He must know tbat a wide 
range of pitch Is ahsolntelr dependent npon a free 
mntkm of tbe cartllegea of the Inrrnx and that 
tbe biat volume end qualltv of tone cannot be 
seeureil without an uubampered suing of the vocni 
cords and fall use of reannauie It Is this roiract 
•ethm of tba mecbanlam which produces a atrong fnnda 
mental tone—the easentlal In good volume and quality 
Us moat be able to reengnire Inatanllr tbe quality 
produced by a atrong fmidoioental Ha muat know 
that tta ooDdltlona In tbe throat which produce the 
atrong tundaoMBtal tona are each aa give an unbam 
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pend Bctioo of tlM Tocal aiatHdw lad thM pi mm tte 
BMdiuiliiii Ra mart know that naoMiica la tha mort 
Imwrtaot factor In both Toinma and aoalltT of tooa^ 
and tbat ttala li canoed br the vmpathatle Tlbrotlan of 
tba atr In tbe carltlai of tba pb^nx montb and noaa 
He moat alao know tbat the moat npld dorelopinaiit 
of tba Tokse (\ocal mnoclei) la lacnnd hf tbe dallj 
practlcoa of abort eoft tonei wltbont Intertbrenco 

While tbera are manp other tblnca which tba rolca 
teacher ibonid know theoe are tbe fniidamental fae- 
ton nnderl/lna correct rolce production and mart form 
tbe baale for a atan lardlaatlon of tbia anhject From 
tbe foiefoloc i n mlau tbe condnalon la Inevltablo that 
the dlagnoala an I rciiio\al of Intertereu e and a knowl 
edge of b w to di.\el p tbe rocal mnoilca are the OMen 
tial qualm ntlone of tbe ainging teatbar In tba light 
of theae alatemiHite let ue analyae the reoemnienan 
Ilona which wore ndipted bj tba New Tofk State 
Mnolc Tea bm Aaeoilatlon loot Jane Tbla aaaecla 
tlon la one of the oldcat and aopiMaadlr tba one moot 
capable of potting f rth a correct otandard for tba 
rrgnlatlon of \ I« ten bing rho halnnan of the 
Btaodardlaatlott Cnutmlttee annonorad that the follow 
Ing art of recommendatl lu for tba atandardlaatlon 
at Tolce teaching woa tbo icuilt of tbe work of Torloua 
conunltleea eppolntod by th aeaoclatlon daring tbe part 
twenty-olz yeora 

3%a Vocal Oonfttence uftbeNYSHTA. 
twaatr-olith Annual Conrei tl n bold on June Ibtb 
1914 ananlraonaly adopted the following reoommenda 
tloaa preaented by tbe (halnnan looking toward tbe 
eatabHabment of a atan lard of mualclanahlp fbr teach- 
en of olnglng who deelre to become active membere 
of tbe aaaoeletlon 

Bawlred that before i lereon la conildMed qiuill 
bed to teach ainglog he aho ild demonatrate to the Hz 
amtnlng Oommlttee flraf that be paaaeaaoa an ear iicn 
rnte In the ipprscletlon of differeo'ca In tbe pitch and 
inellty of mnolcil tonea ant In the pnauncletlon end 
ennnclatlon of the Pugllah langnage oecond that be 
baa anfllcieot planlatic ability to play elmplo eccom 
panlmente third that he bee had at teart three jreare 
eonHnaoiw atndy «lth eoine rompetent teecber fOnrth 
that be pi awe m e eu h elementary knowledge relating to 
gelletil muoldanehlp aa la contained In each a book ai 
Mimical Itaeeatlala by Hacyott flftb that ba la fa 
mlltar with the contenta of oue < r more ataiidaid worki 
I iling with Tot e Pi idurfIon Volco Developnieot and 
It terpretation aixtb that \n poeacoam tbe ability to 
Impart bla knoaMge 1 e ti teach aerentta tbat he 
baa oome famlllirltv witb teaching material In tbe 
ehape of v(xal cxerclice and aongi 

To rtww that even tbe flrrt reconimendatloa In thie 
Hat la not im eeaential eKIraugb It la by far the mort 
iwrtlneat tbe writer would merrty etate tbat Frof 
Ilallerk of t-olumbla I nlvenlty with whom be oolhibo- 
rated In working out tbe Natural Method of Tolce Pro 
dirthm wai ebaolntely dellcirat In wbat la known aa a 
mnalcal ear Re ccnld m t tell Yankee Doodle ftnin 
Old Hundred and yet during the ennnie of thIe In 
veetigntlon hie enr became trained to I car Interference 
Jurt as readily aa the writer a With aome expcrtaice 
In the removal of Interference be eonld have become a 
flretdaaa \al-e teacher Tbla ohowa that while mu 
akal enr la a leclded adrat tnge to tbe singing teacher 
It la not an ahaolute eanentlal On the other hand there 
arc tbonaanda of peraona who pomea tbla mnalcal ear 
hilt aho are al aolnte falinrce as voire teerhera for they 
know nothlig nhoat tbe dUgnoalt and eOralnatlon of 
Interferrmrc niHl the levrtopment of the rocal mtmelea 


In ooHldrtlaff tba ateead faobieatlaB ertllaid tn tbii 
rtandaid wbat U tba cciiMatte brtwaa n phiftM u 
acaonpaalment and tba iligiilMi and altmtaaOcn of 

teachar taka away tba bd ag f ica ab a with tiw voloa 

ba rtrted to ibow Ita abwrdHy Tha aMUty to plap an 
acmapanlmant la not aa miHal doatUeatton cC tba 
Binging tooebtr 

Nnmbar throe atataa that tba applicant mart ban bad 
tbroa yaora eoatlnnoaa atndy with aemo eo wp atnt 
teacher It baoDmai naoemiy at oooa to deflna tba 
ampetaot vocal taaidiar According to oar daOnltlim 
tbr cempatont vocal teacher la tbe cne who can dlag 
m ea and elimlnato InterfareMe and obow tbe papll bow 
to attain fall devek^nnent ot the noal mimclea and tfani 
make oae of all the capaUllUea ^ tba neat atraetures 
Tba ounpetent vocal teacher iboiUd be aMe to etlmbute 
all Intarfenooe at once within a limited rnnga and dally 
pcaeUce tor from taro to tbiee yean wUhoot tstectar 
ct oe abonld give fell developmeBt of tba vocal rnnoelea 
with tbe result that there would be a parfeet oae of tin 
voice meehanlam or perfect tone prodoetlco 

It mart be underatood that In tbe beginning a tone 
prodocad wltbont Interference will be very mnall but 
nlll grow stronger oa tbe vocal mnaciea develop 

There an no alngen ilngiug wltbont bitarfaranca 
All of tb«n have loft palate Intecferaiice and on the 
load and bigb tonoa toniTM and fnloe cord Intorfuence 
aa wall Soft palate Inlrttoreskce (railing ot tbe eoft 
palate) takoB away more than oue-half tbe reaonance 
qwee Filae cord Interference prevente tba free vlbra 
tlon of the true vocal cordi while tbe tongne mnaciea 
Interfen with tbe correct actfam of the pitch mechanimn 

Tble combined Interference ceneea a Ioob of men tban 
ono-balf tba capabllttlea of tbe voice mtchanlam It 
greatly redneea the volome limlti tbe nnge^ end da- 
otroyi the netaral qaeliiy of tbo linger a voice 

The rvaalt la that tba voicea of oar poblle rtegen an 
graatly dafldent tn tbtoe three elemedta of voln pro 
doctloa Smdi a condition of aOaln coold not remilt 
from oompetont voice Inatroctlon Sneb tnatroetton 
covering a period of die yeen ebould ahow aoine pnplla 
olnglng thalr loodert tooea witboat InterfMancai Under 
rbeee conditiona bow la the applicant to comply with the 
tl Ird racommeDdatlon 1 

The foortb ncommendatloa dnla with tba elenicn 
tnry knowladge of gmeral mnelHanohlp WUIe ttala 
knowladge la of advantage to a voice teacher or to any 
one eiie tor that mattar even a protonnd knowledge of 
(I le aabjact woald not eld tbe voice teecber In the 
dlignoals and oHmlnatlon of Interference and the de 
col pment of the voke (vocal mneclea) Tbla knowledge 
of graenl mesiclanehip la not on eatentlal to voice 
tracblng 

Kamitlarlty with atandard wotka In Tona FndnctlDa 
cic constitatos tbe flftb recommendation The writer 
la Bcqaataited with practically all tbe woika written 
upon tbe voke and be ie In « position to itota poaltlrely 
tbat there boa not yet babn wrttteta a work oa tone 
(^olce) prodnetlon or vein derdopment The vorloim 
dcflnitloni given to the votes prove tbe troth of tbli 
rtatenumt Tbe voice la defined bv dUtormit writen aa 
vibrated breath ‘^rttaltaed breath »ptodnct of tbe 
mind gift fran Ood eta. 

A logical dlacuarton baaed oa tbOM daflnltkiiie wmld 
molt in a tteaUae on Ifeteocokigy (vibratad breath or 
air cvrreata) Blolagy (vttaibed breath) Ptocbology 
(prodnet o( tbe mind) and Tbaohigy (gift fnoi God) 
Tbla b preclaily wbat we find In thato eoealled bookt 


OB voiee pfotaedtoh 




dtoeoartob of odMT gWtaeN. Tha Hum Hat 
podfea at tha vuMow aeigBeH MrtloMl «»9 pMfl 
ueefl are aeeaamtly imtetlTa and oka itoi dto gtMMrt 
no flatalta Idea of the velea ar ua pceflqgtfM. fbm 
woriu eeb, thrtatoi% aflort no eidteaee Ik 
noila and ellmtoaHoB of toiirtiMaoe end tba »»gtoB 
meat ef the vaert aniaeMa. 

A knawlafldt ot tM uabNBy pbnMagr and MtNw 
of vDito piadaettai ie eaMntial to flnj lataBfiiM «|a 
eortloa or toaobbtg of tbo telco 9bm there oga Bu 
ttabderd woika on tbo toteo the otadait la miM to 

m ond atl o n " rtatoa that tbe appUeont meet beve tfca 
ablltty to Impart bb knowladge. Tha abWp to Impart 
kiowMge p r eeappoaoi the pniwlon of eatb Xieorl 
edge. Stoea then ere no ebmpebBt vaeal toodton bad 
no atandard wacka on tbe volae how la toi aapdfiifet 
to acquire a knowbdga wtakb will eaiWe hbe to dlag- 
nooe end allnilnate Intotteenoa and Inatmet hb pnplla 
h w to devekqt tba vocal muMtaT 

In regard to the aeventh *iacoHnnaodarteii. tbo 
toacbor might bo familiar with all tba axofrlOM e»af 
naed In voire development, and all tba oobii arm wilt 
ten end itUl know aboolntely nothing aboat tba dlep- 
noBb and raetoval of IntertoNDoe and tha davelopaMBt 
ot the vocal mnacloa An exereba b only of valna when 
It b performed wttboat Interforenoe. and a aoog b 
limply a form of axorcbo. 

Tbla iOTonth iwommendatton" reqniraa no knowl 
edge oaoentlal to voice davelopiiiant 

If anything b ever to be accompIlrtMd to voice pra- 
dnetkm there mart be a real atandardlaatlon fi»r tba 
foUowtog taaiona Fvny voice b aonnd. and In every 
taao voice production b aoqnd prodnedoa The bwa 
which tognleto tbb voice prodnetlon are preebeiy tbe 
Hune tn every alngar and apeakar and every meebnntam 
wbirb prodncM the voba b exactly atodlar Bvery 
vocal machanlam b compooad ot tbe Mune abiMate— 
vocal cotdi muKba and cartHageo of tba larynx, and 
raaonanre cnvltba Tba vocal corda are of tbe OBme 
material—yellow ehotlc ttame—the action of the mna- 
rba and cartHayea b prediely tba aame In ovary to 
dlvldnal and tbo coadltkoo wblcb give fnll noa of the 


varkma ebmenta aeoonnt tor tndlvldnal obaractorbUoa 
ot voice For tbeoo reaioaa tbara can be bat one rtand 
ard method of voice prodnetlon An oppHcont might 
comply with aU of tbe recommwidatlono” of tte New 
York Plata Mneb Teerbera Aaaodatloa and atUI hnow 
nothing at all abont tbe Atandard Method of Tolee Fm- 
dnotloo 

On the otbor band an appHcont might poonam an 
■cenrato knowladge of tbb atandard matbod and rtUI 
be nneble to comply with a elngle ona of tba “reoeB 
nKDdatbiia 

The aevaral alato attampto at fltoiidardbatbn ore 
timllar In cbarnctor to that ot New York The aSOrto 
at Btandardbatkm tbua tor are tberrtoce fatUe. 

Tbe only baob for a real atandaidbatlan b a knewl 
tdgo ot tbe enatomy phyalology and phyilea of volca 
prodnetlon and lb propar appllcatloo to tbe votoa 
meehanlam Tbb baa baen cuefolly wotkad out by tbe 
robe toveatlgatlan at OolniiMt UnlvenHy recently 

tbn need only atandardbe or meeann tba Hnwbdga 
ot lb applteuto by tbb rtandard knowbdga 


An Iiuolttble Senl for Letten 

By HeHa’ 

A evAi that Kill prerent aurreptltlonn qo-nlig cf 
IrtUni haw kma been (kalred Mart enrol viee uin 
be only too easily opened by simply at a a ml ng ona rad 
the bttpr b tben withdrawn raad, retumed and re- 
oraled at < ne operation Bnt a paper aaal can be read 
lly made «hbh will render any latter proof agalnrt 
being opi-Md by eteamlng the ends oa vrrtl oa tbs 
central flap being secorrd at the time of dortng tbe 
envelope 

Tbe eeal b made as follows Usa a modsratrty 
■bard paper at a bate for the seal Prepare e tohi 
tlon of gebtlne conabting of 40 grains of frtaUna to 
the onnoe of water Tbb ebould be allowed to eoak 
for half an hour and then may ba mdtod by pbetag 
tbe vesadl Into boUlng vrater When the palatine boa 
melted atb tbe mixture vrrtl and tben with a flat bra* 
apply the gebUne aolntlon loiigtbwba en the paptr 
which elhonid have been prerleoaty damptaefl Tta 
hang up the paper to diy When dry coat the paper 
again brnaUni tbe ahert erootwbe than dry It once 
inuv ptnnlng the sbeK at each eorner to prevnat It 
fr ■ curling When dry lay the tbert toed down, and 
broih tba bask ell over wUb amyl eoetote eelkidlim In 


a cooeentrated alato tbra hang It up to dry again 
Hultoble rtripa may now be rat from the thert to form 
tbe wvrtope erab. To lao tbeoo upra tbe envrtope eU 
tbet b neraaaty b to dip each one Into a lelntlon ot 
eemmon alum for about half n mtonto artfla up ot UO 
gtelmi of alum tn four onneao of flltarod water or 00 
gra ta e of chrome alma. Then pbee tbe aral over tbe 
flap of tba ravebpa eftw tt baa been toetraif down ta 
the eonal way and, pbdng a piece of blotting paper 
open It, mb tt down wHb tbe thnmb noU niil tbe Mai 
Use flab It wUba foond that when the eanl taui bo- 
rooM fiy tha pabttae baa become taaolubta It Win 
not be aoftaned by a bngtbeoed period of rteemlng 
The crating of amyl acetate eoBodton aakrt tha aanl 
quite wator pnwt ao tbat prrtoiigad rteemtag cr even 
aealdliig wltb hot water wU not ranee the iinl ta 
looem and any attempt to remove the aonl wfll linve 
a trtltab mark. The pepar rompdag the ravMopo 
gray aoftan aad tbo araeOage beyond tbe pokltae ml 
Ikinlft bat the 1001 tbeM win not live wny 




been made ta tbe premt graarahoc erti bo a b ritai t ed 
to twu tbtagi flrrt. then ta the anpreeidratad eam- 
eenbatiaBofiAirt Groat tabaaopea tarn ban ogarted 
end great obawvatonai have ban bnflt te the p titpeoi 
ot raivtag tonifle ptnblnm or a MiMita gtooF of obat^ 
rotated proUM UthgsepraUmnaliMldrMBeiham- 

inived ta rar tame tM work wO ba earib^ temflrd Iv ■ 

yran after taeeo who Imtlnted It have poMtl 
OoxBMatba b egmttar pewotfal Ibphi Bh a l that ttam 
Im |4md to tha hbflds of the aotronmik mim WMbBfl 
tn him ton any blaew p a ot aay e b ernfawF amt H 
Tlb^ to It, DO ptenng proWm i ppnm to ptomto 
atmve on har lm toto b toe r*toftr Wm to'ettnlii 

wfli&m tontolto aatojnfl lb miMH iMtoMmi 
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The Chemistry of the Incandescent Gas Mantle* 

The Materials Employed and the Steps Taken in its Improvement 


Ip i w po a JliH to Um iaThattan to toD you mM ot 
tte dHttlbpBtoBto b tbe cibiiiibtoy of Uie taou- 
4 MMPI 1 H Made, 1 Twy modi bw that my hearwii 
wttt hi dpoiawl to dhappototnuBt If 1 am expeoted to 
dmUmaOM itortltai dumce that ha* tahm ptooe b 
t^bawM. flfaiee dm voBdMfnl and ■peatamdar io- 
MtiqM cl M hrOBant Anitriaa ehanlit. Dr Kart Auer 
TCP WddMdi, irtu about 80 yaact afo produeed the 
baapiirniit paa maatla whtdi b all juitlM bean Ui 
PMWi A* 9 «>wth of the taduatoy hai boen marked by 

ubIm to£a wTan to bebda tLt radbal duufa b 
tha ee a poddMi of the maulta body wUoh Dr. Auer 
htanadf made, whan b the earty nbettea be anbatltatad 
tha llaaliiBi fmlnm mbtorc for the more aonqtot lea- 
thaabaoinQidaiiMatbm mantle vliioh had eooyirlaed 
hb ISrat —»«—a«I maode body. TUa waa bdeed a 
la^ bwonneiit, and It martnd the beptaiibg of 
the ■aamil adeptbe of the beaadaaeaat gai mantle. 

I hate mid that the daya of rodieet derclopmente 
aaen to be b tha pait, and yot I mtct eeaee to wonder 
at the phoMiMon of tbe ehaapa or petilbotlon of the 
Tipetobb or ofiaiib flber, reprodo^ tbe odlubee 
dfaer b bteen) tom under the bdueiioe of the Bnnaon 
daaae and girW the Ucfat-prodaobg body with wbleh 
wa arc bia^. And althou^ we hear the fraaiUty of 
tha mantb hetpientty alluded to, yet when I watoh Ita 
fbnnatkn b thta maimer, whkh feema to be Maentbl 
to Ita UchtfivbK eOelaney, tha etrenetb and reaboney 
of tha maatla ii a “nbe d^' wonder" to me. 

The ehuge b tha eompoeldon of the Welibaeh 
mmthi whm the mixture of 08 parte Ihorta and 1 
pert of eeria wee anbatltuted for the eertler mbture, 
haa ercr ben to my mind an bTCudon of the hiidimt 
irpt, bvQlvhv u it dU tha purffleetton of lare earth 
meterialt beyond the UmlU of pievbua knowbdpe, and 
than the deyrtopment of eommenlBl imeeana for the 
pnduetkm at tbeaa nn earthi b the Uiboit itoto of 

Motwhbetendhn the extcavaaant elalnu made by 
many pamde brentoia, the thorium-oertum nOxtun etUl 
hold! ai tlw nrnimtiBl eompoiltkm of all Welabaoh 
mhAm, and tUa, and thh alone, b tha baab of tbe 
hEhmlvIibt quaUtba of the baandeaoent las mantle: 
iMhoi^ be bb quarter of a eantnry haa bronifat ui 
muoh nU ytifammwi t upn tbe IMd of raiweeith elieiii- 
bity, M aetbtaotory enbrtltate hai ben fou^ for tto 
anb bTCntbn of ft. Auer*a. An Intfmato knowbdpe 
of bduitiy from the very dayi of iU infaney leaves 
ma with an srer^noteasing reapeot tor the work of the 
pjonaer, ft. Auer. 

ft JnsOee to the faithful and merit^auawork 

aty toat thrtr woik has ranlted b oertab obaapes and 
hapwTCm n to b tbe mauUe and burn* wfakfa have de- 
eaeaead Ito aoit and Inotaaeed lb ellWenoy and dura- 
UlMy. Bone af therc pobu I wffl touch upon. 

ft the aarty dayi a purtted oolton fafatfe wm eato- 
zstod wjth tha thortnnwwrtum mbtort made of ma. 
- t«bk ot as Wph a abto of parity la potribb. The 
pTCHy of the ivaa found to be abtotately emen- 

lU, and the weU-known Ueeebbp and Varidnp pro- 

eeMs wen eanbd beyimd the pobt piwvtaoib thonpht 

to be niiimaiy. and a ootton e ai t y hp bm ufamal 
sibMant than the hwt afaeortient eotton was aeon 
Monad. the ddelarions li i lbmwe ot fotripn 

... aneh to lOka, Urns, mapn ea l a, ahtmtaa, 

nbatbob add. oto., It wto noopniaad that it waa 
.Jplb to harmful to have than thOMta bnmpht to 
I MWbIto o Hu vartobb’ShW aa ttom toe rare- 

n, «nal^ taeopdtod that tha hnpth of toe liber 
mantb bhrie had mneh to do witb its 

btorii Owed rank 01 Chba pitou *M tooksd 
nittoflto tofor whto H *to toxt tatroduoed. but it waa 
«IBI toy mtoM fty Itoatta oamifao^ 

'SrSiibto MtoMbTl^ a daptom ot nab n a 
Sifa Ihd jiTliiTtitlMilit tod toto b otoo eonn- 
IW bade pomAda toa 




By Dr. H. S. Miner 

lenptb from IH or tH behn to 6 or A bebea by the 
rabetltotiim of iamb for Sea Uand eotton, and that 
with oertab advanUcM, eepoeblly In bToted maotlee, 
yet the ided had not been reaehed, and It mnaSned for 
the artUdal illk or artifleial ooUuloae Sben to supply 
Uiatldeal. ThedtotybthedevdopmentnftheartiBctol 
■Uk bdurtry eanaed a delay b the adoption of artiSebl 
flhen as a maatbenakbp body, but Its many itrtktap 
qnalltiea ot itnnpth, ebstloity and maintained oaadb- 
power, have eanaed a perelxteore of effort that now 
had Iti reward b the arti-Sber mantie. 

In toe eeriy dayi, the only dlcrearioni horn the Meel 
oompoeiUon of 90 pm cent TbOt to I per erat CeOi 
were iliibt verietioBi b these Afuree wlthb nemw 
ranpu to produoo Uphta with varying dogreet ot wUto- 
nem, an inanaaa or deereaae ot eena iaereaabg or 
daoraaabg the yellow edor of tbe light produeed. Tbe 
eombg of ramie Aber and the Inverted type of manUe 
made the btroduetUin of small peroentoget of hardening 
materbb ementbl, and beryllium oxide wai found to 
bo an ideal substaiMie for this pnrpoae. 

The ehange of Abor and of the type of tbe mantles 
as bdioated has eanaed a complete revolution in the 
prooraaea of meaufasture, and BotwHhxtaadIng the ex¬ 
perience already gained, each one of these nhangns has 
eaUed forth a line of roseareh that had made penuitenl 
work over a period of yean i—wilhl before the ptoblom 
oould be flonridered solved This b eeperially true of 
the arti-Aber mantlee, and the nbangee in mannfaatnring 
proo B SM have extended to toe eoUodioB or iMquer need 
to strengthen tbe manUe for trmnaportatinn, for the 
eoUodion ueed on the rotton or ramie mantles was found 
to be entirely unsulted for ard-Abm mantlee. 

The proMm of primary hnportanoe for the ehemioal 
engtoeer, as rsbtod to tob Industry, baa ever boon the 
rasBuifaBtura of toc»iam nitrate, and many ohangM b 
toa eommershd ptodnotkm of thb suhataiioe have, of 
eouree, been effeoted during the loore of yean Just past. 
Monaalte sand hat alw^ been, and itiU b, the only 
oommereial on from whMi thorb oould be obtained, 
and oontebs from 5 to A per oont TbOi; although small 
depoaita of thorite and tlwrianite with a thorb oontent 
of 60 par oont and 76 per cent respentively have swvod 
to keep elive within ua an apfmebtion of, end longbl 
for, a uuwe ideal ore aa a Nuree of supply. Tho high 
prioe of monaaite—tob vmy low-gmda ore thnn a thorb 
itaodpobt, with Marty 06 per oent wastw-dias thrown 
upon the thorb content, whib still looked up b thb 
phocphate reek, a heavy burden of expense and has 
made noeoaaaiy tha produotion of hkto yields and low 
ousts of operation to keep the eost of thorium salb low 
enough to make them uom nier e ially avaibUe. 

Tho Ant pnoeasea used b factory praetioe were 
naturally but enbigemento of the welMmown laboratory 
mstooda of aoalyris, while from thb begbnmg have 
devdoped modiAaatioa after modlAeation, subatituUng 
ebeaper and oheaper reagents and methods of tnanipo- 
lation until the oommerabl p rooeei e s of today hardly 
bear even a **famlly rneemblaaee” to too Arst prunen 
employed. Therc modiAoatlone are, of oourse, still con- 
tbubg, and are made imperative by tbe Auetuation b 
prioe, either of the me, of seme reagent, or of the prioe 
of labor. But althonto toer« be verbrious b ptooeeses, 
there must be one unvarying standard ever before the 
ohembt b ohaige and all of bb aasoobtes, and that b 
the abeoluto purity vi the product. Pure thorb h vitally 
eaamitbl, and 1 am grat^ to be abb to say for tbe 
tboria manutaoturMs of toe world that their produot is 
of very high grade, and b better now, notwiUwtaniling 
the “Impnhqr and ahartonbg of lUoeMies, than it was 
to the bagbnbg, althoi^ even then it was eineerely 
bbeled "C. P." 

Then ate various means, both ehemieal and physioal, 
of nii—v h if im 1 iniirftig tho purity of tho produot, 
bat b the light of experienoe toe most satbfaetery 
method for both aeeuaey and raiddity ta the manufeo- 
tura of mantlsa bom ti» tboria as H ptogremes b 
purity. Tha ooto of the manrie body, the oofor of the 
Utot produeed, toe preaeaM or aheenoe of shrinkage, 
the brittlenma or AextbOHy of the mantle, give to the 
•aperieooad manabstuter a more aatbllsetery bdloa- 
tom ot toe parity Of toe prodnot than do the ehonleal 
atolyM itoieli an ot neeatoty long end tofieoa. 

The oto« omntod mtoorial wUto nmit alwaya 
aeoDamny tomb ta omb, and althooffb H b uwsl ta 
only ilHit OM 0«s4tttBdi«dth toa qaantUiy aa thorb, 
yot Ha ibaailatry b ]nrt aa tmpartont and fta purity 
fi 1 ■ mxnitil I amibd to my that tob produot b 
«m Ptoor toft whan ft. Anar Ant nasd It even b 


larger ptepurtions b hb btbanum-siraunluniHierlum 
mantle. oxide of ecrinm tom obtained was of a 
roddbh.brown Uni. while that now manufaeturod u of 
a light yellow mliir, the former prodiwt having been 
ilighUy nontaimnalod with neodymium, th« last tracm 
of which were dllBault to remove. 

By way of variety, and in order to add sost to Ura 
work of tbe mantle chembt, bo hns also to manufae- 
tun beryUinm, simonium and neodymium, each ot 
wbleh he usee In a limited way, and none of these sub¬ 
stances ate really easy to produoo. 

Radlo-ehembtry has moently thrown the thorb mann- 
faoturer bto the “UmeJight" beeanae of a radio-aeUve 
product tome hundred times stronger than radium, 
which oorurs in and b produeed from toe toarimn 
wbleh he manufaoturee. I refer espeelally to meio- 
thorium, which a suffering and strirlum humaidty haa 
implored the thorb manufacturers of the world to save 
for toera, and which these manufacturers are now 
unitedly conserving as a suhatitute at least for radium. 

With tho poasIMn exueptbn of the meao-thorium Just 
referred to, every preblem we have mentioned has a bear- 
lug upon the l■haracUrbtios and qualitua of some or all 
types of ineandeecent gas msntl^ There b another 
and no lew Imiiortant problem, however, that should be 
alluded to, and that b the preteetive ooating that must 
bo applied to a Anished mantle to strengthen it tem. 
ponrily for transporbthm. In tbe early part of 1S88 
we were dippbig the Anbfaod mantlo in an aloohoUe 
solutioe of shellan, made sUgbtly Aexible npen drying by 
the addition of a little castor oil. Bobm wsi a yed to 
strengthen the mantle by the nse of paraIRne, and 1 
have in my rollootion of ounos a mantle imbedded In a 
rake of peraAne, which was to he romoved by the malt¬ 
ing away of the paraffine wax. 

The invenibn ot soIuthiM nf nitro-odlnloee or soluble 
ootton opened up a now Aeld nf reeearrh, and the knowl- 
edgn gained of too many tsrinus forms of iiltro.oeflnlose 
and tho nomeroue snlvnnts therefor, tegether vrith the 
knowledge and wmtrul of such charaoteristics aa vb- 
ooslty, hydrosmipie effrcti, etc , have made it now pos¬ 
sible to prepare rnUodion solutions of slmnst ideal 
qualities for mantio purposes. 

And what are these idealsf A culhidion must be of 
tbe proper vlsooslty for mantles to ho dipped in and 
withdrawn from it without rupture or stnin; it must 
dry quickly witb a Aim stiff ononrii for the mautle to be 
baiidled with safety, and yet strong and ebetio mough 
to resist handling sad shook; it must bum off slowly 
enough to prevont tho muUe from bueomlng aniwalpd 
or softened, sad yot it must not leave the mantle body 
sticking to tbe rap of the humer. A eoUodion which 
answers these Ideal ohararteristlea b now reallaed b a 
mtni-cellulan solution b a mixture of solvents with 
camphor made flexible ehisAy by the nse of castor ril 

1 said In the begianing that the type of spentanular 
dovciopmento in the Ineandesernt mantle Industry were 
apparendy over. At ibe close of thb very genond 
review I am. however, strongly tempted to modify tUa 
statement, and to cUsa the oomnurM devekipmM of 
tho arU-Aber or artiAclal rilk mantle in thb eUaa ot 
lobieveiiients. 

ITw manthi manufactnrer has held before bimaalf tar 
a quarter of a oontury aad mote rartab idoab toward 
whinh be has oaresstiy striven. Home of these have 
been strength with dastioity, high and mamtataed 
candle-power, preservation id color aad abaenoe of 
shrinkage. A realisation of these ideab seems Anally 
to have been met in too mantle made from the hnndlc 
of elastlo, spnng-Uke Ahers known as artlAoial silk, for 
the strength of tocse mantles certainly b aomethlng 
phmamenal, the high bitud oandle-power b not only 
maintained, but b frequently inertamd. Thb b made 
possibb by the practioal absmwe ot sbibkage upon pro- 
bmgod borning and by the very euriona phoaomanou that 
thb mantb does not worn to ooUeot tbe Ane mineral 
dnat ftom the atmosphere as do tooso manufaetared 
from toe shorter vegotabb Abers, ootton and ramb, this 
sUblons dost having a very great affinity for the basb 
mabriab of tbe mantb body. 

The attainment of thb ideal bM been raeuibed only 
after yenrs of porabtont leseareh guided by many more 
years of experienoe b mantb maimfaetare. Old theorbe 
had to be abandoned and fornur OMthods oomidetdy 
obanged before thb mantb was oomnMceblly pomibb. 
Thb WM a oheiiiioal problem of great complexity, and 
Its eueesMtuI tolntion aronoei snob entousiasm within 
me that T am tamptnd to todude thb among the radbal 
and speetaoular devatojnmnb b our bduitry. 
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A cliM ihdl from CMm with laiagM of Baddha corarad with aMthar-^-paarl 


The Artifldal Prodactioa ot Pearia 

By F. K. CUdeatfr. I'h.D. 

'i'liK Hhetl of the muHiwl coualala of three layeia. The 
iHilalile horny laj-ur In called (he pirtoitracvm; the 
iiilildto pristnatio layer la formed from tiny prUma of 
cnlclum carhotiMtc nqiorated by thin laycra of the homy 
niiichlollu found In tlio perloatranim; the Inner layer 
la the naore or “mother-of-pearl," which conilatB of 
alternate layera of caldora cnrliunate and conchlolln 
nrranfied parallel to the anrfaee. The porioatracum and 
the prlamatki loyora arc aecreted from the edge of the 
mantle, while tho nacre la aecreted from the whole of 
the epidermal aurface of the mantle. (Parker and 
IlnawelL) 

Many ceiiturlea ago the Oblnene dlacoronxl that If fur 
elgii Mulaitancea wore placed between the mantle and tho 
aholl of a moaael, In many caeca a coating of “mother- 
of-)amrl" waa laid down. The photograph ahown here- 
wllli la ot a clam now In the (lonohologlcal coMoction of 
ItnIgorN Oillege. Tho wire Imngm of Buddha were 
pbiocd In the ahell, and after a time (probably at leant 
a year) the ahell won removed from the water with the 
liiiaaca uniformly coated with nacre. 

Tho JapaneM have developed the earllci work of the 
dhlntwo to a greet anterprlae under the galdniwe of tho 
late T’nif. Mltaokarl, opening the oyatera allgbtly and 
liiaeTtliiK Mta of aaud, Images, and parilclei of llme- 
Ntoue, with the result that In uiauy coses pearly ex- 
cranccnces, blisters or ‘Vulture pcarla" arc produced. 
Thrsn bllaten are not of any greet commercial valne 
and, until reoMitly, allemiita to iiroduce free pearls have 
liecn iiotabjy nnauccoHafnl. A Jaimnose adenllat, Mr. 
Mlklmoto, baa pnaluccd a few small treo pearia by artl- 
Udtl means, hot with aoch dlfflonlty that the enter- 
princ In not ctimraorclally prufllablc. It remained for 
Hr. F. Alverdea, working In the laboratory of Prof. 
Kuracholt at Marburg, to produce free pearbi by mechan- 
Icnl treelmpiit. 

BcTcral canaea have been anggeated for the origin of 
(learls. ITerdman thongfat that Ceatode larva* were the 
Hole cause of tho formation of (learla In Iha Ceylon 
penrlM)yH(pr. (Jameeon ’12a.) .Tamcaon COg) showed 
that In the edible mnooel, ilpHlmi rduHt. pearia are 
formed as a resnU of the aUmnlallnn of a trematodo 
worm, tlymnoiiballus. In this case the worm la inr- 
rouiidivl liy a hoc composed of the abell-aorretUig 
cpldcnnla, and the aac lays down concentric layers of 
.shell Kohstance and forma a iicarl. Janmuin oppoaps 
the tliistry of llpnlman that the pearbi found In thp 
Ceylon oyslor an* caused Iv a tapeworm and corndden 
foreign nuclei na eaceptlenlll. (’12a.) HubbplI ('ll) 
OPISMHW the iwrasltlc origim Of pearls In the freah-water 
nnisM-l, Diidliig (hat they oilglunte around partlelcs of 
ille cliltliKius perloslrucum. 

Hr. .Mrerdea dlatliignbihed between nucleated and 
iKSi-niiclpiilisI iKsirla. Tie calla a nuclena a ceutral body 
iioi isiiiiiKmi-d of ung.of the Nhell-aubatances. Pre- 
I|iictit),v the eeiiier of D ]iear la a |iertoiitiacnra center. 

... . of n iiearl may be a pamidta, an ovum or 

ii fnigment of Uaaue. or even n bit of quarts, (’li) 
Mvcrtles luJivUsI Into the coiiiiacUve Uasoo mantle 
l•amnchymn fragments of the ahell aecTCtlng'epUtovmla 
of I he mantle, and In other caaes a diak ot tissna coo- 


lalulng both the epklermla and the dilated lining ot the 
mantle cavity. In both caaea the epldermla Uvad 11 It 
fonnd Ita way Into one of the cavldm at the pann- 
chyma. (Jameson ’14.) It sorronnded ths cavity with 
dildernila and formed a chmed pearl-aac. Jameson ctm- 
clndes (*14) Irma the work of Alverdea ^Dd othera that 
tliQ real determining factors of pearl prodnedou are to 
be sought In tho presence of an Island of «4dannal 
tissue In tho sub-opldertnal ttasnos, thbi Island having 
been formed by mechanical pro ae sa cs aa In Alvardtn’a 
caiwrimenta; by a apedfle paraiilt« as shown by Jame¬ 
son In Mytllna; or aa Rnbbell baa shown In the fresh 
water mussel from a derangement of the normal maA- 
iiiilnn of obeli secretion. Alverdes’a experiments proved 
that a nucleus la not necessary for the formation of a 
(tparl. 
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iMlutiiil Vac* of HydroflHOTk Add* 

The larger vrorlrn on Choinical Teohnology' giva the 
following usea for bydrofloorle aeld;' 

1 —liquid or gnaeuua hydrogen fluoride is used for 
ntohlng glaaa. The liquid leavee a amooth tranaparent 
Hurfaoe, while ths gaa leavaa a rough opaque luiftioe. 

3—Hydrofluoilo add in eonneotion with fluoridos of 
the alknllot and some other additions, sueh as aeetio add 
or anlphnrio odd and othen, are uaed for froating due. 
For this purpose there b In general nae a lolutioa ot add 
anunonium fluoride In hydrofluotie add. This hoa ths 
trade name of “WUto Add” and eontains shout 32 per 
cent >IH4F1IF and 20 per cent HF. It worhi very 
quickly, e. g., ths froeting of eleotrie bulbs lequiiea only 
about a minuts. 


3— In Uto ■Msii^ishss . if 
t^ tM 

gmduBlIy fwilsNA faBMpa* to «i» 4«Mto ^ 
or Hi tolto, to toat tho ytowtilHirk atolwtoai M[«». 
bastorfa wUeh esMto the fomtkto al Mto <{f 
acM aM kfliad: thha b ponr pnM and a 
■nobtoliMd. VtoywaaniMwmtorf l iyi r m to flBhl^ 
are ndMiat. Bflraat, who wnrfead m* kdi u n e toi ,' - 
nsamniandi thn 8 to 10 gmatoto hydnifto 
parlOOUttoiofittaah. ItbaotntodihlihiaiaBafMhto 
of whisky, aa It b faond that H laay hato aa laflniart 
on tbs flavor. Thta oaonu to he well toiata. ee t||a 
flavor of whbky b'at liost partly dua to otbn el ^{a 
tatty aoMs. 

Arnmnnhnn fluorUa b, however, wad la ths fenwie* 
tatlon Induatiy to ete ri M a i vw da sad rnhbir hoaoi But 
thaw aw always aaiefnlly vradiad with wator heCiM tiHqr 
ora uaad again. 

4— For tba preparation of hydrofhkwflMe add and He 
nlto. (Mo baan .) 

6— To remove eUnlios fron the Jutoe ot ongK btoto. 
(Thmpe.) Thb b ptobaUy mly a pmpotol and H b 
not likely that it baa ever been ooiiled out on a targe 
Mile. 

0—To remove aflioa and dUoatoa bom graeiad aie* 
thradto to bo need fbr tho nmanfhetate of a r ll ll ali l ooal 
tor deetrleol puipoaea. 'nia proosas waa eantol out 
foriomeljmeaaabigeaeala^F. v. Btodtanith,* bw 
was Anally ahandoiied apin aa too axpanafre. 

7— To purity cmda graptdta. 

B-For treating aarthmwam vhmIs to rmdtr ffam 
more porons. 

The loot two uait aio mantlowd by Pnf. Priat* In 
1003, bnt 1 eonld not And any details Is tha Uttratuie, 

8— In dyeing, the anttmony add Anorldd b wod aa a 
lulMlitato tor tartar e m atie. 

10—To lemovo anbataagaB whMt have hem addad to 
dlk to mako it aniaw haavlar. (Dammir.) 

Thb proeam b ptofaohly natd only la tha labontofy 
In tha axnmination of dik tahrioa. 

1 l—In tha bbotatoiy, to dbadva and to remove dUwr 
free or oomhliMd dMrio odd. 

13—To dean aand from oaat iron and to nmove 
ohstnudons from natmal gas or oil wdla. 

I have not learned how mneh the last mniad use ot 
hydroAnorio ooid to pmalbed. 

Tbeae lost two neee are iqipaxeaitly not praetbed In 
Europe. They are mantiMiad in aome of tte wmhi on 
ebaminal teohnology, hat them oU rate to an arlioto 
puUtahed by myedf In 1800. 

To thow nseo whbh have been mode known tbrouidt 
diflwent pnhUaetioiii, the WDowInf torn, whlsh u fu 
aa I know have not baan pnbibhed but are in nw In tha 
Unitod Btotss, ean bo added: 

BesUae fw deonlag east bon. the aaid to atoe wed la 
Urge quantittos dther alone or mhmd with nlpbnito 
add to dean stod pipes to be wed to Indoee alartdaal 
eondnlt wires. It to alae viry naefbl for daonlng bnoi 

anil ■fntflwp owflBga, 

The paittoular edventagw over other methqde for Um 
■ me pnrpoee ore; 1—This odd dtaodVM tha aand 
dlroot, wblla otlnr addi only looem It and eaiiM It to 
drop off by dtoodvlng the metal andemsth. Hydro* 
Aunto add also dbsdrM the magnelie boa odde 
(FoCM mere twdlly than enlphurie aeid cr faydroeUocto 
add. 3-Hydn>lliiorieaddtoav«adaaaarsalbeaaad 
daw not penettato into the eoatiagi as OtlMr odds toem 
todo. It oastinciwUeh have boon etoonod with mlphn* 
tie or muriatto add are well wadwd and dried and dter- 
waid eoTwed vrlth metal ot tasqnor, h happena qdM 
oftan that tha lattac ora taiwad by asoreaodiaw attrOng 
from the metaL 

In deonliv pipM for elaetrtoal eoadnlti only ths laner 
ddo to of ImpoitaBM; it mod be pMfsetly nooth, iq 
oa not to iniore the ooverad when whan they am pdlad 
through. Onthainddeafmetolii^tharsanpotohsB 
afmdtoditag. Thme ew be rakowd with idphnto 
ormurlatieaeidohlybylodngeonddarahlametBl. tide 
dog, beint a eiltooto, aad ths magndlelron are 
dtoaolved dtowtly tqr tha hydnOnotto add. neqpintly 
a adstura of lul^n^ and lydroAiMito addi to i^lw 
otoanlng neh pipe. 

Ood atod ean taraly ba ekaatd to adAntage wUi 
hydradoafle add, baoMua the loam naad bo mMt to 
bahed imy hard and dfaaolvw vwy dUfd^la liydi»>' 
AnnAe i*4A- 

Oadli«B and pipe an ehaned to tha (cOmring riwtow 
Tha agU to w«l to mntol drwgtta, M09(dh« to 
<»ndbiw d tha maidU to be deaned aad lUanfirtfe 
time. Oni part 30 p« MM lydmttaptto ad4 to nddid 
with 4 to 40 parti ot wtttor, whtoh tfmn loliiMMilji 
tatolag 10 tq O-Y p« emt hyfNliwto wdi: 
wMdto toU to pnindila It oBeugh qtomle'MlKlft W'; 
to tonre the MdhQi to iho add iWto 


• owabto»,in.‘-'.j;';',-I'-v ,■ 
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Ji 14 iMon to thM 

'•t^dX'--Cm9»a#r^ aoN mU fa r«iafa«d if 
<Mliy»M<<faiiMlbottt»tla<of rt a nliit farida^ 

MinttaC «• fWMSj'ONd. Dor wanaaiy in liud^ 

grf-" -r^r **"ir *" t^**^ *-** — 

«Ml IwftflM <« th* fate Md dl^ iBMller thM 
tfal ini PM. Thb hM the adnotafp that thp wsd 
nUdi (Ufa oC imwIm m tin floor of tha inner veMel, 
fa lltMtf Ml «i|k it and fa tkm ranoved tram f lutW 
Mtlofapf llw Mid. 

H|ntt« MOtfante the notei of the Mid Uth. whioh 
«M bo Med fOMPtadly if for army fteeh bntoh of oMtlnfi 
hbovi 1/fl of tfae ■moont o( Mid ocifineUy need fa added. 

If ttie eaitlnti an to nnain hrfajit they ahould be 
WMhri with hot wator m aoon m Ihv ooma out of the 
add glahloi to that they diy off qnieUy; otherwfae they 
eaaboiraiiiadtrtAooU watM. To the bat waih water 
aoma toiUi of Una fa anally added to pnrent niatinc. 

Uate tha pabifahed MM of hydrafluorfa aold. the one 
fat nighlaf fbaa WM mentloMd fM; but it fa my atrance 
Indaad that dn um of atnng bydrofluerfa aold for pMik- 
te aat flaet, wUah hu bean in piaotioe for a number 
of ynan, fa nowhen mm tinned. It atarted about 18 
yean aia and fa at pnerat probahly in uae in aU of the 
'ant ^aaa hetorfae in thfa oonntry. 

The bet operation b mannfaotorinc out Kbae fa the 
polfaUnc of the lorfaeta which have pnvlooaly been out 
bto the glan. Thfa wm tonneriy doM with oslde of 
tatm or odde of tin. da every jdane had to be polfahad 
eeparataly by iUUad labor it wm alow and eqtanalve. 

▲ flner pollah fa now obtained in tbe followlog manner: 
For vaeae ind dmlbr ehMiea, where the polfah fa required 
oiny on the Mtdde, a wooden etoppet fa oemantad in 
water-tight with paiaflin or wax. Other fnrfaoee idiioh 

[rho edWon ora aot mpotuMa for e f a taa iaaii mode 
fa the eerranoadaaaa ootaaM. daoayaioM eoataumi- 
eeffoaa omaol to ooaafdered, bat tha nemat of corre- 
apoadeafa tofM be wUkhM whan to datfrad.] 

A Parp«twl.Cn|fl«iar 

To the Editor at the SaaMnno AMiaiajjr SamauaNr: 

I have eMMwtnnd with a good deal at Intenit the 4,000- 
year oelendar printed in the 8iirn.»a ht to the 8ui a n ti rio 
AimbiOxn on pefe 400, Deoamher 10th, 1014. 1 have 
doM a good deal of work on oalendan, and I have taken 
the ttohhb to atody Mt thfa rather oompbx affair and 
And h tanot reUahb. I amtee a tabb of datee which 
I have looked up in thfa calendar, with their oomperiaon 
with the OMiaet dataa. In thfa tabb then are twelve 
old-atyb datei, and Kannady'a oalandar givaa eleven 
of than wrong. 

Tha atuMe horn oU c^b to mw ityb wm made in 
Bngbnd and Imt eoloniei b Beptember, 1763, the daye 
betwoen Septenbar And and Uiji being omitted from 
thb SMnth; but tbara wm no eliange in tbe euoeeariun 
of tha daya of the week. Soptamber 2nd. 1763, wm 
WodMtey and Baptaenber 14th in the mme year waa 
T1u>iaday,baincthefQllowiiig<Iay- Kennedy’) ealendar 
givei boto of theee daya m Tburtday. Kennedy flndi 
that OotanbM dboovered America on Monday, while 
fabtety teOa m it wm Friday. 

I hava mclMd out a oabadar very mu«b limpler than 
thb of Eannidy’i, whbb oovere the whob Chriitian era, 
and am aendfaw jm herewith a photogimphb raptodua- 
tion of it If tha Bommyio AuMcau BurruiUNT 
datfaea to publiih thb I ehall bo ^ad to have 

it do to. Tba axpbMtlooa given at the head of the 
era aU that b nnonmarr to make it obar. 

1 MM abo in Kanaedy'a oriandar that ha takea no 
aeooutofthebettha*pnTioMtoUia3,wlwntheEng- 
Udt Btogy WM iwvbed. tha extra day in February waa 
imorlad batinaB Fahruaiy 23rd and 34th, whbh imatioe 
aatenda faaak to tha tbM of Cioaar. My oabndar pu- 
tUh far thead oxoeptioMi daya. 

W. J. SnbLNAX, 

. Waahiiigtott, D. 0. 


■a M aneo M t of pbaa of intarcalary day pra- 
IflBA (Btenan Fahraary 2M and 34th). 
ilalM acracB thnoghont Emwida; 

. Kebnady True day. 
m 148 (OA) WadMaday Tburaday 

nth, 2(0 IQA) Monday Wedneaday 

. Oth. 3te.(0A) Bemday TnaadOy 

' Wday Sunday 

Uth, in8 (0A) Mtelair Hday 

. tM^sntOA) 8wday Tuaaday 


tbl that an auifacaa to be polfahad muit be alMolutoly 
alaaa, and espeobUy tree of every trace of greaee. To 
aoeompUah thfa, they are bruihad with loda lolutloa 
by gi^ who wear rubber gbvm, then they are waahod 
In oban water and after moet of the water haa dripped 
off they are dlptuid in tha aold bath. 

QenetaOy a mixture of 1 part by weight of sulphurio 
aold, OB degieu i Baumf, with 3 porta 60 per nent iiydru- 
fluorie aold b employed. Thie mixture ie in a bad 
veanl, large enough to eubmoive tbe largmt pboee to be 
pulfahad. It fa pbued direody in front of a ventibting 
tube, through whbh a ventflator oreatea a itrong euetbn. 
Thfa prateota tha polfahar from the etrung vapor giveu 
off by tha acid mlxtoro and he naaifa only a rubber apron 
and bng rubber giovet tor bfa peoteetbn. The per¬ 
fectly clean and partly dried off pfaoea of gbeaware are 
held one at a time from X to 1 nunnb in the anld. and 
than immadbtoly dipped into water. 

By tha aoUon of the aold on the giaai a thin erual fa 
fon^ acnefating of oaioium fluoride, probably with 
aoma eulifliate of bad and mdluni or potaeaiuin fluoride. 
Thfa fa nmoved by bnuhing with water, attar whloh the 
pboea are waehed off in clean water and dipped again 
in tbe acid. The potfah fa ueually oomplete after throe 
dlpfdngK. Every pboe b carefully hupeoted and do- 
fe^ve epota are polfahad by band; U the grinding wu 
oerafuUy done, thfa fa rarely nocoeeary. 

Ezperinusnb undertaken to poUeh pbto gfaw in the 
manner deaoribod did not ptoduoe eatfatautury rveulte. 
The luifaoo obtained waa gloany, but in plaoe of bulng 
perfectly amooth, aa in the eaiie with out glaia, it waa 
■omewhat wavy. This differenee may Iw cuuod by tho 
materially different oumponitiim of the two gfamea or by 


The following letter received from Mr. Kennedy ax- 
plaina aome of tba dfaerepaneioa that have been found 
Inthaiueof bfatobfaa; 

“Tba tabb fa abaolutaiy oorrent. but thare are two 
■light airari in tho oxampba given, which require oor- 
raotbn. 

1. “Kxampb 1,” your proot-raador luu inverted the 
flgnrM “80“ making it rend “OR.” 


tba apparently dlffenat manoar at their iwoduction. 

Buildiao and monnmenU, partbulariy in induetrlal 
dfatrbb, obtain in oonne of time a dark color. Thfa 
can be removad and the original oclur roetorad with 
hydrofluorio add battw and cheaper than in any other 
way; 16 par eent add fa generally need (30 per cent le 
dltutod with tho lame volume of water). Tho workman 
weuR rubber dnvea and proeeeda a« felbwa: Two or 
three equare feet of the inrfaue are Anl moistoned with a 
bruah or aponge, then painted with tho 16 per eent aoid 
(for lirgw inrfaoea a whitewoah bruah can hu iiRud). 
After a minute or t?ro the aurfaea fa aenibbed with a etiff 
bruih and rinied with water. The action on gnuiito 
or eandstone fa nc^igibb; marble fa acted on a little more 
and it fa advieabb to prutuet pulfabud eurfacea. 

The gfaae roufa of gewnhouMn are cleaned in a eimilar 
nuuiner. During the tummer thoae are uauaJly whlte- 
weabed to moderate the taye of tbe lun. ThJi inoteeiivu 
oovering, on which also aoonmulatoe aunui diwt and wmiI 
during tlm lummor, liaa to bo remuxed in tliu fall, um 
during the winter all the sunlight obtainable fa iinulod. 
This fa done by painting the enrfaoe of tlie gliuoi with 16 
per cent hydrofluotb aoid, ueing a 6 to 8 inoit whilowaah 
bruah faetened on a bng pub. After a few minutoa, 
when about 8 rowi have lawn painted, the acid ia wanhed 
off with water. In thfa manner the gbaa fa made on clear 
and tnuuparent aa new, much hotter than woe formerly 
poaallib irith muriatic or ozalio aoid. 

If tlio houiea aro eld and tho panes of glam nut al>> 
aolutely tight, the ghus In thoee housee wburn furna, 
smilax and uparagus are raised ahould be eluanud l)efure 

apota from the fumes of the aoid, widuh poaetrate through 
the uravioes even tiunigh the fumes am nut pMsoptlble 
to buxnan beings. 

2. “Examplo 3,'* fa my ovonight. “In century table 
opposite 0“ ahould road, oppoaito "I", fur tho beginning 
of tho century waa January lat, 1. Thun follow thfa by 
"which fa e," added to 1 gives Saturday, instead of 
“Friday.” 

Tlie Christian F,ra liegnn on Salurday iustuail of 
“Friday.” 

None of tho readers of the 6opn.SMENT acems to have 
dolootod thfa, and I am intorestod in having tlioso little 
orrura oorraetod 

H. F. Kknnkiiy. 
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The Gas from Blast Furnaces—IV* 

Its Cleaning and Utilization 

By J. E. lohoMm, Jr. 

Condudod from Sonumno AmuoAs Bommoarr No. 3043, Paao 137, Fdtraoiy 30,1010 


HCTHOIM or OVrtIRIIINIMn THI AMOUNT OT tVtft IV 
BLARI^rUIUIACV GAB. 

A MVTUoo omployad with lood raniti la Inrope for 
detormlning tho amount of duit In lb* gas oonditi In 
dntwiag a deBnIte qiwathy of tho blMt^nnuuw bm to 
bo tcBtod through a filter, whieh b weighed In a dr; 
oondition befon and after the teat The appaintiM for 
detenninJng Uie amount of dnat eonaiata of a glaaa tube 
drawn out at one end and fitted at the other with a 
ground-glaaa ootw whieh ia alao drawn out to a thin 
tube. Tbia oover faollltatea the pbdng of the lltoring 
material In the tube, and during Um taat the oore 


auction of pninp f or by pnamtra In gaa aaab i, an 
Indleatad, and eaa be aeeimtely anaboUad and made 
equal to tha aalooity of the gia or gaaaa in aaodaH A. 
Iha gaa main, aaeh indloator baim tht oA pfatm ihowB 
in glaai tuba forming a part of tho TilMMy Ma 5. 

Hie neOiod of oparatiiig thli apparmtu b aa fot- 
Iowa: T%a dry wei^ of tha flltertag andfann C. of 
the reoeptaala 0, eimtaiBlng the ealetum aUorida, and 


aMdiai(7,btlaeaaa4aftarlhatail,dMladl9*iaigh- 
bar af anbb obNa ahovn by tha aiatat, dw tha 1N%IN1 
of dnat par anbU vail, namalrtafaitf avbiavrikti. 
gaa la fovMl Iv a dmibr MBMT Itevi the um al the 
wdghli of the wat» In drytag ■imptaiili ff. ibd wm 
eaagkt hi tha miMoilag Saak attadiad ta aatAwa adn 

dana* P. and the weight of «al* ntaMI la tfcaAaiW 



it faatened to the tube by maane <d wire. Before the 
teat, the gUm tube, flUed with luitaUe filtaring maUrtal 
U placed in a drying furnaoe and heated at a terapwa- 
tuM Of 1011 dig. Cent, until tU weight is oonitaat, whieh 
usually leqniiue from 1 to 3 tHiun. The drying furnaea 
la Birenged lo that seven] tubee ean bo dried simnl- 
tanoonily. 

During tho drying procou air ia dnwn through the 
tubee after having pruviously been thoroughly dried 
by paasing through bottles containing «alohiin chloride 
and ooncentrated sulphuric acid. During the drying 
pnxwai the tubee are weighed until no further inorMae 
in weight la obnerved. 

In maktng the tcit, the weighed lube eontaiaing ita 
Sltorlng material ia liwerted into the gai main, a ruhbw 
itopper keeping the tmt-holo tight. The uppOT end of 
the tube la oonneoied with a gas meter, whidb in turn 
ii oottneeted with a barrel ftUed with water. The watw 
la allowed to flow out of the barrri and In lo doing oreatea 
the nnaeeiery luolion to draw tha gai Unoogh tha flltar- 
Ing tube and through the ga« meter. When the naoamaiy 
amount of gai hae been withdrawn the lube ia again 
dried and widghed. The I no r es l o in weight deoreaae 
the amount of duet in the quantity of gee tMtad. 

DBOWN BUM, MOMTUaV, AND VOLUMB DBTMiaNATOB 

rum BioBT-ruaNAca and omna oaibb, 

TUs apparatuf ha* been deviled in order to aoounUdy 
determine the amount of duet and moiiture oontalncd 
In bleaUfutnaoe gae, aa well ai the volume of tha gae, and 
b uied with ooniiderabb sueeeae. 

Referring to tho aeoompeaylng drawing, Fig. 30, A 
is a gaa main conveying the gaa to be teated. S b aa 
aperture in the small pipe through whieh lampleB of the 
gas an drawiL (7 b a flltering medium within which 
the eolid oonstituente of the gaa am depoeited. D b a 
conduit leading to the estcrlor of the ^ main through 
whieh the flitetod gas b omduoUd. S represents a 
Ilexibb ounneotlon to a surfaee eondanser, F. 0 repro. 
senli a reeeptaeb for aoma aheml e al, enoh ai eileium 
ehloride, whieh oan be used tor the purpose of taking 
out the mobtum oontalnad in the sample. 17 b a oon- 
dult horn thb mabttuwrsmoTliic meeptaeb to tho rotary 
air pump, /, or through the by-pasa / to the thmo-wey 
velve K and thenoe to the gaa meter L, where the Tahime 
of the sample b determined, together with he teinpef*. 
tuio and preesute; theae latter by means of the thap- 
mometerlf andtheU*tabeAr,mepeohvely. Aaelaotrie 
motor, 0, b need to opmte the pump / throivh the 
varlaUe.qieed drive P. 

An indication of tha valoeity of gee or gaeee In aondnlt 
A b tnnsiuitted through ^lertan Q in the inmpb 
pipe and conduit A to hofiaontal priaiiirii gage S; 
abo an indkatioa of tha valoeily of gat or gaam after 
palling apertqg^ B, b toanemlttad firom i^ertum T 
through ooniHil U to horbontal premue gage 3. It 
b evldaar that ohai«as ef the valoaity ef the gaa or 
gases la a p mt aiu B of mamb piatL proitaead by the 


1 . 11 II! 


.!! In 


Pig. 81.—The eoarae ef the gas Ihiwngh the c 

of the meeiutlng fiask attaohed to lurfaea noniivapir 
P, am very eaiefuUy daiennhiad. They an then in- 
Mo^ed In the appantui, tad the eampia pipe b then 
Inserted in the gae main, a tight eonneeition being made 
between flange IF and bushing V. The mater leading 
Is noted. At tha aame time that the sampia pipe b 
inicrted in the gas main A, the time b noted, and tha 
rotary pump / started. The speed b thim so regulated 
that the dl piston in tha horiauntal pr e ssure gage 8 
b matntalniBd in aqufllbrhiin. Thb im^tes that the 
veloeity in aperture B b euetiy equal to the valoeily In 
gas midn A, thb oondition having been determined by 
a measured amount of gaa In gM main A, and the 
proper proportionliig of apmtum and eondnlla in tha 
smnple pipe during the calibration teats. Thb emdl- 
tlon b milntahisd for aa definite laagdi of time and 
the sample pipe b than withdrawn hwm gaa main A. 
The meter rea^ng, multiplied by- the ratio of area of 
aperture B to area <A gas main A, givea the totd amount 
of gni paating throu^ gae main A in the eiagwd time. 
The dUreienoe between the dry weight of the flltering 


Figs. 31 to 84 asa nyiMdnaad flmn Mr. DbU'a paper 
as drawing approved typaa of eonatnatiaii. Tho test 
of htr. Diehl's eoaoerna itaalf prlnetpilly with operatioa 
and win be quoted In deaUng with that subjeet. 

In addition to tho proeeana m oba^ daaodbed by Mr. 
Forfaas, tivoa are variuns othera deei^eed to remora the 
dnat from the gae In the dry sUte. but aa thara have Iwdl 
no numin oppUsatioa tor the blast hmioee proeem, 
they nwy be ombled hare. 

Bvmi tiiNM the time of Mr. FoiheB’ paper thma bm 
been an exteadra deraiopmaat la ■nrepa of the EaBNr^ 
gm^Befe projw of whlA there ere now aliaeat Ihfaty 

inareadaf. Aaieriean farnaaeiiiaa have hami ilaw to 
take up Ihb prooem and have aatad te thb matter aloag 

tho aame Uae aa inmaay etiur Moao; whmu am vpmtw 

raqulrm eaiatul eapertUoa or when Ita mahiWumae 
ohaiges am Ugh. opmatiag eooaombo aaemed hy ta 
use are dbregudad. The eama hw bemi bne in ligpid 

Unda of apparatus. 



Fig. It ■■■ g ati tai tki i w k tike | .■ y4^^rl^ o ta »l M; 

«ho taM'flta OK Agt jtat 










sienEimncAiinacAN sumo^ 



Fig at-SfcUM thfMgh fM*. ud mtho< of pudu tu thNagh iMli 
Mid Mpantan. 


Tkli Mtitiid* M one <rftan oMMured not onljr by (or 
MgMis. Imt nlro by AmmoMio who do not oonnUr oU 
tho HiMoti «t mob profalBiii pwtfandariy tho flnuunal 
OM Tba nbtivo fdiMynoM of onplul ud nip«nnaion 
and tha oootHn— «t nw mntanab in Knrapo u eon 
tiMled witb ths Ugb oort ot aapital In Amanon Mid 
ibo low ooit of tnw mntarinl oomUtuto m no nnidl 
mMonin n jnntWontinn lor tho Anwnonn ntutude 
Ttan is nasoB to hope that a proooM moy won be 
dmlopad snpaiior to sitbar tba wet p w eaww or bag 
fllttatkB and Iwa eanmiioated and difioult of 
mamteoanwi 1 nte to tba CottreU proeoM (or the 
elaatneal preeMtatiaB of the dnat by a hi^ tanaion 
dneet ennent jawing tbronidt tba gw oolunB Tbb 
ptooHa baa ben dareloped to eoaiplato MioaeH In levena 


tinea of induatiy but Iti iponion have bwitaiad to 
attaek the Uaat (ntnaee i»oblem on aoeount of lU nae 
and the oomplexity of the aoDditiona If thia jrioeM 
ahall ever be worked out to a oommeroial inooen it 
win fumiib gna abeidutdy ohm with no lota of tern 
pemliiTe and with no inaenae in ita moutura Thaei 
are the ideal oonditioiia ( r the lue of fiunaoe gaa (or 
oomboituni inupoeae For tho gaa engine it moat m 
any event in pceeent prartue be ooolod about to at- 
moapheno tenqierature and tUa of oouxw ean eaoly 
be done after the gw la removed by a direot apny 
Perb^iB the tune might even oome if hot akanod gw 
wereavwlable tiiat the gw engine eould be adapted to ite 
nae and thereby further mneaw ito eooaniny 
In eonoluwon it may be mdd dutt it la unpoaaihle at 


the preient tune to write a hiatoiy of gw cleaning 
The whole devei pmont of the s ifajeot in thii eountry 
ooveta barely 10 yaara m all and mne-tentbs of it hw 
been u the iaat 7 or 8 yeara Tbe advantagea have 
become manifeet an I aU f inuuom n have wnght a 
way rather than tka way t4 clean the gaa and undoubted 
ly they were right m thia ooune for the |danU naulled 
early even though not tbe Iaat word of perfwtion m 
the anbjett will have pa d for tb ma I ea m bettered 
operating eowbUona befon the much to-be-deanred beat 
method la developed It a poaeil le therefore with tbia 
rapid development m prognw to give only an onthne 
of the anbjeot and U aUte br efly tho pruunplee wbwh 
unlerlyltaaipb at n To I th a haa been tbe attempt 
of the preaent arti le 



llithMBgtia Hid Artimiy Sdeoee 
At g lanant matting of the UaUinnatical AaaocUtlon 
in London Sir Qaoiga OrnwihlU made a remarkable ad 
drta in whlsh bs brougbt out atrongly the relaaona (t 
artanoa to war and partlcnUrly amidianlaea the almoat 
hoptliM pwdUeii ct n country tbnt la auplnely content 
with On nrafna of n oentniy nga Amartot might loam 
a turinl taaon trcoi tba following abstract of tbe ad 
dims dHlvad fcoto ths London naiea 
Hr Oonisi GManblll aHd tbat laa tbui aU mootlia 
ago the antnaiy oOew wonld have atld tbern was no 
aoah thing an aatliHMtlaB in aitlUary ncto a m , But 
that oHtoak tarn mw awtat htotory Thia waa a 
ntaibiHgaeal war Dmwlng npcn bla upeilancn aa a 
pccdtoM eC anmary tbaory for Inatoncea wtatn aelanee 

aoHd laain itaHt «MlU an HCVlan be aiplatoed bow 

pamnidun e( ton «Mavs gnim noted bn dadneed from 
tagaM of thd wan of n ahtel and photognpUe pto 
taten fM n tapMot tbH oaald ddanliM whathM 
t 4da dHga ftqB ana M the dtHWttMHc bawllam, 
the HdaMaaa nd whkh aMU appaaied la doobt. 

wlBt the cteateadon for aaoartnlniag haw (te 
Man mm atnbd ftnaa n to avted Ow dangar of 


(wattoywdbtddgdlhai i ato tim a tor howiate and ao 
fhb«M mte di f to ng w m tl^ Mag partr taking 
ao«« ^ IP M Awtt whw Nda hawitMr ww 
Mil. MHppdHtteallhtiM^tdMoaBaMUonof 

M WHIdM»MteMMd ana man that Ufa la the 
MildM Hifddapl nqWf « wnted at lenat ha 

JiHidid <nl7 M da^ 
MM ha Maad«»«£r |pgk n had aha to ha 
MM dMwhHtor aavar Iban a 




I irtmei t no money wu epuad In recent eqnlpmenl 
iDdudlng « bomb-proof mo^ nvallaUe fir uUller) Bre 
and yit In the heart of n big dty There were | lenty 
ot outdoor artlUery tangee also to vbdt, where IdmUuc 
tlve work was In p r o gr ew Tbe lerry ayatem f edn 
catton was adopted In Berlin After a laotaie on wire 
law toleirapliy the claaa was set to work aa be mw In 
making the antauue wUdi bad played racb an Impor 
tent part In too war Sixty ogtoera wera nndv Inatme 
tkm at t ttma for a course id three years, and ha waa 
nanared their awl was admirable It was eonaldersd 
MKb bad tona not to give the beat la rctnrn tor the 
honor and glwy of tba Fatherland. Bnt vnr Begulnr 
was apathatk by eompulaon. We must put onr tmat 
In the lunlor ranks to push old Apathy from Us stwl 
and cany ns throuih Qila war 

MOUBaFOl oenTlAnT AT wootwica 

It was a mournful contrast to ravart to WoolwM, 
shabby and mdlaciplbiad nwra tb«y bad bsan evicted 
from thatr pnpar bona, and warn told to found a new 
aitUlMT coUaga wBh the cbelea o< t adlar nadCB soaas 
atobhs Of a Utohan and aatelary and bare walla to a 
doMctod hoapltol, there to organlao vMoty and at no 
ogpoBae tnOt the ecnnga ot aa Anterlan gcnaral eoaa 
paihd to aHintaln Ida tnatea-loadiag mnakat a mntiA 
far tha FmMnn n aedia gM i, tba MUltaiy Diaactot an. 
•and ttaa that ihaft wu nothfaig noMrioc to be foand 
at Q iauw tob. la tht Naval CMlate thm lodged in the 
ted Palana. 8neh dtomnl, penarkwa aumondlnga bad 
a Uteitimn MHt on tba gwWu loof, nod tbay aavor 
laaBr l OMVtend ftwH a dowahaartod wdrtt ate onlan- 
htad for Vhtoiy Ou Bflltuy atecnot wu nndtr tho 
rqha(Thgnh,tho«MWpniaa. Hla faaddiBg mtehod 
wu oauUau* n mtah M diaeliiUaod thoacy 

Wo uw bhMteh bawUoootebodbouwmitedonl 
hi thh Wir m (M BteM MOtuy T ii htf w i Audnay. 
«d (il«iUn.|i|inMf «■ w«k a had ha wu ahh to fetep 


M f r rio fl ImI k1 rticio ot the acmkiny waa em 
|1 }ed 1 j It dbiaeuili alloi ot true theory and In the 
wJpi UBc OlrecUon of warlike preporatl n as at Knippa 
Aaaumlng ercrythli g f r tl e bnt for the AlUn and It 
we lived to no In again at Antwery an intereoting 
match would be watched between onr ertUlery eclenee 
■14 tho (. ennii to see low I ng It w uid take ns to get 
the other aide out cumparvd with our own Ini Inga and 
the Umo we kei t onr wicket ip No lonk >ai ge lire, be 
had been Baaored waa over going to be of any use 
again Involvtog tbeoretloml calenlatlon Tbe word waa 
Oallop up chiae to 400 yarda and let them have It 

Ihn country wu furloM at the way our poor ftelowa 
ware pounded mecdleealy at the start by long range 
ocenrmte bowltner die with no protection from o ir own 
ilda King Uaorges ntirriiig appeal Wake ut Beg 
hud, was Intercepted by onr rulers, aid It vas bng 
land the DDieody again when onr an lor lethargy 
bun ped Into the titanic energy of the German Rmi Ire 

Ughf, Fawgr aid IrogatioB In CahCania' 

BvnBO-BUCTBio planta have rcoohed a high itato o 
davelopnant u Colifanin. At proMut there an 110 
l ua rvuM B with a atotaga eapaeity estonaled at 38fi 
780000000 gaOoM and the planta swved produce a 
million bcnesiower in elentno ounent wluoh la used for 
light and for powar ate only for nniung oar Ubm hut u 
hetoriet at w^ In many oatea tkn eumnt hu to be 
oamnd gnat diitaiMM fi^ the generating planta to 
the plaee whan it ia uied and u high u luO 000 volte 
■n oHiled u sanw of tin baea (toe moat uaef nl (eatun 
that hu beu davteopod la planning aome ot the CbU 
forma planta in the ntdlwtloa of tbe water after it hu 
dm Ite wodt in piodaaisg nlaotncity (or imgateon 
ud nten this etante be dm dteaally it hu in noma 
aaaia bau loud fcaaMs to an a l aate n power to pnmp 
wnite for iiiMMy what wonld olfaccwist be lupro- 
MaUvnluda. 




















































































































































SCIENTIFIC AMERICAN SUFflEMENT Not 2044 


Personal Biologic Examinations* 

Tlie Condition of Adequate Medical and Scientific Conduct of Life 


iHHikH, llu> iiiucliliilHt irtvi-H IiIh Mistno A tllDDHlKh KIlllW- 
111 IT lit retniliir IiiUtvuIh ; every lullltary orKunIntlon 
liiiH Uh revlew’H uiiil lUNiMittluUH, every itovernuient iti 
liiHl|{etN~liiileeil, every ttiiiiiK-lHl hnlr iif tbe eonimeieUl 
lieud Ih uiited, unil nut n Kimrniw of the hnnter, Sue- 
I'eHN, fnllM til ttie Kruuiiil uiiiiurahereil: tliose that do 
lint fall are even mure aeetirately immbered. Hut It to 
lint Ni> (iHieemlnK tlie onn piece uf luucbaDlian that coii< 
illtloiia all thenc thlnipi, and tliat la the muat valiMble 
of all earthly laMHHwIiina—the hiinian hoily. Vnr all 
pnetleal roDHtderatlnu a niaa’a laxly lx hla life, ami yet 
elvlllantloii liaa come an far without any xyxtematlaa- 
tlon Ilf the hiMltifiHH and uieeluinlcM of lhi> entire xlnicle 
anil iX'rwinal life. T'he aeleniv of laxUly IIvIiir In lU 
ifiiiiiilete extent Htlll awiilta lla illmiiveriT. NllliilxTleHii 
lihlliMniihiTK treiitliiK of Hie enndiiet of life have xnaiTd 
III xiiixirlleliil InexiieliiiviH iiinl eiixy tteiienillty over the 
Iwiiilx anil liiiiiKiirx of the liallvidiuil liver, hut they 
have utterly fulled to foriunlnte thn |ihy«liilo(tle and 
(xilholoKle niiiditliiiia of xiiei-exx and failure. All the 
lilohade mid iuixIIi-hI H|x-elMl xi-leiieea luivo atriiwtUxI to- 
wunl an iiiin‘iieln'il unity; all iin> aliuple rayx, iia It 
were, awaltliiit tlm lenx of a fixullaliiK liitellliceia'e to 
lllumliin Hip eonerete Uuuue of our total phyalcal ap- 
IH>aruiii-e hero. War haa dovlaed a rouKfa and crude 
ayateni of phyalral cxamlnatloiia for tho would-he aol- 
dier; Inxuranec compaulea have more accurately ex¬ 
amined the hodlca and Ilfc-pronpeetM of tliolr pollcy- 
holdera to eatlumte their Annnelal rlxlca; tliroufth the 
nertlllou ayxtein. erlnitnnloKy haa xtlll more iKTfivtly 
tixod the iiliutoiiilu iu<<aHurliiK of Ilia Ixxllea of the law- 
lireakorx; the Auilieral and llarvanl exiinilnatlonx liave 
hxikCHl Into the uiimeiilur riiii<i.hiiw of a few xliidcnta 
fur fiair yi>arx of llieir llvm; tho iMyehophyale hilaini- 
tory haa nieaaurcal a fow neiimliadu roiictloiix; the 
ineillenl praetllloner hnx fmind out n few wiiyN of 
reaeblnK backward to the etlolouy of xuno hIiirIc dia- 
eaaoe; a few huudmd aelnxil ehlldron have been auh- 
jeeted to aiBue teata aa to orowth and tho Inllueneo 
upun ortmnloatlixi of ixiverty and wealth. Hot all theae, 
I believe, are Miximdle and InefftaiunI liinta of a coining 
aclenee of man, baaed upon a thorouRh-golDK nml rqie- 
tltlve ayateni of phyalologlc uud [Mlholnvle examliiatlonx 
which will ultimately give iia a genuine and all-eomiirla- 
Ing adenco of anthroixilogy baaed upun nil the data, 
moniholoKle, phyalologlc. and iwthugeule. of tho entire 
Individual life. Prupboey and progiionla are Iwaoil iiixiii 
a thorough knowledge of the |iaat ami prpaent fact, a 
rigid uiidoratandlng In a Kclpiitlllc acnae of the cvolu- 
tiuu uf the urguiilaui and uf Ita iireaeiit departucea from 
a normal ataudanl. For hla ebllilreii a forealghtod man 
muat wlxh aiieli au aix-miutliig, awh a propheey and prog- 
uOHla; giul aa to liliiianlf every Intrlllgciit adult, when 
ho awakeiia In aelentifle inniai.'luuaneaa, muat try to look 
forwanl through tlie yeara, and nvkiai up lilajaii^era 
and p^lhllltlea of life. Thia moat linixirtaiit funetloii 
of pri'vlalou luiH heretofore lavu left In tho gypaloa, the 
paluilata, the aatruhiglata, aud the elalrvoyanta I la It 
a wlae wny for Meleiii>i> In leave tlie Imllvldiial xtniggler, 
UDninmdiMia aud Iguorant uf hla own Ixxly and Ita fate. 
fnl lawH, Inuapablv uf learning the aeattcred and un- 
unlfled halt-aclnjcea hllmlly converging to eomo far-off 
unlly of mutual helphilneax and life? The crownlug 
work uf Rcicntlata la to turn adenco Into preaclemie. 
Tlie unifleatloii of the adeneea dealing with thn con¬ 
duct of life; the making practical and nscfnl our knuwl- 
•dge of the Indlvklual orgaiilom; and laotly to eataUlah 
A wlentlMe preadence—aueh arc the Ideato of a living 

aiithropolOv- 

la it not at once plain that theno ideeda can be roaltoed 
only by a ayutem of periodic examlnatlona and reronto 
made every ycor or every llvo yeara, throughont the 
life of Hie Individual orgoutomi Snch t ayoUm of 
records may be held generally to comprise tbe following 

1. The BereHtam Datum.—Tbe endowment at birth, 
the Initnenee of heredity, mnat In every way govern 
and vondltlun tbe devetapineiit of the otgonln), and 
modify every reaction to mivlranment It to wtoei 
therefore. In all waya poaolhle to fix, at tbe opening of 
life, wlut to this datnm of Inberilanoe. Nationality, on- 
ceatcsl and geneeloglo htotorlee, craniolngy, oerebrdogy, 

• Piwanted to the Beittoa oa PiacUce of Nedldoe, at the 
Aftyflnt ananol niMUiif of the ABtrlcaa Hnllral Aaaoeto- 
tfon. baM at AtUnUe City, N. J., Jaaa Sth to itb, 1000, and 
publlxbrnl In tbo JatrmmI of tbp Aawrlaaa Uadteal Amedatkia, 


By George M. Gould, M.D. 

etc., hdp to make op the eetlmate of thto one factor, 

2. The Diwvlopmmt and BUtoHv ftcLord.—fiapecUlly 
durUig Uie period of growth—chUdhood and odolaac o noe 
—ahould the apace between the annual or aulnquennlsl 
xyatematlc exoralmtlona be hlahirleally epltomlied. The 
atralna, work, lUneat, and tsaka ixaiquered or lucooi- 
plete, are aurcly a ueceuaary |iart of the Ufa-chronlcle. 

8. TAo Morpkolugla or Antkropimetrle BaaminaHon 
fa yundamental .—In thla the UertlUon oyetem, modi¬ 
fied, perfected, and expanded, or aometbing ilmllar, 
ahonld form the boato of euch a ayatem of phjilcal 
mnaxuremento, deocriptloni, and records, atattotlc and 
graphic, that any future variation of the orgonlam 
would be detected In later examlnatlona; and thns 
would be pteaorved the mor|iholaglc picture of tho Indl- 
\ hlital fur tho whole life. 

-1. 7'ke J'k^atolttffio ttmwd winild Include the ttntlng 
and tuhiiluHuii uf all Ibe algiilllniut tvartluua aial func- 
Huiia. Tliiiw would la- mado up of all iMuMaury dyna¬ 
mic tiwta of tbe luuacnlar ayaleiu; of atstonienta of 
aivuratcly ubaervcti metabolic and nutritional fnne- 
tloiiM; the reuctlona and roAcxot of each of tbo special 
aeiiam, aud uf thoae of tbo neuruloglc and iwycbophyalc 
ayaleniM. The profound Influeiico of hsblta, both poal- 
live and lawitlvc*, liiiioeeiit ur luirmful, ahould olao be 
reniembercid. 

6. The Pttckic or iHtotUotuat Datum to ona too core- 
leaaly Ignored lu acleutlllc and anthropologic stndlcH. 
Tho fundamental quolltlca of eharaeter, dlapoaltlmi, 
memory, xiTitlmeiit, mllgteu. reuxqii, momllly, ednea- 
Hoii, etiv, an powerful inlincuces acting upun and roset- 
lag to tho environment and to dlaenxo, and It they are 
left tail of tbe nxiiil H moat valmilile ditenulunut of 
wltHilllh' preaeleliee to l<Mt. 

d. The J‘alkoli,i/tv Mrmmt lx taic berelufure aimiwt 
or utterly Iguored in uiithroiKriaglc xtiidieM, und lu lu- 
Htruetloua ua to tbe «‘unduet of llf<x Tbe profesalon 
xhouhl urge Its iitofouud Imiairtonre. The exsmlna- 
Huiw at stated perloda ehoulU lu large ixirt ceuatot uf 
the records of the Ondlnga of expert medical apeclaltots 
wx-unxi by all Hie arts and Instruments of dlaguoeto 
at their eioumand. Alt departiiren frvm health and uor- 
iliullly tlwt Indicate pathologic rcmilts or tendendee 
lu any organ, or In the organlam as a whole, are tbev- 
liite eoudltloiu of estimate aa to present powers ur 
pruNiieetx, One to almost Inclined to think that the 
aavlnga In medicolegal cases, by aueh a system uf ex- 
amlnalluna, wunld defray the expenaw uf making them. 
Some Uuie ago a railway nnuiauiy, after aerarol yeara 
uf legal proceetllngs, was forced to pay a man 110,000 
damages fur Intracranial bemorrhago said to have been 
euuaed by n fall from a car. When tbo man died there 
waa found In hto brain a bnllet which had been racelvcd 
25 years previously in tbo Franco-Fnisslon war, and 
this bad prodneod all tbo non-feigned symptoms tor 
which the railway bad to pay. '' 

7. 7'Ar Ftwfor of HerriUf/ cloaca the rircle, with tho 
iHswlblllty of making more acenrste lAe kiiowledgo of 
tbe tranauilxslao of the TmtlvMual endowment to tbo 
child. Hueccssivo generations are but tbe completlou 
and extension of a sl^lo personality. Tha family to 
the reolloatkin of tbe Incomplete ludlvldiial. 

Leaving out of conolderatlon tbe questions of the 
onerouanem of the task proiiosed, and the apparent 
Imposalblllty of carrytng out so many observatloaa, one 
may ask as to the fcaolUUty of keoping tbe records of 
such a sertes. Tho answer to thto query points to the 
must remarkable pla^clty.aiHl adapUblllty of the mod¬ 
em |dan of reconl-ma)ring by tbe card lyrism, with Hu 
ever variable and estimolble noe of loose jeolleti or 
canto of dlffemit color*, nnmbera, mImiii^ lUoa, 
etc. Photography, tbe kromicop, tbe i^ionogiaph, the 
Inatnmieiits of the idiyaiiiloclc ihB peychoMyele lohom- 
toriee, end thoee of every spedoltot In medtelB*, moke 
It ooelly poeelbt* to condense tto ehroaidee at ell teeto 
and examlnaUnns In on Inexpensive and eaectfv* way. 
Tbs poot-mortma reendo, and the preaervadon of the 
brains, and, periiapa of the eknlli of tbe eubjeete, would 
mipplement tbe work. 

As has been liiilBtttd, we already have the begln- 
ulngs, the aporadlc attimipts, and detadied poite of meh 
a system of exemlnetloM. The BertiUaa criminal teo- 
onto at tbe police burcsim, the onthniKiaietrie data of 
military exemliutloii*, the reeults at athletlo and gyai* 
iMslnm teria, those at peydraphysio laboretoitoa^ tha 
roedkal examlimtloii* at adioal cMMien, and thosn saps- 
dally of life Insniaiiee eoeeptnlee, atCv-aO Ml- 
rate the thonght, tohor and e xpenie wlilob eMIMIka 


to giving to the imobtoBL Dot tha most Imp ort a nt of 
all arntrlbutlans might be the ease-boulm, hoqiltal teiy 
unto, and patients' htatories of phyalclnim. Hardly a 
Utlw of the precious material, however, to atUhwd. Tlie 
waste of bldogle data—wasted beoausa not systamattoed 
and nnlfed—In tbe lost reconto of pliyaldana Is appal¬ 
ling. The moat valnable bouks la Urn world or* the 
oldest dty dlrecturies, sdentHIc otattotlo reoerds, *(c„ 
and mors voloa^ otlU would In fgtai* yean be the 
present day case books of KtoatUc ph ystotons , if they 
were wdl kept and uimnlnatad by etattoUcal and ndeD- 
tide Judgment We now dump them Into the pcilp«lll. 

It it a fooltoh dream, to It on nnteollaable Ideal, that 
all these ttalbis might be pmerved, and rendtred of 
11X8 tu science and humanity by some inotltutloa carried 
uii by the Uoyemment by a nnlverslty, or by a onion 
uf sdeiiUdc and medical niui, whereby the reenrde uf 
Individual lives might be made so fr^uently, on oou- 
Uunoosly, and so sdraitlllcally Umt we ahoold at least 
gather the inductive data for a genuine sdetioa dt aii- 
thrigiology, pathology, and ethical MoloiyT If gowm- 
ments nnild be prevoUad upon to dovott to thto work 
one tenth tbe money now squandered In war; It legto- 
lators eunld be prevailed upon to give to It a smell pro- 
IKirtluii of their steeling* aud poHtloal plundwlngs; If 
a fraction uf the money poured Into the poeketa of 
tbe ward and dty bosses could bo got; It a «"»■» pe^ 
eentage of that spent on comic opera cpuld be obnnted 
thtowayl It these are Idle dreaming* to it not petlbct- 
ly pomlble that In future ages some wise legislator of 
Homo clvUlied government may oonrinoe hto ftdiowa that 
not only to thto the duty of the national odmlntotratlMi. 
but tliat the very bcgtuiilngR of the system ere already 
In operation In tbe national isumis-taklng? Tu this the 
mocbaidxm to really luaugumted, and needs Imt the In- 
duslou of the civil service exoiiilnatlun, the xoldlera' 
entraniT tests, and tlie governmental penslunors' medi¬ 
cal examluaUoiw, to bring It a long way toward perfec¬ 
tion. With the plan once determlnsd upon, and the 
brain once found to gather the haphosard and dlacrete 
imrts tu an organic unity, bat little addlUonol expense 
would be Incurred over that now spent In tbs eepoiate 
xystoms. Indeed, tlie scheme Itself to only u extended 
end e perfected bareen of vital otattotlca. Once snch 
civoperaUan were started, the dty and 8Ute with their 
crimlnologlc stattotlci, tbs Insuranco eampanles with 
thdr accurate vital and patbologlo records, and espe¬ 
cially the medlcpl profession with Its systsmaHied roc- 
nrdn uf Indlvldnal sod nodal morbidity, and many other 
ngcodcs, would he drawn Into oonperatlon, and the 
bases of a truly liuluctlvo and pbyxiolaglc adoace of 
civilisation would bsgln to be laid. 

While we wait fur that mlllmmlal palace of odence 
we pfayalcUii* need not be Idle—nay, we may be at 
work Id tbe quarries. Onr Hist duty to to tvnrgantae, 
systenutlae, and moke scleiitlflc onr ctse-booki and 
recordings of patients’ hlirtortoo. Let na study tbto 
greet eud neglected art so Hiat these most pcedoui 
(mlts of our life work shall not end In tbe pulp mill. 
The lack of literary workmanship In maihig on^.kasp- 
liiir our records of dtoeaas to altogether deplorablo. 
What to left to sdenoe of the Ufa wash of a mllUon 
phystetona wbtme boalnoa* bos bean with the mort pred- 
ogs biologic ficts at tbe world? Oen we not pwfect 
Nome bridge, whereby the reralla <« onr Ufe labon oan 
be carried over the etroem at death and becomg the 
property at geifcral Wdogic and pathologla setonoeT 

Surely then, onr second doty la to atskp onr xstow*. 
prescient, by mean* of tha repeated s»smt«pt iqn 
stated Intervals of those petleM whom wo can oon- 
vinoe of M Mceeslty and wtodom of sM g pro- 
oeedlng. h to a shame of medmna that la the 
ona Ospurtment of one edeiieo which , wo oio most 
fooUahlir Indlnad to look down oa wt|h too maA super- 
, dHonaaesa, Ita praetfticiiexB bara o atnm oa. na danf- 
lets hava long rsoogelasd the naed of paHodlo eqartaa- 
tloas of Hw vmM otgan, regtrdlaai of ftraffltwg, had 
tbay hava at Vwt drim tha kaowladia Into tha 

toath pattedleally tnminad for beglgateg 
dlaaiala or to pmrM tham. It thla ba wiaa ga tegude 
tha taetlb.^ Maitely whw.tt wwdd ba f» 

MkMaaii M am M htait; Mfcdpii ita; 
parson sa a wbota.. It la tha ahama ef madhdiiaaad tha 
iMsk of qnaMty. thte aymptaa taatM and gwpttai 
ktmng. WhatahottBde feeb-iMaof thamhaef tha 
palB dsadaMBl leaiAg at tMUaig aga eapUtei 1K 
M IMaaA aad hitf ar Am «NrM af M Wtak pf; 
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oqr ftm k d«*otid to the mm mcm/lat or deodonfaw 
o( a/mOUm. Bwt, m m all know, true meiUoliM U tu 
Biop tte eUM «< araptoaM, h> iMvaat tbe erovtaiiM 
fnn enr aiMnc. ror nienr peon In >07 veolnltr, 1 

IMM hMB hanlllff that Mflmnial ntwilap SXUnlOAtkRIH 
M trooble,- reierdlaa 

ol *V«rftet MUetecdon." Akuooi ot ermptanu le no 
evlAnce whatever of nkeeiiee a( dlMwe. No eire ehuiild 
ever be 1^ over two /eers without le-oxamliietloiL No 
■peetadee ean remain correct two 7 «ui, because no 
Off over preaervei the mine refractloa, balauie, and 
powata, (or Hint period of tine. 

And what font alao U the enodeated ejebuU, or any 
ptaoa of dead tiaauo. In the luinda of the pathologlatT 
Oartaloly only to prevent other living eyea and urgann 
from becoming aa thaaa dmd onaa bavoi True path¬ 
ology la auiely knowledga ot the dlaeaae in tbe making, 
nie pathologliit’n final problem la to prevent palhologlc 
apednMM from avei coming Into bU hands, gaa path- 
ologlat be Bust commit adentlflc anlcldc. Moat at uiir 
fashionable pathology Is the paleoutolugy, not the bi¬ 
ology, ot dlaeaee; but was It not said ot old, that It la 
batter to be a UtIim dog than a dead lion? How la 
iHwiaiie In tbe ">afcing evw to bo discovered except by 
examinations, continuous observstlou, ot tho living 
Boppoaably-waU organism? 

Is It not ew true of llvliig dlaeaae that one half the 
patients ssen by the doctor arc seen tar too late? 
V<a pntaala, locomotor ataxia, etc., and tor many psychic 
dlseaaea we do nothing, becnuae we recognise their 
existence so late that nothing can ba done. Usd they 
been ssen earlier Injury could have been prevented. 
Hnniy In mure than IS per cent ot my patients many 
years or wbolo lifetimes of snSerlng sod disease oonld 
hive been obviated. It la doabtlem true In general 
medldne. All good modldna Inevitably tends to bacame 
pterontlve medldne; aU good pbyaldnua labor to atop 
dlseaaa batore It arrlvea. The wbolu Ingonolty of the 
trained dlagnoatlclnn la now expended tin the problem 
of the earlier symptom. He Is the grestoat discoverer 
who llnda the presymptum, or tbe aymptum of the aymp- 
tom; the greatest theiapeotist Is be who cures before 
the disease exists, hs who starves tiic buclllua to death, 
he who stupa tho ovU habit, time proventlog the mal¬ 
function that bacomes organic dlseaaa Tbe beat cat la 
the (me that kUle tbe rat that eats the molt that lies lit 
the Iionse that Jock built It Is a truism ttiat gout 
exists la the patleul’s eyetem lung Iwfure It auaea a 
twinge of pain; the kidneys are ruined before the 
aUditeat subjocUve syetem la manlfeet; there may be 
heart ohaugei Indhmtlng the eslalence of nephiitls, 
wUdi a single nnumlysU day not detect; arterlasder- 
Otis may be prweut prior to aubjectlve symiiumia, and 
tbe objective eiaioluatlun would detert It; Ibere may 
be unsuspected diabetes without aymptoma until ex¬ 
amination of tbe urine reveals It—even with our erode 
pieadenoe early nranolyoia of the apparently weU would 
often reveal the hidden evU at work sapping and min¬ 
ing toward the vital centers. Uvery oculist has often 
dlMOvared nlbumlnuria before the general physician 
enapected it. There are a hundred known Intimations 
and aorta of oncoming dlaeaae, but there are a thon- 
sand nndlscovered anas, presymptonm, advance scents 
and forerunners, to be learned when the alight end un- 
conodous departures from normality are studied by 
■rniiiiTi«H«iM at tbe anppeoedly well. Pathogenoals, not 
thorapoutlca. Is the ultimate study ot all medldne. And 
an pathogenesU la by no means rannlng bugs to their 
holm: the gnnter number of life wnatlng dlaeaBas arc 
not bacterial In origin; and even tbe growtb cf the 
boateriol dlaeaiee depends on tbe soil In whbdt they 

1 ptOtOM to myadf a naw field of wodt opening out 
before the poor plunderod general pnoUUoiier. It must 
etten saem to hha that u a general ha haa been itrlpped 
ot both axiny and anamy. (hit by one tbe apadallsts 
hava ffobM hfan until he hoa left hardly a aoldter 
or a patient Tha^aurgeon flnt todk almoat half cf hla 
army, and gow thrwtHia to rdlave him ot (Jokmela Ap- 
natiMMMM sag ^Pyplufid, and haavoB knowa of how many 
BWte whteh ha Armeriy conaldared Us verj’ 

own. Than the anrlst the oonllst and the rtrinologlat 

dapttnd him of his vadal aeoaaa, and the laiyngologlat 
taqdatad Urn aphonia If tho obatotrldan and gyneoolo- 
glatlktthlmohaor.tWDofnUlils women folk, the reet 
eoi* man and tha nanzdoglBt soon aUaaated the atteo- 
tiimg at timaa hiyatartca and thagr Uvad unhappily ever 


qWlftejhMpw ta bs Iflat of an tba apaeteUate tba 
■Mteih^li^haa ftami siaatand teto tha nanownd ape- 
^ gnaptav addiy at Us ana Cf 

■ advi m aamii ta la the. ta- 


Uglona and dally newapapeta aa: “A new operation 
for neurastheaU; craniotany fur imselflabneiai; preven- 
Uve Inocolationa In cose of threatened breach of prom¬ 
ise ; vaednationa for antivlvlaecUonlata; damaged beart- 
ralTH aurgleelly repaired while ymi wait; kUneya 
tnuitplanM Immediately follinvlng the next electro¬ 
cution ; dunplcto matumtton of the arUfldally fOrtlUsnl 
ovum In our new twenty-tirst i.'eutary Incubator." 

The family pbyalcUu’M function nvcma to be fast bo- 
cumliig that of advlaer-lii-geiionil auil roferrer-to-othon; 
tbe “lost straw” U that otUcM will not permit thoMc 
othora tu divide their fees with him. Nothing In face 
la left to Urn except to have permanent anorexia and 
to move to a cUoiate In which lumae and cluthlng are 
not neixsaary—Porto Ulco and the Pblllptilnps, for ex¬ 
ample—providentially supplied, wltbont doubt, for Uibi 
and stfflUar torilf purpoeea 

Rut aerioualy, have wo not gone liw far with our ape- 
dallam, and are we not therelty In danger of losing 
tbe iHMirdlnatlng aonse and oversight of the urgniilam 
HN a whole? The Hiiedallat cannot be dlHrenaed wllb. 
liy hla aid and through Ua nccntacy medldne muat 
prngreaa; but DOlther abuutd the gcneralbit lie wiiieesed 
Hxlde. He la even more iiecosaary. It Is IiIh dnty to 
teseh hla under ofllestH, the apednllata, their proper 
places, and by Ua sane snd large grasp of all the faiita 
Hupplleil by tbeao subalterna, by hla co-ordination of 
the work of each and of all with his own overlook of 
orgaiilam and life aa a wholei he brings coamos oat of 
dmos, and organic unity out of hundred-eyed uud ael- 
flah diversity. The apeclalbit U fatally lucllned to treat 
the dlaease; to the gcnersllat miwt be left the far more 
Important treatment of tlic patient 

It may seem hard and Impertinent to say to on andl- 
eiK-c of generolbda that tho generallMta have Isvii robbed 
liecauae of their own fault and negllgcuec. llie ao-called 
stealings of the apeclalists ato In reality helpful and 
If rightly luulentood they leave the genorallHt his prop¬ 
er work. Idfc, It has been said, la mad(> up of little 
tlilngH; and yet life itself la not a little thing, do It la 
with heclth, (ullnoM of ycois, and ntIUuUon of is(W(sv: 
they all depend, mcddcally and physlologlcHlIy, ui)on 
lltUo tUnga, and yet (xunpusltely they art* •‘the greot' 
ext tiling In tho world.” In tbs vogue of the N|Ns;laIlat, 
the generalist la more than evor needed. If tbe arlsto- 
crata have usurped power, there la the clmnen and d(^ 
mand for a powerful king. The special bits are, or may 
be made, tho uaslsUota ot the general physlclau, who 
iioeda their help and all the data tliey ean supply, and 
whose supreme function It la tu fivM' tbe whole to a 
liigber unity and to eatabliah tbe secret relatluoa In 
reality existing In all. There la no apeelBlIst who bi 
ilut willing and glad to make fall and systematic re¬ 
ports to tbe general physicbin of all bbi Undlugs. It is 
hla dnty to the patient and It la tho apLs'btibil'M self- 
Intcreat to do It welL lie la not ao stopld ua to offend 
the roferrer of pationta. In this fnnctluu the gnuerallst 
boa the wUp-hand—and he should use H, st times. 

Aud thus It liaiiiieuM tlMt the desirable syslem of per- 
suiml Idologlc tests sketcliisl iinsl not await tho acttoii 
of goverumeiit, tbe naln>ndiy dejMitinent, the city or 
State Institute, the union of anthropologic societies, or 
tbe anthropometric and pathologic Institution founded 
by private endowment. I.#t us earnestly pray and 
work for any or all these things; but In the meantime 
mueh may be done by medical men and sodetles to pre¬ 
pare for the larger and more perfect outworking of Uw 
seheroe—nay ranch may he done toward the resllutlon 
of Its mors dlsUnctlvdy medical featunw. 

Rosed upon the fhet actually fell by every pliystclnn, 
that n series of syatemstlied periodic examlnatlona of 
patients apparently well w(SiM often reveal beginning 
dlaeofes, prereot future llineasea and Increuae the vital 
volnod' ot life, every one can prevail npon eertaln pa¬ 
tients, studenta or membon of bla family, to undergo 
the noceesary teats. The more intellectual and well-to- 
do ciHsana will soon realise tho self-cvidmit vslne of 
such work, and not only submit to it for UumiselvPH 
and children, but will be willing to pay an annual fee 
for the service. SpecUllats will be willing to contribute 
tbelr results. Tbe oiamlnaUoDS need be only of the 
mors fuDdoraeatal and simple faetora at first until tho 
good-wtll, machinery, funds, and recognition of tim 
significance^ imefalnem of tho work grow. 

In soveral ways these oxoniinatioaB themselves are 
tbe means of a striking aclf'OdiicaUoo of the physldsn: 

L In systeniatlilng and perfecting a m(>thad of lee- 
ord-ke^d^ Umre is s sobjectlvely psychologic os well 
as an objectlrdy aeientlile resnlt of inestlmsbla good. 
It Is t sort of Itboial ednetUon. To adapt and perfect 
tha card gystem to this useful ead; to snramsrlse the 
restate of aU diagnostic methods; to fonnnlfOo prog- 
noMs; (0 "»«ify end epiteBlse so that the ftiiole sball 
look to the pemenal advantage, oe wdl as toward the 
p mogiem of prevsative medloloe; end finally, to dove- 
tm the ccteMned rasolt Into gworal biolegte solence 
end to eterU^ the Iowa bwedlty; oU of tbli Is Ubor 


worthy of Urn wbswt aetfialmtsia and tbe host lutullcc. 
tusllty. 

2 . In rendering Nccurutv and mat lienialleal all tbe 
known aud tccogliixed inetlimls of medical tastings, 
there bi much to be learned. It bi lu catcblng sight of 
the forerunning ludlotiuii of disease, tbu symptom of 
tbe sj-mptom, tbe functional liegliinings of urgaiiic ab¬ 
normalism, that a great d((al of pnstress lies. Who, 
o. g., an yet measures the blow or stimulus In taking 
tbe [wtellar tendon and (KJier retlexes, with machine- 
shop a<vuracy, also Uie resultant cxenrdou or reaction, 
chroulrllng same In his notes, wllh alwolute or ii|iiiruxl- 
uiate iireebilon? 

In the excursUms Into tbe border land, but still 
closely related, domains of eerubrology, craulology, 
psyebopbyslus, criminology, (us-lolOKy, public hygiene, 
uud oil (he rest—In loaniliig to make these tests, and 
chronicle tbe results tvsinired In lliene Hludles, one 
enlarges the range ol his snhJeeiH, bruuilens his ixnioiutl 
and sdcatlflc outlook. In a word annexes with Justlll- 
nble Imperialism and expansion, tbe adjacent terrllorles 
of bb) special science Kacb gives bis light, and, ns In 
all bCDcUcencc, by giving, each increases his own iw well 
US the gonornl llliimlnstlon I'bc- stars go out but tbe 
day dawns. 


CulUvatioii of living TIsauea Outside the Body* 

Tils Hlory of the ciilUvatbm ot tissues outside of tbe 
living Isxly liiiH ulreudy lost much of Its novelty. 
Tllougb we eiiii still easily euuiit the time In terms of 
iiioiilliH rntlicr thun years, sliii'e Ihn Urat demoimtrn- 
lloii of the develoiiment In vitro of IsolaUsI frnguicnts 
umile up of connective Ibaiue cells, tliii fact has Isieii 
(>stiibllKhcd so conclusively and tbe lis’liulc (k-veloped 
H(> siiurisfully tbst the culUvnllou of tissues In this 
way hns already become u fiiinlllnT practice in mnny 
iHiMinitorIcM, It Is Homellmes sulil Unit fimillinrlty 
bpiasls contempt; but 11 may Isi wholesome at times lo 
renew our nciiuaintamo wllb the deliills of well-kiiowii 
seleiitltle procedures aud learn tbelr present Hiatus. 
This Is partleularly duslmhle In the case of those isT' 
sons who little realise tin- isTslsterov and energy, the 
liatlenee and foreUiisiglil, which may of the iwrmaueul 
aciiulsitliiim of science demand on the part ol liivestl- 
gstiirs. We who share the nsmlts all tisi freiiiienlly 
fall tu iiiiilerHUmil the laborious pruecss by wlUcIl sue- 
(ssiH Is atttttiied. In this field lliu advice (siee given 
lu nil Hinbllluus nicdlenl student niiiy be ndteratis]: 
“Kuiskhs Is iielUier luck iior pull, hut Uie lougisit, t(High- 
iwl Joli you ever tackled." 

Nig long ago Carrel' of the Itia-kefuller Institute 
for Medical KcM-areh ciillisl sllenllon to the eoiidltlon 
of H strain of coiineetlvo tlssiii- keiit outside of tho 
orgiiiilNDi In a condition of is-rmunent life. It was 
clerivisl originiilly from a phs-e of heart extirpated 
fnpiii K chick embryo. The fnigiueiit pulsated for IW 
diiys. Hiid gave rise lo 11 large number of ciminsdlvc 
tissue (Vila which hevi- since iiiiiltipllcd actively. The 
strain, after having uiidergiaiv .'UiS passages, reaebed 
tbe tweiity-iiliitb luouLh of Its life In vitro some timi- 
ago. It now apia-ars Hint the pruHferatliig isnver has 
in uo wise dlmlnbibed. Diirliig the third .vear of bidv- 
peodeiit life of th« eoiiuis-tlvu tissue we lire cimfruntud 
with the remarkiible fiiet that It shows grealer aitivit.v 
tliiiii at tlie b(.>Klniiliig of that iktIixI, and Is uo longer 
HuhJeet to tlie liiBuence of time. Carrel remarka that 
If we exclude accidents. I'ooiiis-tlve tissue cells, like 
eoloiiles of Infusoria, may proliferate Indefinitely. 

la this coniTCctlon U b Interesting to note some recent 
results for human tissues n>pnrted from the same lalwr- 
atory. It hns been possible, for example, lo kecfi 
bumaa fetal tlssuev derived from freah cadavers. In 
a cuDdltlon of Indepeuilent life for sovcral gi'iienitlons.'' 
This has led to the attempt to cultivate huuiim siinsimn- 
toos tloaue la the same manner. 'The first essay in the 
direction of growing human malignant tumor In vitro 
WHS muda In 1011 by Currvl and Burrows.' llic tls- 
Mues were kqg. In a condition of survival for n few days, 
but UO real cnitnros were obtained. Tgsiec and Kbellng' 
bave now succeeded In kceplug eulturen of such tissue 
III n eoildltiisi of aetlvn life In vitro for several gciicru- 
lloiiM. Tbelr medhod may, therefore, prove of value In 
tbe study of the growth of human malignant Liioinr. 

• Front tbs •fminiai of the Amerlcsa Uixllcsl AHMwlMlon 

■ Carrel, Alsxli; I'rasat Condition of s Strain of Conaortlre 
Tisane Twenty-elglit Hootha Old, yosr. Mtprr. Utt., 11114, 
IX, 1; see siw Jour. Ktttr. UM., 1012, xv, BIO. KUellaa. A.: 
IMd., 1013, itU, 273. Cartel, Aloils. /Md., IVl.S, xvtil, 2aT. 

■lusra, J. R., sad KbeUnXi A. U.; yosr. gaper. Vial., 1U14, 
lU, BBS. 

•Carrel, Alexia, ud Borrows, H. T.; Jaw. Ktper. Utd , 
tell, xUI, SOT. 

«Loses, J. S., and Bbellag, A, B. : The CultlvstloB ot Unnun 
Barconatoa Tlaiie In vitro. Jour. Bmptr. Mr*., 1B14, », 140L 
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Thr foll-iiiMl expcriaental Ijrlng-boat with hollow V-ihaped hull, at Waafaingtoa Navy Yard. 


ExperimeaU With Flying Boat Halil 

Ry Carl Hawaa BatBan'*' 

Tbb fint r«|iurt uT tha sub-oommitteM on hydroma- 
ehanici in rdaliun (o aaronaulica juat publiahad by Ui« 
langloy Acrodynainitial Ijabomtory uf Uui HmitluonlaD 
Inititution, dnah with tha nwulla of a HcriM of experl- 
monti with flying boat hiilU. Tha ozporimonta woro 
oonductod at tho MimIoI IlaMin in tho Waabington navy 


aaroplana huUa. Thui motlal apjMora to have oartain 
odvantagoa over tho type* now in uho, poaMwalng lasa 
ronetanoe on tho aurfaeo of tho water, and lea head 
ruelatanoo in the air under aimilar oondlUonN. 

- The model halle need in tho oxperimonl wore of the 
ventilated atep typo, ono-ninth aotual abut, oxoopt one 
a quarterolae model of tho original "Curtiiu” pontoon, 
Ptuta of the model runk were made by the invoiillgatnni. 



yard under the direction of Naval (lonitruotor H C. 
KiehardiHin, for the purpoee of dutorndning the reelatanoo 
uf Bcvcral modehi at "dieplacementa oorreeponding to 
epeodi," on tho water, and the rraiataneee “aubmemed,'' 
aa a mean* of approximating their total hoad reebitaneoa 
in air, and of determining an approxlniate " ooeffleient 
of IliieneeB of form.” 

The experimonU pruied particularly lueoewifuL A 
form of improved hull haa been derived which will 
pruliably euiieraode tho proeont type of naval hydrn- 
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xhowing; not realataiwe, derived effeotive hone-power, 
and obange of lovol. The reetatanoe curvea were de¬ 
termined by towing the modela in the baain at "diaplaoo- 
menta correeponding to apeoda,” with a aet trim, but bee 
to riae or fall under the Influsnoe of kuetion or planing 
The ohsugn of level ourvea ahow how the planing offoet 
ohangoa tho draft at eaoh oondiUon. The modela wore 
towod under oondidona repnaenting a full load of 2,'dOO 
pounda, with the aaaumption that the get-aaray ocoura 
at a apeod of 45 milna per hour Ttom the ourvea it ia 
ohviuua that auction b pnoaent at low apeoda, aueoended 
by a condition in which the model runa hard, followed 
by a period during whioh the model begini to phne; 
juat brfore planing b offooU-d, the alope ot the onrve 
leaaciu rapidly, and when planing b ntabliahed tha 
roabtanoe falla off ihaiply with one exeeptlon. 

A model wai design^ to oblvate the defeota of the 
flat acow-bow type, by Introdaping the V type hot tom 



for partiiiK tha water iMhar than fordng it adda. An 
eartiar modal of tb« V typa eanaid a graat aaomt of 
■pray, and to owDoma thb tha V aaetlan waa mada full 
but aa thb only I n eraaaad tha quay, tha V laatlau wara 
mada hollow whieh brangfat about tha dadiad Maulte: 
holding tha ipray down, Inoreaaing tha ptanlnff lAtet, 
and redudiig the reabtanoo 

Oonflmatkm of the behavfaw of the modeb haa bean 
fairly well ertabibbed by the aotual petfcraaiiw Of fuU 
■Usd itiaehinea Aotual opMlinente with a fnO abed 
maobine ihow that the InqiroTed hoDowad V Motion 
hull b very dealrable on aoeoant of the good landing 
qualitba. 

From the experimenta oanied on it haa bean da- 
tarmlned that the itap ahould he obiie to the eanter of 
gravity, to allminala the noaioc teDdenay. to floilhata 
obange of trim white planing and to avoid a obanga of 
batenoe when getting away or tendiagi h(dlow V aeetiona 
deoreaae tha ipray, out tha water eaiter and oleaner, 
plane better, a^ reduce the aboek of landing or running 
through rough vraur, pnolteally eUiuhuttiiig tha uanea- 
idty of thook abiorben. A ahallow itap leema to be 
■ufflotent, but ventilation bank of the atep te eMentbl 
to faeUltato the breaking of euetlon effeotk. The bottom 
forward of the step should he inclined to the axte of the 
machine but not so greatly aa to oauae the maohlne to 
plane before the oontrob an effeotive. The bottom abaft 
the ktop ahould rbe itrongly to favor a iteepenlng of tha 
ptening bow before the elimination of luotion, and to got 
the tall well clear when planing hegine. 

Dlagrama were abo made to ebow the logarithmic 
plot! of the modeb when lubmergcd one fool and towed 
at speeds up to 15 knots. From these plot* It b seen 
that the reiiitanooe of the modeb oloaely approximate 
the Uw of the iquare irf tho ipeodi. The head reebtanoee 
of the full iiced maoblBea were nalwilatod by three 
method*, and vary about 20 per cent. Beveral other 
useful value* worked out mathwnatinally. 

Plan* are under way for further experiment* on *nb- 
mergod modeb to detmnine the *tnam Une flow about 
the modeb, a* a mean* of arriving at ImprovemAto In 
form, aa woU aa to ludoulate the eSeela of eookplt opem- 
inga, *ponaon«, etc., and to study the torque at dif¬ 
ferent angles. 


WhMtutone Bridge for Benintaiice Thennoowlry 

Tnna baa Jnat been baued by the Bnraan of Btnnd- 
atda of the Department of Commerce a paper deacrlb- 
liig a Wheatatone bridge derigned with especial ref. 
crciiee to fleslblUty of u*e lu mcaanmnaita with 
rckietauce thennometan and dleeuastng the nae thereof. 
The bridge b adapted to use with tether the HUmmM 
type or Caltendar type of nteatance tbermomoter or 
with the potential terminal type of thermomotar by the 
noe of the Tbonumn double bridge method. The Instru¬ 
ment b also arranged eo that It may be completely 
eelt-celibreted. 

The Bccorucy attainable with the bridge b indi that 
leebtoncee of one oba or more can be measoied to an 
accuracy of om part U 800,000 In terma the unit In 
which the oallbratlou b expreaeed. Thb coneeponda 
to an accuracy of about OlOOI degree for meuanrementa 
vritb the platinum reHliitnnee thenuometer. Low rwtet- 
anoea, the eccnracy of luenanreinent of which b Hmitiid 
by varlatlima In contact reteatancee, may be meunred 
to about three mllUoaths of au ohm. This figure, nthw 
than the one given above tor acenracy, repnaenta tha 
predteon attainable In meaenrlng amall efaangoe of ra- 
etetance. such as »re wmal In mbtauce thermoBStty. 



Plan flaw* of live medete. 


Spray made by ■ moM at li ateten per hear. 
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Snag Boats on Flood Rivers 

A Safeguard to Navigation 


By Day Allen Willey 


Makt of the lo-oalled flood riven In the South end 
Wait, flow through ohnnnel* when the bottom end lidee 
ere merely of eerdi nnd mnd, end when a river U in flood 
the flonent wnehei out the henlu, tuuieing woodland, 
prairie lolli and other formation to bo rubnierged, and, 
in iome inataneei the aurfaoe of the land, to the depth 
of leveral feet ia eairied down atroam by the mirrunt in 
the form of liquid mud. 

Huoh rivmi ae the Mieeteiippi, the Arkauiaa and the 
Red River run through iwamp lands In auine location* 
wfaioh an oovered with tre«e and buehee. In high water 
trace are often uprooted and float down with the eurrent. 
Whan tho flood reoedea, the tree* may be held in the 
■lieam channel, the roobi linking into the bottom and 
remaining In luoh a poation that they form dangetou* 
ohetaolee to navigation. Often the upper end U but a 
few feet below the aurfaoe, and a vnmel moving in line 
with it may be pierood through lie hull and tunk aa the 
pilot 1* unaware of the "anafl." 

Where theee waahed>out treoi projoot above the water, 
they ate almoat ae dangeroua aa the sunken anagi, aa they 

are often in eddiei and eroai oununta in the channel 
whore a ateamboat may bo wreokod agalnit them. 

The War Department haa adopted •ovaral method* 
to free theae navigable river* of enagi. An Idea which 
baa rooently been adopted la to boro bole* in tho wood. 
Insert dynamite oartrldgee, and thus ahatler them to 
pieoee. The moat effective plan, however, I* to pull 
them out of the water and ww them up, aomettme* 


uning the piece* for fuel for heating the fumaocM of 
the boat* which pull thorn out by *team. 

Theae tnag lioaU wore tho idea of one of the army 
engitteon, and Um> flrat wa* built about 10 yean ago for 
aerrice on the MintUfippi river. Since then the lioaU 
have been enlargiKt, equipped with moto powerful lifting 
doirioke, openUid by a steam engine which i* imlupoii* 
dent of the omi which propehi the boat. 

One of tho laintt type* of Ihoeo floating anag puller* 
i* Rtatloned on tho MlMiaaippI river. It draw* leas than 
4 feet of water, and oonanquenUy can be operated on 
■hoal* and in other diallow apota. Two engine* of a 
oumbined oapacily of 6011 bone-poyrer furnish motive 
power, giving a speed ranging between 6 mile* and 6 
milea an hour upatream against a atmng ounent. 

The double bow* are separated by what ia termed a 
well which la 12 feet In width, each bow being W foot 
in length. At the forward and what Is termed a ''biitUng 
licam'' oxlond* from bow to Itow. This is a heavy steel 
beam 22 feet In length, 7 foot wide, and no leaa than 16 
innhes thiok, greatly slrengOiening the framework of 
the boat. Aa the name impUea it Is used to ram w butt 
a anag when neecmaty to dislodge it from the bottom 
bofore pulling It out of the water. 

Attached to this beam i* a iwoup nliaiu which drags 
beneath the water and is designod to grip the lower 
portion of the snag and aid in lifting it to the surface, 
This ohain is hiworod over the bowa by a capstan placed 
at one enil, and raised in tho same manner. It* purpose 


Is prini’lpally to lift the upper end of the snag high enough 
U> permit the butting b^in lieing |>unhed under it. 

Upon tlio bows are the lifting derricks, one being 
utilised to pull out small snags after they have lieen 
loosened by the sweep chain and butting beam. Tlioae 
on the sidi** are intenclml to pull up obstruotions which 
can 1)0 readily removed by means of block and tanklo. 

On the boat the nrvw lueludcs a diver whose duty it ia 
to gi> under water wlien ncoossary to fasten the chain 
around the trunk, or to bore holm In the wood for the 
dynamite cartriilKu and eonnoct it* detonator with the 
wlr«) that extends to the electrio keyboard on the boat. 

Another large snag boat is in use on the Mlsaiaaippi 
and tributary watots wbloh Is 187 feet In length, 62 feet 
beam ovrw tho hull, and oan operate in water feet 
In depth. It is also oonstmeted with a hull of iM and 
iron, and driven by two oecillatJng engines, steam being 
furnished by five 42-ineh boilers ^ving It a totd hotso- 
power of about SOU. The snagging apparatus oonsisU 
of two pain of friction oapetans placed in the forward 
hold and six capstans installed on the deok. 

The “Buter” dairies a butting beam of oak plated with 
iron, alw> a series of live iron shear legs in addition to 
supptiriing bloeks and tackle, a Sampson chain of 21$- 
ineb links, and a sweep nhaiii. 

Such is the iiapacity of them snag puUors for romoving 
the ubslruotioDB to navigation that by the lervieo of tbls 
flrat one of the greatest dangers to ateamon and barges 
plying on the flood riven, has been largely abolished. 


DiMiNfl Dtngenwi it DUTerent Perlodi of Life 

llncR haa bean aald of late concerning preventable 
dlaaimea and matboda of redudiig the annual rate of 
morUllty. The tint OBBentlal of any such scheuics is 
a eatefnlly pnqwrad summary of the causes of death 
In a parthmlar eoantty during a spodfled period, and n 
MtatencBt of the tge and mx of those dying within 
this term of yean. For soma twenty yean the Oormau 
Steplre haa pobllabed atatiiitlcal table* «C all afllclally 
reported oanaea of death. Theae have always been 
divided Into perioda of life and of late yean have dls- 
ttognlilMd tear. Tltay do not, however, cover the entire 
popaltUco, for tbs partldpatlMi of the different atates 
of the Aiidw la voluntary; but tbSre baa been a grad¬ 
ual tnenoae nntn toor yean ago (WAfl per cent <a the 

lohsUtaato of tlM vnirirt wm Inchiiled In thaw digests. 
An tntanstlng analyA at tbs main oansea of death at 
dUMoi^ perioda Ufa, aa shown by thaw tables. Is 
made by Dr. 0. RaUa In a recent nnmbar off tbe Ger- 
wun iloDnal TTufiiaM 

IfpetUi* off tofkqte nnder one yMr of age be states 
that Ih tbs daeade 18«S-190I tba deaths among aneb 
tttfhnta averaged, daring a calendar year, abent 20 to 
42 off aaA 160 bom aUva^ and In the flve ymn 1006- 
in»,MIy n to U eff e«h 100. Of tats yean abont 
4flldem dta aiiirf|d]» to Qaminy, 882.000 of 
them dytog eff fawira aamei Ihr more than cm third 
eff^tthto .dytog off knoim oanaea wtthtn tha first year 
toe tott^tot^-jtflBant la ehceale gaatroonterltU or 
ebol^ IMillpi. that It, the fiiiwee arow from nn> 
tnteihto^ Mb^ MMtoMilt rot about ona 
eenWil ' Ih i i iiitH toT " Oto rt iw • k m gtoted eunae off 


death, whUh occurred generally In the Brat mouth of 
life. Other fatal maladies noUceablo for their freqneiiey 
among Infants less than a year old wrerc Inflammation 
of the lungs, to whirli 116 of each 1,000 dying hik*- 
combed, ami wliisqilDH-cough from which alKJot HO of 
each 1.000 deaths anwe. Tuberculosis, measles, and 
acarlet fever, taken together, carried off less than .1 
In each 100 deaths of yonng Infanta, that K leae than 
wbooping-ecugh alone. 

Vor tlie period of childhood from the beginning ct 
tho Booond year to the end of the Dfteenth year Dr. 
Rahta flada. In hla examlimtloD of the tabica, that the 
annual avenge of deaths was abont 111 to 112 per 1,000 
living; the annual average during tbe flve yean 1006- 
lOlO, from whh!h the figures are mainly drawn, wna 
about 140,000 children, of whom 8,800 dlod of unknown 
canws. The most Important oanaea of death given for 
this age per 1,000 chlldten who died are: Pnenmonla, 
147; oUm« dlaooaea of ths neplratory ayatem. 66; 
tuberualoala, 106; dlpbtberla (Including cronp), 92; 
Hcarlet fever, 64; meaales, 04; whooping, cough, 88; 
diaeoBM of the dlgeatlve tract (indudlng appendldtl* 
and Its consequence*). 110; aeddenta, 46. 

In dlacoMlng theatatlarics lost given, Dr. Rahta rays: 
"Aceordlng to tbls In tbe period freo 1 to 10 years Ufo 
la thraatanad to a largo degree by four widely spread, 
Willy conveyed diaeoaoa of childhood, dlphtberfa, 
maastea, scarlet fever, and whonplng^ongli, for these 
fonr dlaeoaea together cause the death of almost the 
fborth part, 88 per nest esactiy, of alt who anoeamb In 
tMs period of life. After thaw, pnsanonlo, or eome 
other diseaBe of tbe nwfliatoiy gyttwa, la ffwiiDated 


08 tho cause of death for fully one Hfth, 21.2 per cent 
of oil who die from known eauace, and tuberculosis 
as tho cause for fully isin Icnlb. Disease of tbe diges¬ 
tive tract, Includlug aptienillcllis, was a Noiiicwhnt more 
freqiu‘ut cause of death than talM-rculasi*. Lastly, the 
lurge number of fatal sccldciits si this ngu Is notlcesblo, 
for about 1 of every 22 chhcs was aitriliutetl to ‘death 
by Bcddeut'" 

According to these tHhlcs, tuliercnlosla of the lungs 
carried off the greater nnnilsT of those who died In 
the period between 16 nml 30 years of sire. Daring 
the yean lOOO-lOlO the denths from this dlHcnsc were 
468 per l.ono deaths frisn known nnises sinoiig women 
and 876 per 1,000 denlhs among men. Cither forms of 
tuberculosis hi addition are given na tlic eauso of 
death for a further .‘Ui is>r 1,000 dentlw. Among tboso 
from 16 to SO yean old other forms of dlscHse, as com¬ 
pared with tobereulisils, are much less frequently the 
canae of death. Among every LOOO males (femnlee) 
who died frmn known iwuses at this period of life 
there were; 66 (77) ileatha from diamaea of the beurt 
or of tbe blood-vesaela; 01 (46) from pneumunla; 83 
(37) from other diseases of the respiratory ayatem; 61 
(64) from dlsoaaos of tho dlgcattve tract, Incladlug 
appendldtls. 

In contlaulag hla analysis Dr. Rahta says further; 
"Bcatdes tbe dhwaiee mentioned, a very frequent muse 
of death in this period of life la an Injury, especially 
among malao. Of each 1,000 caaes of death among 
males no leas than 12S reunited from acetdenta and 67 
from anloUa, that Is, almost t In 6 arosa from sonie 
form irf Ttoleoos. Among tamales from 16 to 30 yean 
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i>r o«n aci-Menbi wblcb n)miltod fbuliy ind nldda and for iboot 8 at mrjr 88 malta. me Una mnabw n^ia par oaot «t aU fneh BHlaa. OtttiUa tkin dU' 
won- niiicii lew frcquimt, only about 1 doath In 22 or of aulektoi and fatal aeddanta In tba apa Cram 80 to aaaaa Itta at thia adraiUad aft la tMinljr tlinatiaitd'bf 
2.1 lieiiiR L«uaed amoiia feinalm by aueh vlolenoe. In 00 U llktwlae very atrlkbif, for of all tba eanaat of otreteal apaplesy, at oOier dUaaat at Ikt 

liinci! of thta, bowerer, punnierHl fover la frequently death among nialea about one twentlath, 4.0 per cent, leatdnitory ayatao^ aa aatbma or bnoeUal ealanb. 
iiieiitloncd aa the cauae at dentil during tbc youthful reanltcd from auldde, and nearly one elgfataMtb, OJI la tUa pariod tabarcnkiala la appaiaafly by fhr not an 
uge of in to 30 yeara, namely for 30 of uacb 1,000 per cent, from aeddanta. The percentafe tor andi otnaindn a danaa at death aa p***™""** ButaMa^ fed- 
fenialea dying." lunaea among women la aomewhat amaller. dent, or laftaenaa are about aqnal aa oanaaa of death, 

TnbereuliiHbi of tbc Innga le nUo, arvonltug to thew The otBdal atattatlci ahow that after the oloae o< namely tor about 1 In trery 00 —i— vba died anl«d> 
iiililcH, tlie moat total dlaenHo In the period of gnateet tbe alitleth year of life a frequent eauM of death la tog thooe who died of old age. Ob tbq othw boad, 

vigor, tho ago from 30 to 00. Of each 1,000 malca who old oae. It la given for mote than one third, 86.4 per antong aldatly feautlea onlddt or fatal oaaaa of aad* 

dlcii 222 siiccnmlicd lo thia malady, and 207 of carh rent of all women who died and for more thnn three dent oauaUig death wan oodoaably Uoa fngncBt then 
1,000 feniolvM ilyliiK. The next moat frequent canaea tcutha, sad per cent of all men. There waa apparently inihieiiia,'* , 

Ilf deulb 111 tbia period were illMraKea of the heart and no dloetae or Injury in Ibme raaea, but a wearing out of Ihe» aeeau to be oome danger tor wwnen to Oov- 
Ilf fiir hlmal tiwhcIh ; 100 of mtrii 1,000 fcmaica and tlie organa of tbe body. many at dying In ttbiMiwil- During the daoode UBS- 

l.'tfi of each 1,000 mnlea wlio dicil aucenmbed lo auch ‘Tf we leave aaldo,’’ omtlmwa Dr. Habta, "thooe who IBIO tor every 10,000 Uvl^ or etUlbotn dlUdren 80 
iiiiiindicH. Aa In tbe provlotM iwriud of life, heart died apparently of old age, that la, take Into couaider- women died In Childbed, of whom abovt U died Of pwr- 
innililra Hcomed to be more often total to women than ntlon after tba clooe of the ilxtleth year only thooe petal tover, and about 80 of otbar reaulti of oonflao- 
iiirii In tbia nge of .30 to 00 eerebnl affectUina and who died from a more definitely deaUnatod dlaenae or ment Sareral diatoam wbkh are greatly dnnded ;ria» 
Hidiial diHeasca beeume very noticeable an canaea of Injury, we find that neatly one fourth of theoe dlod where and wfakh an eaally ootimyad, u amalbpog; 

death, for alaait one tenth of all the men died from from ftumn dliieam at the drculatory syntem, that la, typhna. and lapnoy etosed but tow daatha In tht an^dra 

cerebral apoplexy nr of Home dbmuitea of tba nervuui from a dlaeaM of tbe arteriea or heart and pnbably during the decade 1802-1802, oa did aloo «■»*■»■ aniaial 
KyHtcni, tbc proportion of women ilying from theoe dla- the caoM of death reported tor tbe pemona antand dlnaaea to whldt hnman bringa on anaeapdlda, naaialy, 
caKOH licliiK not quite ho large. In Hiln period of life In thia etdomn the tables haa boon largely a hatdeu- hydrupbobio, glanden, anthrax, hcA trkdilaoata. All 
iilHo cancer and other malignant liimon were a fni- Ing of tbe arterioa (aiterioaclenala). ITurther, fully the Ihwc jrtf wi —iHoiumI r«ir«i »n fi 4 ii f > errffd 

qiiciit cHiiHc of ili>Htli. Such now growths arc more eighth of thoM not dying tram old age ancrumbed to death In darmany Hiinii«Hy of gji peraona in every mll- 

rrc<|iiciit niiioiig won. than men. being noted aa tbe euiieer or to the eonseqnencei erf ooina other new lion InhaUtanta, eo that the danger from the™ in this 

i-uuHii Ilf death for nlHMit 3 of every 20 femolee dylug growth, namely, 13JI0 per cent of all mch tomolea and eoantry la very alight 


Artificial Production of Vigorous Trees' 

Valuable Srxirts and Hybrids That Have An Interesting History 

In an article on Uie artlOcliil iirndiictloii of vlgoroUH bcMt race, that In, from rlgorona trem of the moat wilt- holly. Some are iporta of /let Agul/oHim, cm naUve 

trecH, eontrihnted to tho Journal of the nepartment of able locality, ehoubj bn need. holly; othen are hybrids, cne patent baing the com- 

Agricultnro and Technical Inatructlou In Ireland (Na 1. A sport la usually a aoliUry phenomenon, arising mon holly, while the other la eHher /tor Perato, Which 
Oetols>r, 1014) Trot. Augostlne Ilonty dlscuasea the either se a apunidic peculiar oeodllng from a leed, or waa Introduced from MadelTa in ITBO, or lUm BatooHoa, 
nature of apeelcM, varieties, racea, sinirta, and hybrids, developing (sit of a hud on a tne as a aingle branch the holly of tbe Balearic Idea, which waa oulUvatad 
os they appear to be from his reaenivhes. Natural ape- ndth aumc ptsmllsrity of twig or leaf. A sport may be at Vetealllea in 1789. Hiller, in bbi account of the 
dee, In tbc ease of trees, are readily recognised by tbc looked u|shi as a freak, not forming the starting point hidlles in 17S0, was acquainted only with the aporta, 
orcnrrencc of each In a definite region or habitat We of a new spcclee, but speedily becoralug extliiet if left which bad arisen from tbe common holly, aa tha othar 

have tliua one species of sliver fir In Central Bnrope, to nature. Sporla, when of lutereet on aceemnt of the apeelea bad not been Introdooed at that tlma and 

anutlM'r in Algeria, a third la amithom 8|siln, etc. Of ciirhwlty or the lieauty of iheir appeamnee, are pr<va- bybridlaation waa Impomlble. The hybrida origlnatad 
onr eoniinon insw—oak, birch, and elm—them ate isilrs gutnl iMually by grafts, cnttlngs, or layers; being only noon after 1800. the earliest onwrently being lUm Boa- 
of species In the same region, escli. however, mssipyliig In rare eases iwrpetnsted by seed. Borne sports srt rtno gls»l aud /tar Bauhrtml, whldt were found by Hodg- 
s dlfTerent bshltst one specltM adapted to s dry sltuA- to arrested development Tlie tree. In the coarse of Its Ins as seedlings In bla nursery at Dunganstown, Wldt- 
tloii, tho other anltod to a molslcr soil. ITio podnneu- life, often isuwes through stages, like those of sn Inseet. low. Here /lea PerUo was culUvoted; and old iped- 

latc onk Is a natlro of valleys and alluvlol flats. It is 73io seedling of many species differs from the adult mens producing flowers and fruit freely are stlU com- 

luit protected against evaporation of water, the supply tm* as s larva tram a butterfly. Tbe infant aah boa moo in Wicklow gardens. Tbe hdly hybrids an vlgor- 
of which In the ground It prefers liclng always ample, simple leaves. Tlie sport known oa the slmple-teaf ash ous trees, bearing large leavee Intermediate between the 
Tlie sessile rsik Is a unlive of billy and rwky districts. Is simply a seedling ash. which has never progressed parent spedea. Tha aporta of tbe commem holly are 
where water Is not sbiiiidHiit In the soli. Its leaves lo maturity snil may be called a persistent larval torm. always grafted, and an feeble In growth, with a tond- 
nre ciivercfl beiientli with hairs, which guanl against AbiioniioJ coloring of ioarco, stKalled varlegatloii, enry for slntfe branches to nrert occasionally to the 
cxmwlvo loss of water by tnuisplrattun In windy Is a sport, usually starting oa a solitary branch on an normal form. 

weallicr. Hlmllsrly two aiders exist on the Contlneiit, otherwise normal tree, which, when noticed, la pro- With ngard to hybrida. Prof. Honry, by historical 

lint only one species, Ahiun tluticoca. reached onr Isl- pagateil by graflliig. Deeply-lobed, crumpled, pitcher- research and experiment, haa mtabllahed the tort that 
Niids, afUT the retreat of the lee Nlu<et, and licfore the like, and other abnormal leavca occur In many spcclea, many fut-growlnf traea In cnlUTatloa aa the Lueombe 
land l•oll^e^■llon wllli I'miiee was severwl by the forma- hiiiI are projoignted as cnrlanltleM. In sports, reversion nek, enmmdb lime, cricket bat willow, block Italian pop- 
lion Ilf the Slmlls of Ihiier The othnr speeles, .1. Is often seen; thus on a tom-leaf beech one or two lar, etc:, are hybrida. By artUdal pifllinatlgn he baa 
liovum, grey alder, Is nlMciit fr<«u our native flora, but liranebi'u with uormnl leaves are not nneommoa This snceecdcd In ralalng new hybrids, which display tbe ex- 
when liitnsliicisl Is very liarily, and Is useful for plant- rererslon may be due to the Influonai of tho stm-k, as traoidlmiry vigor rharacterlatlc of the Aral generatloii 
lug la low lying situations liable to spring frosts. The rhivs* sisirta are usniilly grafted: or It may he explained cToaa; and in bla paper gives an accuuiit of thaoe. The 
ash nspilnsi siieh spei-lnl coudllloiis of soil, that only us tho trliunph locally of normal over abnormal toetom. meet notable ao tor are a hybrid poplar (/•opu/ua 
line siiei-les vxbite In Nortliern and Omilral Kiinipe, tliere NhcU reversions are never seen In hybrid trees. The geworota) and cres s wi between the commou oah and 
Iwliig no suitable soil for n wmsmkI speeles to Inhabit, m-currem-c of a slant seenu to prcdlspoac to further American iqpeclea of Fraxlnaa. 

A natural spoclee is often a set of ludlTtdnals uniform sisirtlng; a tree with leaves abnormal In shape will 

over a large area; but It msy consist of two or more soineMmcs take on. In one brancl^ abnormal color as AdTBBtifWI nf SoiflCe CondboatiOB 

'•gcognuihlenl varieties," which correspond with distinct will. TTicee double sports are commim In tbe holly. An UngHsb firm Introduced the Bowe syatem of SUp. 

territories, each marked by alight differences of foliage, Hybrids are combinations of two spedes or of two tore combustion with Uqnld or sOUd fnala tor whteh da- 
etc,, that render tho variety better flttod for Ite own vniiettee, which arise dthor in the wild state or In dded advantagM ato cisi»~«a Among Uw «pia»i ap. 
habitat, ainw the Cnndcan and Austrian jiliics am eultivatlon. They are met with In nature aa rare plleaUona lUnotrated by tha booklet are t hufC to ansmd- 
i lmcly related, but Ihn latter keoiA Its leavea two years Individuals on the boundary line between the atM ing, toiglni; annNllng, hnir. iMHng , glaa»worklBft and 
biiigcv on the brnnchcH, so that the dense shade of Its occupied by two spoclea. This Is well seen In Tork- metal-melting. It la stated that until recently It haa 
abundant foliage preservee moisture In tbe crevices of ihlre, where a hybrid oak Is found In the localitteB In been hiirfinarj In die indnatilni to enplaff 

I he hot limestone rocks, oo which It grows In Ite Ans- which the sessile oak of tbe hilla comes In contort with muflle fumoees In the haadug of the wani for If the 
Irlnn and aorvlan home. The Corsican pine, with tho pendnneuints oak at the valleya. Hybrids arise combnatlon gaoM gain accoM to It the lend oxide In 
half tbe follsge of the lUher tn<c, thrives im graulte soil frequently in narseriee, gardens, and parks, where aev- die snsitMi la tedneed and the work mined. Tfle cOeet 
In the motet Insular climate of the mountains of Oondca. eral a|N<clea ere euIUvated together. la dm to the Intomplete comboadon of tba p— Ae 

Tbew> two pines only notably dtetinct in one efaarneter. Hybrid trees am mom common than haa been sup- the leaolt of e special taet carried ogt bf npiwaata- 
I he amount of their foliage—are usually regarded as posed. Many velnable trees, tbe real history of whidi Uvpi of an impoctant mamitoetarliig'flrm, U oppeaie 
two Kcogruphh-nl varieties of the same spcclee, /*lsi(x has not been suspected by botontste, are of hybrid that tha oombnadon p c odnet e of tha MW toetwi do nqt 
/.oriHo, blit by some botanlste are eoosldercd to be origin. An an example, may be mendooed the fine dm, tiopste the TTenulml eortoce, and, tbenfbc% may be ' 
I no distinrt spei'lcs. wblcb Is nnlveraally planted In Hdlaod and Bdgliim. allowed to have dee aeetaa to It, ao Ats pryfing with the 

In a sios'lcs mqiarcaUy uniform over a targe area where It Is known ae orme grot or DImm leH/oNe, necsitoty of mtoka, end tfacdiig a great ■vtoff In toH. 

I here may exist varieties, characterlaed by mtnate and Poederld. This Is not. as annietlmea imaginsd. a natural The advutoges ololmad for the Vitam fwyny 
warccly dcscrlbahle dlffarenceu. This Is exemplIiUd by opecles peculiar to theee countries. It la nnqaeedanaUy (1) The *««»»—H"*l la gnatly oecaHntod by the 
Ilia Beets pine. Plots of its HcpdHngH, raised from seed a hybrid, which la Invariahly propagated by loyen, all flmnit eertocoi and, tf ao dsalrait, may be eonoNitoBtod 
of trees III the forests of Scotland, Russia, Swltacriand, the Individual trees on this account beiag nnltonn to Juat whsae tha h«tt Is re q t d ied; (|) the OombtoUon la 
rtc.. differ In vigor and In other icapccts (Immnnlty to appearance. It seems to have originaM thme or four pertoet wUh a excoto at alf; (8) thantfhtfr 

oertahi fungi, etc.), when All are grown together under centnrICH ago, proboUy aa a aingle leeiAfaig, whkdi baa asmt at veay high ttoipantMas la itiMglWi wlHipar tht 
Idcnllciii I'uadltlmin. Hucli rarictles, with slight differ- given rise by vegetadve reprodnerioo glnce to adiM wi. aid of eisfiiiiMto "rtgHimaftia' davMnt (4) u^fpi to 
etices of Ntmrtun-, may be called raccH, and are of great of denceodanta. '7‘rgT ft tatHynf b“"Tit **“emrtiMliln 

pneUcal Importance In foreatry. Only seeda of tbe Tbe dliitiiirtlno between qwrta and hybrida is well of bant fton the MAt of flM|h|M|« toS «u51lbl8 

-.rmiiArrtw. ' known in the nomeroua eoKsOled -varleUoa- of the hoatod le nry tojld, • 
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Electro-Culture of the Soil 


A Discussion of the Part Taken by Electrical Processes in Biological Reaction 


Dmm U» Cew 7 «m« tkm hu bcm much ^M(!n- 
u to tka effveU ol decUlGUa' upon tlie derelop- 
jMot of plants and various experimeuts ha vs been made 
In tbe (ttmnlatlon of germination or growUi by elec- 
tilolty,. eltlier by the use of etectrlc lights or by tho 
mimslT~*r- of cnirents of electrldly to the plants or 
the earth. Besnlts have varied, some Investigators 
great soccesses, erhile otben express doubts as 
to the praotloal value of such method^ or even assert 
that eropa of dUterent kinds are Injnted by tbe use of 
eleetilclty. 

Oho of the advocates of the beuohta of electricity for 
vegstatloa la Prof. Dr. W. LOb of Berlin, who road an 
InteiasUng paper on the question at the session In 
Le^islg In May, 1B14, of the Oerman Bunsen Assoriu- 


These Conditions and results lead to the deduction 
that electrical energy Is of much importance in the reac¬ 
tions of life. The silent discharge seems to be es|io- 
clally suited for use In InvestlgHting such reactions be- 
ennsn In II, under exclusion of blgher teni|s>ralnn>s, 
nleetrlcal eiierg}- aiqieani united with the nllm-vlolHt 
ray, as has been shown by Warbutg. ami beeauiw rela¬ 
tively nI nnig ehemlcnl effects are prodneed. 

.Among the litubsrlcally lm]»rtsnt Inrestlgntiisw un¬ 
dertaken by Dr. IjOIi are; “1. Tbe aadmllaUuii of ear- 
beukr add from moist carbonic acid over formaldehyde 
np to glycolsldebyde; 2, the aynlbesla of the fatty adds 
conuflcted with the assimllalbsi of carbonic add; .1. tbe 
synthesis of gtynsNil from cnrlsiulc add, water, and 
animoala over tbe iutenm>dlale stage of the fornia- 


wlly i>xlHlent Is'lweeii It and Its eiiayme may InSueuce 
tlMj BdKHidloii process between the Ino In tbe wimo 
direction, tiius sidelerulUig tin- eiisynn' reaelion. 

Another fad gnliied fniin the exisTlmeiils Is that tlio 
uatnre of tile Mubslmliiin Is nf lni|sirtaiice for the effect 
of the dladiarge. wbleb w<inld liuply rliat tlie seiialHve- 
iiiws of the spedfle dairaeler of tile eniymiw varies as 
regards elediicnl (renlan-iit The reaetiwia of vegdu- 
tire life, asslmllatiiiii of i-urlsuiie add uail nitrogen, 
process of oxidation and nKinction, enayinallc doconi- 
IwaltlonB of highly mnleenlar siilMtances, which fre- 
queatiy precede fnrtber tmiisfiimiatlonH. as well us Ibe 
iinmeroiia processes of imlymerlxatinn and synlbeses of 
iilber kinds, an' all chwely niiinHied with the form of 
tile Niipply nf eiierg}’- Nnnieniiis qucstloiiH aiise as to 



This Utter fbrm of influence la tho one best milted for or retarded directly by the Influence of (he elcetrleal linn of a lenf ufehorry laurel In air niled wllli carbonic 
Imitation In practical eleetro-cultum, In wbleb there Is dischavgc, that is, without catalytic ngents." add It was found that the elm'lrle Held prislnci'd no 


fanerally an Insulated metal frame or au Insulated 
matal Utticc-work stratchad parallol to the ground at a 
eertatn height above It and equipped with high voltage 
electrlelty, which la equallaed with tbe ground by con¬ 
stant dtsehatga. 

Tha natural form of electrical energy to wlilcli this 
practtwl method bean the eUweat reaemblance, tlmt of 
allHit dlschaige. opens up the question of the reuctloiiH 
attainable through the eqnalUatlou of differences of 
potential by meena of a dielectric, a iioestlon which ex- 
tenda Ihr beyond the problem of clectm-ciiltare. h’or, 
as It Is certain that the dlfforcucca of isSeiitlal ncecs- 
lary for the diacharge exlat In nature wllhout the aid 
of artllleUl devtcea, they must co-operate In proportion 
to their chemical activity In tha natural reacUoas. In 
regard.to atmoapherlc electricity, Derthoint proved that 
dUI(;fr«neea of potential, which vary from 7 volta per 
mAtar In dry weather to BOO volts lu damp weather, 
appear between layers of air, batweeu alr-aurfaces aud 
leefaurfacea, or between the air and the groniid. The 
equallntlon of these dlffereucea generally oecura in the 
form of dark dlaehargea. Another form of continuous 
dadwrie at the earth’s anrfkce U the glow discharge. 
’The part taken by snnissima in generating tiu> snrAicpH 
of imtcDUnl-Iorela hna lieen InvesUgnted of late years 
by Nodun, and In the rninbeam, we should mnember. 
besides the heat and light rays, nitra-rlolct rays are 
alao active, the importance of which for ionliing In 
gases, or In the generation of eleetrona, la known. 

All this led Dr. LBb, who had spent many yean In 
Inveatlgatlnf tha chamlcal effects of the alleiit disehargn 
to take np tbe problem of electro-cullure In connection 
with tbe silent discharge and to make exiiertnienta to 
determlns the part taken by the electrical procr ase s In 
tbe diief biological iseetiona. In hU address, which Is 
givmi In the German Jonnwl 2frflichrl/i t*r Klrkirv- 
cAesMc, he myai 

“la.order, flrat of all, to gain a general poMltlon to 
this problem. It la only neceeeary to recall that undoutil- 
edly durlBf the procew of eqnallmtlon of the differ 
eneca of potential In tbe dleleotrlc. If the dielectric U 
moiet air, deflnlta reaotiona are regnlarly ennsed, aa, 
for Instance, the formation of oaone, peroxide of hydro¬ 
gen, and oxide of nltragen. The tartbv qneatinn nat- 
nrtUy arfaMo, whether these subetaiMSH InOiience the 
Tiffi U tlvo proasMs, ai tbe aaidmlUtion of carbonic 
acM and rt troge n . or proeaaaes of oxMallofi, whether 
thiar Modenti or retird the nimieroni emyme leac- 
thmo. It la alao knowa that diaaileal reaetiona are not 
merety Uiritad to the donutin off gnees. but that the 
IntMjbiep betwiaen tho fronad mod tbe air also canoss 
itrnettcm whUh d|iMtlbr~"t|lbiit tbe antaUnees within 
the fraud. Thao. Bartbalot praved that a number off 
fixed bO^ and fidd iiilNtaaeea ahaoih nltracwi. If 
the dtaaptrioiet laye an aka tahea Into cDnaMoration, 
ttujttadiig «€ pokfiWa naeUoai li madi largor. Be- 
ehlWf MeahaiM aueog atfeiia. ibewad bow eaMOy and 
bafiertaht ntataneea are 
lajr.* '. ' 


In company with Dr. A. Kalo, Dr Wb. about a year 
ago, took up tho question whether the enayme n>n<'tiiinR, 
so ImiNirtant for the germliiHting pbinl, ure misHned In 
(heir coarse by tbo Influence of tbe ekctrleal dlschnrgp. 
To Hcttlc this point It wag necessary to diqennine: the 
condition of tbe aobatrata under the Influence of tbe 
discharge, whether the enaymes are affeeteil by the dis¬ 
charge, and in what way the dlsclwrge hcIh upon the 
enxymatic modlflcntion of the snlwtrsluro Tbe expi'rl- 
iiu'iita bad to bo made both with almimpberic air, ond 
umler Its exclnaloa In order to avoid (he amwaraiice of 
oxom', hydrogen peroxide and oxide of nitrogen, uud 
Involved (odious and doUcato experiments. 

As tiiM experiments sought only to detorinliw' the 
msln conditions, animal iiig vegetable ensynivs, were 
iisml, Holutloiu of suitable dilution bi'ing made from (he 
dried nulMtniice of the paiirtens of bogs. The resiills 
showed that the enaymes iiud substrata used vi-pre nist- 
tem of Imisirtonre, so that there Is a poasibllllv tiist 
the action of the dbwbaige upon tbe vegelalde en- 
i.vme« might be different from Ha action upon Hie 
animal enaymes. .Among Mie most Important rnx.vmatle 
presvesses of Ibe germinating plant arc the dlnstntle, 
tryptic, and llisilytic reaellaiui of Ibe euxyines. In bis 
Hiimmary of results Dr. I.nb says 

“1. Watery solutions of stnreb an- hydrolywal niiiler 
Ihe liifliieiiee of tbe slleiil discharge and the glow dis¬ 
charge In the presence of oxygen anil nndi-r lls exelu 
slou. At tbe same time Ihe pert of Ihe stnreb not 
bydrolyxcd Is altered In another way, |ierha|M In the 
direction of a polymerisation, so that the imrt of Hie 
starch exposed to the discharge but not hydmlywsl liss 
raoro power of rcslatance to diastase than slarcli not 
treated by elertrtcHy. 2. Tha dlaatatlc prepertles of Ihe 
pancreatic snIutlonH are decidedly retarded by the ebs>- 
trlcHl IreatmeiiL 8. 'The reaction between dinsinse unit 
starch hi retarded by the dectrteal tn-iiliiieiit. t. I’eploii- 
lieil allk (partially hydrolysed silk) iwliitlinis an< li.iilne 
lysed only slightly by tho discharge, whereby a Utile 
free ammonia apprara. The amount of the Bminn aelils 
and of the non-colloidal nttrogenona sulsdaneca are not 
demonstrably Inereasrd. B. The tiyptic propertlva are 
retarded by the discharge, d. In the presenii' of is'plon 
laed silk the tryptic properties are not deiniHisinibi.v in 
jured throggh the peptone, 7. In the presenee of Hbrlm 
the elfctrtoal troatment lueretses the tryiHle properties 
wbtdi act upon this, the digestion of Ubrliie la accel¬ 
erated.” 

It was, cnrUmsIy, found that In some cases tbe dla- 
ebarge Injured the eniyme when tbe bitter waa exposed 
to It vrlthoot a suhatratnia, while when the substiatum 
wu pnnent tbe actiwi of the enxyine waa accelerated. 
Tbe reason for Ihla may he that Ibe dtscharge changes 
thfl collnid condition of the tmayme and ejirouragea floe- 
ciileuce. If tills iiroeosa licgins without a siibalnilam 
It iH puadble that the adbealoa of tbe ansyme to the 
aabatratum la made awrt dUDcnlt abouM the latter be 
aiMed Mten It the eotiatrafiim k p r e sen t daring the ile- 
TdopaMot of floonlvDee, tiw chemical kfflnlUea undoabt- 


I'biiiige In tile UHsliulIntbm unless a glon illsclinrge was 
obtslncd. Holli ooiitiunoiiH nnd nlteniHtlng rurrenla 
were usnl, also an allermiting flclil nas IrM. The 
reaction prislmwl by ibi* glow illscbarge injuml assim¬ 
ilation, Tbo uilmlxlnri' of owino or ovlilc of nitrogen 
with Ibe air bad Ibo siiino offect as (he glow dlsebarge. 
Tbe eonceiilratlon was illlnlcil until no Injurious iiffccts 
were |H>ree|>tibb>. but no useful results wore Hitolued. 
In iunjnnetlon with these exis>rlmenls, Messrs. Kuigbt 
and I’rloatley of (bo Ilotnnlivil (liirden of the llDlveralty, 
Ilf Issvis Invesllgnlod Ihe bn>nthlng of plants under tbe 
inlluonee of elisdilr flelds and rearheil only negative 
resnlts, 'riivse and tbe Inveatigatlons of other seluiUsIs 
menlloiHHl leil lilm In Ihe opinion thot when ancceas la 
obtained In eleetro-cnlture Ihe qui<stinn proves to be not 
tbut of eloetriral netlon upon one nf the physlolagh'al 
rnnelliHiH of Ibe plans, but merely that nf an entirely 
seeoiabiry effect of elcetrlcUy. 

In reply to the Inquiry how be siiiqsisisl tbe glow dls- 
rliurgp sffecled eiiaime aelloii. whetiier It was Ibrnngh 
Ibe pruduetbm of rerlalu cliemicnl subetancea which 
Inllueiieed llila action, Dr. l,nb said that any Influence 
coiihl only be on the surface, ns tho eniyme snlntlon 
fi rins nil eleetrode wllhlii wbleb linrilly iiny iien'ciitIhle 
full of isdeiiUnl .niim lake plinv. Tho eiitim fall of 
IsiIoiiIIhI ivours In the atuinspboro: Ihe reaction takes 
place on the surface of Ibe lluld Forbaiw tbe beat way 
In deserlbe how (bp ehemli'sl biIIuu arlnw would be to 
comimre the phenmneiia with the action of tbe ultra¬ 
violet ray. If ultm-vlolet ruys an' (brown on a ster¬ 
ilized aalntlun of sugar tbe solution at once changes. It 
nhsorlm oxygen, iixlillxliig priKcsaca appear, etc. With 
the aid nf the tiieiiry of electrons, various schemes 
could l« adrauced as to how this bapia'iia, hut he did 
not wish to form ii ilellnlle theory until more foots had 
IsH'ii ilelermlncd. 0. Srhall of Isdpxlg spoke nf an ex- 
IN-rlniniit onre inailo with nii eln-lrleally '-barged metal 
In II solution with ehleli It acted a hen not charged. It 
was elsimed lluil Ihe n'siillliig yield was greater, so 
that |M>rhaps Ihe reaction was ncivleralHl In some man¬ 
ner. It was also siiiqHMuhle that leaves ehsrgnd at a 
fairly high polentiiil. inn vnll^ could, when tho eon- 
slllnteiila there isniiblni'd. act n|ion the speed with 
which a reaction lakes pbico on the surface. 

Ill reply to an liajulry as to how the exportments wero 
made. Dr. I.Bh said the puiyme soluttona wore exposed 
to the discliarge In suitable vessels, and simultaneously 
Ihii same aulullou was set In a similar vessel wlthont 
extsmute to discharge. Then the enayme strength of 
tbcae eiiiyme aolutioim was determined, and It was aet- 
tled whether the apeed nf the enayme reaction had been 
Increased or retnnied In the hydrolysis of ataich or In 
the digestion of iwptnne, cnaeln. or flbrinc. Next the 
liehavlor nf the anhatratnm without the enayme under 
tbe Inflneucp of tlie diaefaarge was Investigated, and 
after all thbi tbe enayme reaction on the aabatratum 
waa allowed to go on to completion aimnltanaoualy 
under tbe efreet of a discharge nial wlthont dlsehargu. 
Tbe reault was qiiaulltutively iletermlued, 
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Fig. 4^A record obowlHf oxtrom foticiw of tho ■owtoo. 


Records of Radio Time Signals* 


Made With a Physiological Recowler 


Uy Prof. C. W. VVngK^ui^r, West Vii^nia University 


Vooii tbe date of (lalranl'i hlHtorlr experiment witli 
tbe frog muHCle In 17S6 to tbo |>mM>iit, phyidoloctatR 
have InvHHUgated tho rttoct of electrlral and Tnecbanical 
atlmulaa iiimii (hla remiirkably MOiiHltlrn phyalologlnil 
mechanbiio. llHiniluilla la iTcdllcd witb liavliig made 
tbp flrat rnrefiil atiidj iif the uiiiaclc-iiorvv preiairHtlona 
In IWUi Huil the UK nf tlivep |in>|nniUnna frnin Ihp frog 
for the atudy iif (lie vluiructurlNlIca uf thew tlnMum le 
(Mminiiii In all pliyaiuluglcul iHlmraloricn. 

'J'libi iMIKT la a report on Mime rerortlM made with the 
iiiiiHclp-iHTTe iireiiaratloiin of a frog <it the radio lime 
algiutla Hpiit from the tleveriimi'iit tuiviil HtiiUon at 
’ Arlliigtoii, Va.i and iwolved mi u ainnit aerial erected 
Ml IIh> (taiuiHia of tint Went Vlrgliiln Vnlverally. 

Hr. rAifeuvre* of the I'lilvcralty of Ilvtinea, France, 



Pig. t.—Kcceirhii apparatu. 


aiieciHilid III iililiiliiliiK Millie li'innlM of the wln-linH elg- 
iiiiIh m'IiI rniiii llie Flirel Tower, riii'ln, liy iihIiik the 
iiiiiNele'iierve preinrHlIiiii ot a fnig, IniiiHUilwiloii of 
Hiirli nIkiuiIn rmin I’lirlH to lleiiiiva ladiiK for the iiioMt 
luirt over \er} level Iiiiid, mill at a dlaliinee of iippruxl- 
inatoly two liiiiidred ml lea. He un>d a HPiialllve elvc- 
IrolyUc rceidver, ahuiitlug Hie rueonler current anniiid 
the high reHiHlanco teleidioiiea which were plaeed In 
M-riea with the iletwtor and laSontInmeler. 

Tho (llalanee frniu Murguiitown to Arlington. Va., la 
aiiproximalely lib! miIIi-h and In between lie three lilg 
monnlaln ranged, omi ridge of which rinpa tl.atlO feet 
above tbe level of the mraima. The aerial naed In tlieae 
experimeiita eonalated of fonr calilea of atrandod copper 
wire, aeien atranda of Na 21 wire to each enlile. The 
Hprial In of the Inverted I, lypie, the lilgheHl iniliit being 
112 feet ntiove Hie ground, and haa aufllcleiit leugtb to 
give It a natural wavp-iengtb of 870 metera. 

In Fig. 1, dbowlng tbe reeeivliig apparatua, A la an 
Indnctlon type rrcelvliig iranaftinnpr wbicb waa con- 
atmeted In onr abop, and haa a toning range of flO to 
■4,000 metera with a comparatively ahort aerial. H la a 
variable enndenaer of approximately 0.001 microfarad 
cniiaelly. W’ la a Iiuixpr-drlven wave-meter, the Induct¬ 
ance of which la looHely couplial with one turn of the 
ncrlBl leotlln. The plectrlcal lainiiecllona are IhoM 
commonly used for receiving long wave-lengths. The 
aei'inittery of Hie rcciivlng transfonner la idinul«>d by 
the vniiahlo cinalenser In Insure ease In shari) tuning; 

» A paper iwiil Is-fore (hr Amrrlran rhyali-al Porltty, Waah- 
D. 

f tosC. Kl, voL Uil. IPIS. 


around the secondary la alao ahuntod a circuit contain¬ 
ing tlie detoctor and a dmali Oxed condenaer in aeriea. 
The tenulnalM leaillnx to the recorder are connected to 
11 Hwitch so that either the recorder loeda or the tele- 
plionea may be ahunteri acreai the sniall fixed condenser. 
The Imixer used In exdlc tho wave-mater la of the tyiie 
doecribed by Austin.' The bniaer is very aimpio tu 
constract and gives aurh a steady, high pitched niSe 
In I he teleiihmiea that we have fonml it a very valuable 
iidditloii to the general ninlpmciit of tlie lalwratory. 
Tlie liuxxer shown In the figure will u]a>rate on two dry 
cells for alx tu eight bouni at u time without reiiulring 
any udjiistraeiits or attention. Such a buixer la esseii- 
Ual tu the moat careful adjuatucuta on Hie allicon de- 
Us'lort. Tbe detedora are shown In the figure at 1> and 
are mounted u|a>n a spring sutiport Simple alllcon- 
Hluel detectors without batteries were used throughout 
lliese experimeiita, and it waa found that they were 
limply senalllve fur the recorder. Tlie s|iring anpiairt 
for the detectors wna ftmiid lo be a great conreulenrc. 
Those who have used llila typo of detector know how 
mmative It la to a slight Jar, and with this t)’|ie of sup- 
IMirl there whs no dllticnily kedilng several detectors In 

udJiiHlmcnt for wiwks at n time without riMiirbtng them 

In the least. The ex|atrinH>nts were made dnriug Feh- 

riiory iiimI March of Inst year, and little tnmldc was 

c>}K>riouccd from static dlschHigcs In the ulmiMphere, 

The iiiechunism for milking Hie reeonia Is shown In 
Fig 2. The frog la shown at F (the tolilo u|Min which It 

WHS in<miil<<d was tilted lo the vcrth-Hl imsUluu for the 

|iliulogru|ihl. The iirciaimlloii was uiaile by removing 
the frog's brain, destroying the sidnal column and dla- 
M-ctlng out the sciatic nerve which snerglxea the gaa- 
irncnemlus muscle. The moscio was cut free at the 
lowest point and fhsleiied by a cord to one end of the 
long lover shown iit f>. This lever, with n inltahle 
shiirp ranrker on Ita end, was arrnnxed to move, at the 
coiitmctloiia nf Hie muscle, over a smoked puper kyuns 
graph K driven by a cnnslaiit e|wed motor M. At T Is 
shown a small Tniunicrmanu tlme-umrker which was 
udjusted to record aocouda simnltaneoiwly with tbi> 
record made by tbe mnacle-uerve preparation, Thbt 
time-marker hss a fine itwisa watch movement, and n 
comparison nf Its record with the standard time record 
UHidc by the mnscle will show an error too smal l to he 
iielormlned on the scale drawn on the record. 

Tbe method of making a record waa to tune the re- 
celrlng tnnafonner with the aid of the wave-meter to 
2Jiiii) meters; then ss soon os the signals began lu 
arrive tbe telephone leids were repUced by tbe leads 
to the recorder, and tbo taro placlnnm polnte or elee- 
trodaa In contact with the nerve were moved aloni the 
nerve until a atrong bnt reguUr reqionw to tbe algiiBls 
was obtained. The records were flxid by coating them 
with a thin Mlntlon of abcllae in akmhel. 

With a aatlsfactory preperattim no difflcolty wia met 
with In getting full five-mlnoto reeoida of the time ilg- 
uale both at 13 noon and 10 P. H. (aaetorn time), often 
the same ineiNiratlon rervlng to make records at both 
these honiu. In a namber ot caaes It waa fwuid that 
when a frog waa prepared only a few mlbntea before 
making the record It wai entirely too aemltlve, and a 
complete tetanus would leonlt fK» tbe sttmulna ot tbe 
first few stosals, and no reaulto could bo oMaUad. 
After twelve or fautteeu hours this aame pceparatiUB 
“ 'AMtlB. gsU. ga^o/s te s' a iw d t, vel. vl.’ iwft 


would often glvi! an excellent record. A (uw fruga were 
found whose muacle-nervo preparalloiis tailed to re¬ 
spond at all. This fallnra may he line tu tlie fact tliai 
only winter frogs were to la- had aud at.thia In 
their biberuatlon their vllallly was prphgildy very low. 

FIgn 8 and 4 show some records rnfide by tbla type 
of recorder. Fig 3 shows a record made by a freshly 
prepared siaiclnioiL This rarunl was taken at 10 P. kl. 
and on record following the time diisli at 10 will he 
funnd t weather slgnala The miisi'h‘-nurru prepan- 
Huns will nut resisuid to rapidly reiawlial stImiilU, apo- 
rlally If the muscle la fatigued, as whs tho case in ths 
record shown In Fig 3, and II la of course Impondble 
lo interpret the wretber sigiuila from this record, it 



Fig. Recording apparatug 

was isisalhle often lo record the operator's signature at 
the close of the last Ume dash, bnt only when llio frag 
was naed lu making signals for two nr three mlnntos. 
Klg 4 Is a record showing extreme fatigue uf tbe mus¬ 
cle, This record was made by a muaete-uerve prapara- 
lion which had lawn praiaiNd tweiity-ilve fauura befiwe 
Ihls record was made and tbe raiddly docreesliig am¬ 
plitude of the vibration lialicatm tbe fktlgne. 

kVom the experiments perftanned It asema -that tbia 
type of recorder, while remarkably aenaltlve to amall 
electrical impulseu, U limited to slowly applied rigntli 
If the record is to be taken for any considerable length 
ot time. A freshly prepared apeelmen will show com¬ 
plete tetenoa if the impnlsee occnr ss rapid as twenty- 
five or thirty tliMe a second. We were nnablfi to get 
any very Mtiafactory recorda nf the vmther eiguite. 
except to record some uf the nmnetala which consist of 
well spaced dote and long dasbM, ereg with a frenhiy 
pcepacad tpadmeu. 

*Llka all racorden, thla out reqamds to atetlc dla-' 
ebargea, and if the atatio current la very ateong tha 
high current tenda to eanae teUaua and ruin the reeoid. 
It la poMtble that this typa of recorder omid be ued 
by otMwrvatorles In eonnsetiau witb tbe ebronegraph for 
fining the rate of elockg makliig nss of same sort of 
an ampUlor, aach as tho Audlna, in such stetlona ao tar 
distant tnm tbe snidlng atatloo that tbe reetored fiu^ 
rent on the antenna wireld not be andlelent to ofmwte 
tbe nraerip-Merve prepantica. The reaponae to tha olff- 
ttala Is vary rapid. Fbyaloloitete hare found ttgt thto 
moae i e-nerre pfopantteu will rmponA to tha attgreire 
lo me^na bniidndtfap oC a aaeoud otter Qm efinaBt hfig 
ttaohad tha Mrr% 
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Im thf fPMd of the kymegnph. Dwtmm In ■■pUtod* tliowi mnienlnr fallitiir. 


pnpantMi had been made tweaty-llTe bonra berore ualaf. 

llTdrofeii, It! Technical Produetioii and Uaea* 

By A. F. Scakcr 

In recent yean ttie cheap pniductlaa of hydiugcn on 
a lane acale tor technical iiunwaet hat became a prob- 
Imn of aoine Imiiartance. Formerly It wet need occu- 
iluipilly tor fllllng balhioiia and In the ozy-bydroKon 
Hainoi of the lo-ralled “calcium light." Being the 
IlghtMt of the common gtaae and of a correapondlngly 
high luatalnlng pua-«r, It bna brciiiiic eaaciitlal hir tlie 
nillug of dlrlglblo balloone with their hear.v burden 
of propelling uiachlnory. Such uaea, boworer, Imre 
Income of rnllier aecandary hiiportnuee, and It will 
probably be only a eburt time Itefurn the dirigible balloon 
and tile “caldum ligbt" will hiive been permiiumitly 
diacanicd In favor of heavier thnii Hir tinichhieii iiud 
VHrhMl funuii of preiJected llghta operated by eloetrlclty. 

Tlic uzy-liydroguu dame la miw iNKOinlng ii rtimuion 
tool In the handa of tlw nrtlaon In working refrnctory 
luetala: liquid alia and toft greoaea ato now "lodru- 
gcuated" to ptodnee acceptable lard mid butler tub- 
atituiel. and ahn aulid fat aultnble tor tlM maiiiifactun' 
of hard iua|M; and hiatly, the naa wbicli pronileca bi 
(oniume enormoua quaiitltlea, iiminonia la luanufucturial 
Rum bydrogau and atmoaphcric iiltrogeiL All theae 
■wee tend to moke the problem of the pnaluctlon of 
cbeep hydrogen one of cimeldernble Iniportiinro. 

The euiploymeut of the oiy-hydrogon torch la tiai 
well known to require deecripllon here. The luni- 
nierolol “lij'ilrageautlon" of olla ami fata le of recent 
Introduction. Tbe protwaa conilata hi trentlng tlNi oil 
or greeae In a eultable veatel containing a cutalyaliql 
agent, gonvnilly nickel, with hydrogen under preaeuro 
Tile oil la violently agitated In onler to bring It Into 
lultauate contact with the hydrogen and cutalyaor. Tlio 
reault la that the glycerol eatcra of tlio nnwturatod 
fatty aclda, which generally roiuilit tor tlie moat part 
Ilf oleic acid, become aatnrated, and the mono-, dl-, or 
triolein, aa the caae may he, It roiivertcd Into the 
I'urraapondlng eteiirlii. The iilolna are eltlM>r liquid or 
roml-aoUd at ordinary temiwrature, and pr ee aoft 
aonp or Boap that will not bold much wat» wltbuut 
becoming aoft Tbe atearina are aolld fata at ordinary 
lenipenitnrei and itroduce hard aunpa. Thai by the 
pnieeiH of hydrogenation, cotton aeed and com olla 
are tiHlay la-hig converted Into lard ni«l butler aab- 
HtltuttM, iiimI llm aoft waala greeae wlilch toniierly ciuiltl 
only bo uaed iqtarlugly In aoup on ni'cniiiit of their auft- 
mlng effect i-an now Im employed almie ne aiaip atoek. 
Tbe importance of tble la undotatood when Uie aoarlng 
pricea of animal Ultowa are token Into conalderatJon. 

In view of tbe impending ezbanatlon of tlie (’bile 
nltro bedo, tlie problem at the fliatlon of ntmoapberlc 
nitreaen tor tbe manotocture of artificial fertlUgera 
baa reedved constantly Ineranaed ntteiitloii. Klectrlcnl 
methodl for the production of cyiinliiild from caldnm 
carbUe and nltngan, and tbe Homing are prueeaa tor 
maUni nlRlc arid dlrebtly from the air have been 
•otablldied npon a tuccemful oaromerrlal footing, but 
UieM nqnlra mch an anannoai eiiiendlture of energy 
tbat tlMv cui only be operatad profitably whara tbere 
la an bbondaiMe of eboap wtte^|)owBr. If only tbeae 
proemaa wart tTollabia, coiratrlei lacking In wate^ 
poiwar wonld be ptaead nt a dlatlnct dlaadvantoge, and 
fof tbto raaaea many cbemlsto, portlcnlarly thoaa of 
OoRngny, have toberad to And a precan better inlted 
to ,the oondltloiig gonoitodlDr them. The detalla of 
thb anreh ware daacrIbM In k moat IntareHtng man- 
nar batora tha lUfhth Thtematlonal Oongren of Ap- 
pHad (AambtiT. by Hofnt Dr. n. A. Barntbnn, wbo 
la tha Chemical Dhaelor of the Badlaehe Anilln nnd 
flnOi tabrOt, tha ownara at a arnUietlc nmnieiila fkc- 
now In at aio anti i l oparktlo* nt Oppau. 

'■ s dksndtal ilaataaar." 


Tlw iiroceaa, which luia been uniueil after UuU>r, Ita 
liiveutor, conalata In paaalug a inlxliire of pure iillrugeu 
and hydrogen under a preaaure of JOO to 250 iitiiioa- 
pborca tbrougli a tube Blled witb a caiulyscr and beatml 
to (giu deg. to TOO deg. Cent. Tlw hot kuihm tbcu puM 
through a Iieat rogciienitor and thence through an 
niiiiiiuula abaorlwr, after which they are re|ilenlahed 
with freah giia inlxtiire and forced by a pump bai'k 
over tlw outer wiilla of the cniitu<-t tube nnd then 
lliruiieh tlw nmtiict iiiniw to repent the clrcnhitury 
I'ouree already deacrlbed. Only a |«rl of tlie giia mlx- 
Inro la cuiitvrletl Into imiiiumlu li.v a aliiglc piihhukc 
llirough tbe converter, but tlio gnnua arc raudr to cir¬ 
culate emitluuoualy thruilgh the npfMirnlua, the uin- 
iiioiila ladiig ubeorlied encli time ua the mixture lamie< 
from tlw heat regenerator at tlio end of tlw cmitiicl 
tube. Tlw giiaca are repicniabed with freeh bydrogen- 

... iia roqiilred. Tlie eontart miiKa ron 

alalM of lain* Iron coiilaliiltig amall aiiwimte of certnlii 
wMWlUal iinaiMdiTa which may coiialat of oxhlca. Iiy- 
droxidea, or aiilte of the alkalies or of the iilkiillii - 
ourtha, and also many other tubatencca of tlw imiU 
tiirled iiiilurt*, eaiwclally nietnille coin|wamla or tho 
metnig tbemaelvea. 

Thera have been many waya propiiwal for the pro- 
iliiclug of hydrogen on a large scale, llw moat liiipnp 
tent of which are (bu electrolytic ond the water gas 
pna-CM. Tlie alttdtw of A, Wegener and otlwrs lend 
to the belief that at an altitude of alwiil 75 milea ihe 
iiliiMiapbere (viialata of pure hydrogen and nitrogen 
that would Iw Ideal fur the Haber proroHS. ('nfor- 
tuiuitoly no tiieniw of piping tbceo gnscs down to oiir 
sphere of iictlou arc known nnd we uiiut content our- 
iirivoa with mom lahorloiw metboda of tinKlactlun. 

At Kiiropetn unity iKwIa, liydrogen for nillltory lial- 
haiiiH la romnamly goiicratud from wrap Iron and aiil- 
plinrlc acid, tlw n-actloii Iwlug acc-cleratcd by hciil- 
liig tbo mixture to iilwui 55 deg. Out. For held 
operathaia nine Is iiaetl III pliuv of Iron and tbe gen¬ 
erators lire inountei] on wIhm-Ih to faclllliite Irmiepor- 
tntlon. Tbrao utlier, and nrnri- iiaaleni nieiiiis, of 
generating hydrogen arc used tor Held purisisea nml 
will no doubt be ailnpteil for other than military uaea 
In places dllllcnlt of n<H-ea» where Uiii gns la needcit. 
Tbeae pria-caaea were liiventeil by (1. F. Jaiibert, a 
Frciicbman, nml were iiiiiiied by lilin reajwcllvely, llai 
•■Ilydrollth," "Hlllcol” mill ‘'nydrogciilte” pnaiwea. 

nydndith la tormwl by beating iiietalllx cah-Uiiii In 
an atiiHiaplwre of hydrogen, iiriHliielng a liydrhlc, Can„ 
which when treated with water reacU as rnllows. 

0 anrfII,O= 0 a( 0 II)rf 2 II„ 

Jiut na caldum carbide geuerates acetylene. Uydni- 
Hlb la a white cryatalllm iwwdor, dccoiniwalng at (100 
degraea In n vneuiini, and usually ooiitalns about 90 
per rent of CaII„ the rest belog nitrlda nnd oxide. 
One kllograui yields nlsnit one cable meter of h,Tdro- 
geii. The apparatus desigueil for iialng hydrnlltli In tlie 
Froneh army Is very Ingentons, ran readily be trnns- 
parted and has a capacity of 1,200 cubic meters per 
boar. An tinny dirigible can be flileil In tour bourn 
Tbe high ^ of hydrolltb. bl-SS per kilogramme, will 
at preoent oerloimly restrht Its uae outside of military 
operatloni. 

Tlie Blllcol process consists In trentlng powdered 
tomislllrum or mangmiteflllcnn with water and caustic 
soda. It dova not appear to hsve gained extended qse 
because of the more troiiblosonw mautpulatlnns and tlw 
greater dUBculty of controlling tbo evoluthm of gna os 
rompared wllh the other methods. 

Ilydrogenlte la eomposed of ferroidlleon (containing 
00 to R5 per cent of metallic silicon) 26 parts, caustic 
soda 00 parts and dry stoked lime 90 parte. The In- 
gradlanta are reduced to n very floe powder. Intimately 
miMd, and prentd Into bride wd^ng 88 to 60 kilo- 


griiniiiM-s. Being very liygruscuplL-, each brick must be 
sealed lu ii tin box tn prevent decumiaisltluu. lu gau- 
enitlng liygrogoii the brick la placed lu a ineUil ehain- 
Iwr having double walls, tbe spuro between (lie two 
nulls being tilled wllb water. Vents are phiitsl In tho 
upiwr imrt of the Imier wall leading lu tho routnil 
clianiteT cuutiilulug llw hyilnigenltc so that tho steam 
funned during tho combustion may gain access to the 
charge unil liii-rciiBo tlw yield. The luver of tlw tin 
coutiiliilug the hyilnigeiilte Is ojieiietl, the lightly fit¬ 
ting lid of the gciieraliir riisleiied lu place and through 

II suiiill Iwle lu Ihe latter a red hm win* Is thrust Into 
llH- charge. The mass Imi-iis quickly, without flnnie, 
gciienitlug beat iiml ovulving liyilrogeii uieunlliig to the 
ispuitluu: 

81 + OuOII), I 2XiinU=Xii,MI<l..|-t'ii(»+2II, 

One loliime of llic comiii'cssiHl b.iilnwiille yields MSI 
lolumin, or 270 to ;t7tl liters is*r kllograuimc, of pun- 
liydrogen, at n cohI o( about :I2 ceute is-r eiilih- meter. 
The rmpilslte opisiriitus tor Reid iiiirisaws welglis about 
ISX) kilogrammes. 

Tbe methods nniployisl ii|soi ii liii-ge si-alo are, of 
course, coisible of prmliicliig tlw gas much uion* elieiiii- 
1.1. In one of these im Iron, clny lined rvtori Is llllnl 
sevcn-cIgbtliH full of nike, Ignited and raised to n 
white bent by an nlr-bluai. 'I'lie retort Is tlien cIushI 
and a elieup hydrucarlsni like cnido petroleum or coal 
lar Is lujis-lcd Into 11 from tlw top for about 20 minutes 
or until tlie teiii|ienitnrc lias fallen below the proper 
iTHeklng point, tbo gas thus generated jiosslng Uiroiigli 
a sprluklllig lower and flllereil Into tlm gnsniueter. 
riw oil Injector Is tte-ii shut off, tlie n-tort opened, tlio 
iilr blast again liirm-il on, iiud tho pweesa refloated 
lislelliillely with iwrliHlIcnl reiiowni of tlic coke ami 
reiiiuiHl of tbe aslius. 1'lie iirodiiet eontnliis about 2.7 
per ci-nt till, tHKi iwr cent II, nnd 1.5 per i-oiit N, and 
tins a siwclflc gnirlly of 0,1, Tlw gos eaii lie sllll 
furl her piu-lficd to a i-imtent of lix.4 jkt Oeiit H. by 
iwasliig It tliroiigli Bulliilile absorbents, nml le protliwcd 
lit a total laiat of S to -I i-eiite [wr cubic meter, aceuril- 
log to tbe sixo of the phiiit and tbe miiterlnls used. 

Isirge amounts of liydrogen are obtaincti ns a by- 
prodnet In tho elcctrolysto of oalt aolutlons lu tlw mnn- 
iifm-ture of i-blorine ami of I'HUstle hsla. Tlie elec- 
Irolysls Is effeelisl In il i-ell having n i-eiiiiait rilaphnigiii 
n hli-li Is not Htliieked by eliloriiic or enustle wain. The 
i-lectrudoM arc Iron nml i-nrboii, llw latter being laa-d 
us an anode. TIm- n-ncllini which Is ns follows: 

2.NI1C1 + 2II, - 2,\iiOII 4- III, 4- II, 
yields 7,tXS» (-iibh: feet of hyilrogen for every tun of 
suit. A cell ii|s*rnteR on in.lSXt horoo-itower at Grlew 
helm, Germany, prodnclng 215 mllllim i-iiblc f,*ot of 
hydrogen per annum. 

Two other methods, now little used, consist, (1) In 
INUwliig Hii|icrheHte<l sleniii over nsl Imt Iron, and (2) 

III eoiidiictlng water gas Ibroiigli suitable absorbents 
BO tbat the i-iirlwu-monoxhlo and hydro-carbons ore 
roitHivial, leaving behind tlie li,vdrogen and nitrogen, A 
third pm-OMi whh-li Is lucreiishig lu npplh-utlnn was 
devised by Mude, Frank nnd I'liro. In this, water gas 
which consists mainly of carlxai monoxide nnd Iiy- 
drogen Is eonipreased and cooled to the liquefying point 
of the carbon iiwiinxlde Bisiii relieving tlw pressure 
tlw mixture rximnds and In so doing Is cooled still 
further so that tlie carbon monoxide nml must of the 
Impurities saiuirute out In liquid form, allowing tlie 
hydrogen to iWHi off In a fairly elenn (07 to 06 per 
rent II) conditloii. The mixture containing tbe liquid 
earbon liwuoxide to Inter vniwrlxed and uaed In com¬ 
bust Ion iiMitnrs for power. 

Tlw growing deniatui for elienp hydrogen for Indus- 
trial uses will act to proiiaite Inipnivenients In Is-tli 
tbe elw-trolytle and the water gas processes because 
both require comparntirely cheap raw material. 
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Electric Waves and Oscillations 

A Means of Investijfating the Interior of the Earth 


The nllvm)ilh «lilcli until very niviill), Uvii 

Hiwiirtt!t«riil III iilJlliMi I'livlrli' riiriviitH uiid waVM In 
llu- liivfNlleulluu uf (lu> liiliTliir <>t tho Mrtb fXtHUil 
UiK'k. ruMiMN-iluil), to llie ycnn J8:i0 nnd ]0U1. The Unit 
lirurlli'iil n.-HiilIn III Ilil« Held, altaliieil liy lleliiriFh 
laiM) and iiDM'lt In lOlU and toil, attracted by no 
iiii'iiiiN tin- attention lii luliilna elrclin lliat we bad an- 
tlilinileil. Klun nt the iiroMeut day, lu the face of a 
Kient iiiinilior of aiiccetMful iielilevenieiil n, nmiiy ponoiiH 
are nIIII Hke|itlnil about the develoiiment of elcctni- 
ilyiniinlr niethoila of exiilorbiK the earth, Judging fMm 
in> e\|ierlenee. Ihln In due eMinielnlly lu the fuel thiil 
indtlier llio iilijaleal IhihIh nor the Heiii*' of the viirlnUM 

telivrniilii, the iiiont fiiinllliir iiiildlcntton uf elcctrte 

Hiiiee and oeellhilloiiM, la roniinonly neenunlial . of 

the iniirvelN of iiiiMlerii llinea: whllo the ap|illratlun of 
the Millie idieiiiiinenn lu Hiihterriiiienii exiiliirntlnii la 
eniiali'inal to the rcillai of fiilde. In the following re- 
inurka 1 )iii|ip I niii) Ih' Hide to roniliiee the naider tlint 
the hitter iiiHdInilloii la neither IniiHwalhle nor lucuiu' 
lindienallde 

Tile |>li.ihleiil Iirliieliilea Involvial In llila anhjeet were 
dIaeiiNHiHl In detnll in Ibe Jonriial hull, 1:0111100 7, lOUl, 
.\o 17. I there eililnlinal the iirlnelpleH of the wlndeMa 
tniiiainlaHlou of eleelrleiil em-rgj thruHgli atmee. 111 order 
to an\e liriiellOHl mining men the iiociaiHlIy of (niuniiU- 
Ing n work on wlreh-aa telegraphy. Hence. 1 Hhatl lu 
the iinwni nrllele lliiill ni.iaelf In a abort Mketeh of the 
iHi’loua proecaaea. 

Tito imHalhlllly of npiilylng electrical waree and oxclt- 
liitloiiii In the Inveallgntlon of the earlh'a Interior dc- 
IH'iida iiiHiii eerliiln idiyalcul (llflten-neea In the niaterlHb* 
eniiatlliilliig the enrlh’a eniat. The latter full Into two 
elawuai. iienirding na they eondiiet et(>e(rlrnl curreiita, 
nr, nil miHHint of Ihelr alight cinidiiellvll.v, are claaaed 
iia InaiiluloiN liiaKl eoiidiielora of an electlieni eorrenl 
are liiiiU'rvloiiN (o eletdriciil winea, wherena the latter 
laiaa nInniNi iiiiiifTeeled Ihroiigli Inaulntora. 

.\h elietrleal nnvoM differ from light wavoa only In 
\rnM>-lenglli, n|illea1 iiheiinnieini iini.v he dlrtadly reprm 
ihieial lij the former. W'llb an n|i|<iii'nliiM for emitting 
wiiieH III aender) and one for rta-ordliig them (a re¬ 
adier), we nni) inahe iiiiiillNittve oliaervniIona on the 
iimlerhil l.ilng Im'Imiuoi the too liialriinienla. Aa atated 
idaive. mnlerlala thill ore eoiiduetlve In an eloetrlral 
eiirrent Hill not |a>riiilt the iniaange of the wnvw. 
inning llie eoiidiielnra lire miter.' SHlt Holnlloiia, and 
alniln sniiiriilial with Iheae; alao 11 large iiiiinlatr uf 

<1. ilMiriilloH Method. 

A llrat pnietlnil iiietlnal nt Inveallgntlon. llie nliaorii- 
tloii pria-eaH, liiki'a the form of leatlng na'lia for llie 
pri'aeiiee of Mirloim hiiIwIiiihvm Ii> emiiiiliiliig Ihelr ea- 
laielly for iidiiillllng the luiHaage of electrical wavi'a. 
I'rnetleal liiveNtlgiitloiia of aidialaiH-eH wbleli are <i|Wi|iie 
to aiieli winea tore and will aoliilloua) were made by 
Hr. IJiHj mid uijwdf In Hie atiile lulia- of KoiineniHTg. 
near liiwlnr, and a Ian hy Dr. lalny at Si-hnriey. Theae 
conllrnnal the fni't that giaal l■olnhlelorH of an eUa’Irleiil 
eiirn-nl are ii|ini|iio to eleelrliiil wiiveM. A fiilr agree- 
nieiit hIIIi the tinair.i, I. e.. iiliaenco of niiirkial alawrii- 
tlon. HUH yleldial hy the rocka orctirrliig In laitaali 
niliii-a: ilr., Iiirlons nhIIs, niih.vdrile, elay. etc. Nii- 
ineroiiH liMiwtJgiiiliiiia In a Inrgi- iiumlaT of iiilnea 
loiiwal tlial there inidd la- no doiilit niHinC lln- Irank- 
inireney to eleetiie which of the ria'k fonntiig uiluernlH 

llune HiilmliiiircH an- dry. 

h Krflerllim Method. 

The lelh-eling imu'er for Ilght-wiireH of a gnail liiim- 
iH-r of HiilwIiiiii'eH N iiH inviiriitely kiiiiwii un their vaiioua 
ilegriv'H of (ninsiHin'iicj. Ainiiiig the e.grelleiit ndhe 
lorn of e1i<elrleiil miieN ne Hnil, again, the HillMlHiteeH 
that an' eoinlacllve to an eleetiieal enrrent, via., met- 
iiIh, oren. Halt hoIuHoiih. nnd water. With amiderH and 
riTi'lviTH of electrical wavi'a whhdi liave their antenna' 
ho arniiigeil n» to aend or riH-elvi- only In a H'leded 
illn'i'lloti It IH poeallile, therefore, to Innile thc«‘ eoii- 
diielliig hull'd HiiceN throiigli liilerreiiliig material that 1 h 
iriiiiHiHii'enl lo wiivea. merely hy ehanalng Iho direction 
of the iiiileinin'. P'roiii Hie iinglcH hetween the antenna* 
o^'the '•ending nnd n'eelilng Innl rumenla, reHiiertlTeJy, 
‘ ■I'niiiKliil.'il .. yrilmhilH ,lrt rirrlart detturlirr Ingr- 



By Dr. Gotthelf Leimbach 

iiiHl the gniiiud when tha lulviialty of that ilguala re- 
cclrud la grenltwl, the depth uf the nillacUug layer (ora 
or water) can be compotad. Practkal InrMtlgatlona at 
the Hwimmitig hall In OlHtliigen, and alio at Bandnf- 
hanaen and Scharley, have proved the atrong rafleetlDg 
power of water and ora. 

c. /tUer/areMce Method. 

In many caani, o. g.. In datermtniug the location of a 
waterbearing amm In the Interior of a mine. It li lin- 
IKimlblo to mm long anteniur, movable at will Snefa a 
aeaiu may, however, be located with aUtianary sender 
and receiver If tho wave-length of the ayatem la ao 
fh'wii that tlie waves running direetly from the aender 
to the receiver are ncntrallxMl by those reflected from 
the conducllve suliotancc. ThI* will happen when the 
tmlh of llie reflected waves In longer by 1%. ‘Jtk. 
etc., wave-lengths than that of the direct waves. Tho 
two IraiiiH of waves have a different direction of oscU- 
liiHoii, and opposite phnse: their effect upon the re- 
is'lver will ho all In case they have equal energy. On 
Hie other hand. If the difference between the length of 
piilh amouiilH to one or a iinmhor of whole wave- 
leiigtliH, the wev(M will then In* of the Name phaae nuil 
their effert uiwii the receiver will lie lelufotcmL Aa 
wc are aide lo vary nt will the wave-length of a aender 
nnd a receiver, we ciin aareiTnln by this method, aa by 
the olbers, the preHeiH'c uml the depth or distance of a 
romlndlve reflecting seam. Kaperimeiita of this aort on 

II Mmnll Hcale wen* made by the writer many yean ago 

III cniiiieelbm with Invcstlgntlona of Jinlte a dlflerenl 
clmracter, vlx., tin* study of moist aolla, at the geophya- 
Unl liiKtUtttc of amtingen Vulvoralty. 

<f, “Qearter-iraw-kntglh.’’ proceie. 

lu Ibe raetliml above outlined both a aciHlIiig and a 
nss'lvlng system lire used About a ,venr ago It oc- 
iurnsl lo me lo HM-erlalii wbi*llier the wave emitted by 
Hie M'lider and returning thereto after falling vertically 
iilNiii II rcflectligt surfaiv would not affect the oscllla- 
tloiiH Ilf Hie •s>nder In h luunner aimbiguuM to what oc¬ 
curs In Ihe iiilerfen>nc«> Uiethod, A melhnd depending 
msiii this prInelpU* would tinvo the advantage of great 
sliiiiiilclly. us eoiiitinnNl wllti the Interference method, 
lii'i'HUHc It would elluilnnle the arcond recelvlDg ayalem. 
Ill the lalsiratory of Hie “Krforsehniig das Kniliincni 
<i ni. b. H." (“8nbterranean liivestlgallon Donipany, 
Md.") at (itilttnKi*n, experlmeiils on a small acnlo gave 
Hic Niiriirtsliig result that refleetliig surfaces coold be 
Iik'AIikI the length of which was less than that of the 
niilemin nnd the breadth only one hniidredth Iho length 
of Hie niiteiina, or less. Tills methml Is, therefore, ex- 
Ireniely sensitive. As Hie sender shows partlcnlsrly 
cliiinictcrlstle effects for differences of a quarter of a 
vvnvi*-lenMth or nmltlplea thereof, this procesa has been 
cnileil Ihe “iinarter-wave-length” method. From the 
iHisllloii of the eharnclerlsHe maxima and minima of 
Ilic effect of the reflected waves In relnHon U) the wave¬ 
length Ihe tleiHh of the rcfleetiiig hiyer may be very 
iKs'iirntely ileteniiiiied. Thla method Is appropriate for 
w-ektiig on* or woler from Ihe earth's anrfhee In all 
(-nHes nlieei' the iiitervenlttg strata do not wholly absorb 
Hie WHICH. An expedition sent on! by the eomiwny 
above nieiilloned. under the anaplees of the Imperial 
f'liloiilsl Ollkvp nnd other Intereslevl iwrllrs, la now en- 
gagiil III pmspecttiig by this melhiNl In Honlhwest 
Africa. 

II. invroiTiasTioN nr UBAna or aucoraicAL 
oarnx.ATioNa. 

The following methods work with s single sy'Ktem of 
iipparaluH and depend upon the Inflneiicr exerted on the 
upfiaralns by lls Imniedlate envlnnimeuL The qnarter- 
H-Bvo-length metlKNl therefore forma a cimnreting link 
Mween the molhoda In which the eonrae of electrical 
v.-aves Is f<itlowed between Iwtt stathiiia nnd tboiw which 
Involve nlMervatlona of Hie Influence exerted by Ihe en- 
ilniiinienl npuii the naelllntioiis of a single ayatem. 

0. Ctipoetty and Dampinti Method. 

The wave-length. X, of an oaclllatlng ayatem, e. g., of 
nil nnteniiB, la determined by the latter’a (elf-lndoe- 
tlon, L, and capacity, C, according to the relaHon 
X The nirrnondlnga of Ihe onlenim hare no 

IrlliieiH'e on Ihe self-tndiictioii. which therefore need not 
U* eonsidemi further. On the other band, the capacity 
of an antenna la atrengly affected whei; the linen of 
force rnonliig from the poaUIre to the nigaUve end iff 
the iinleniiH |siks ihrongh anme wedlnin vither than air. 
Kai-h nubstance pnaHraara tte own dtpliwirlc cmistant-- 
n nnmher analngnua to apedfle grtvIty-whMi dunra 
how many timea the capMlIy iff gn dectrical VffIgB to 
lucteMcd when opoatliig In Dm la 


liwtead of in air, the dielectric eonatant of whkh to 
unity. 

The nie of thto principle of vuioofl dldeetita con* 
■tanto In dlflerant anhatawM aeemn qolte paittaiant 
whan we leem that vmtor tout a eanatant of 81. whlto 
moot rocka have co n atan to varying between 4 and IS. 
We may therefore aawime that the preaonee of a vratat- 
hsarlag seam will make ilaeU felt tbraagh an Inetaaae 
lu the capacity of tho antenna, even at eomaiderttiia dtas 
Uneea. That evon the aUiAteat dlflecanew la the 
dielectric eonatanto of varlotu rocka ooeDrrlng In potaah 
mluea came dlfferimeea In the capacity of oadllatiug 
systema haa been detormlned through the detailed Invaa- 
tlgatlimi of Dr. Brich Mayer and myaelt 
A great advantage of this method oonatota In the tact 
that anhstancea having different dldectile comtanti 
affect not only the wave-length but alao the damping of 
the oeclllatloiis In different degraeo. In conductive mb- 
stancM energy Is nsed up In the production of vortloal 
correntn, and to theae subaUmea belong, aa we have 
said, water and salt solnUona. Nuu-cundnctlve enb- 
HtouccH Ilf high dielectric cxwatanl virtually affect only 
the capacity of tho system. Hence, this method should 
permit not only the discovery of the preimice of mb- 
Btanees of different dielectric constant, bet also at 
least a qaalltaUve IdcnUflcalhm. Tbm we have tha 
hosls of a method whlidi can be applied. Unit of all. In 
udnIiMC and shaft-eluklng, to the task of determining 
whnthrr there to danger of an IrrnpUon of water or 
salt aoIntiMia 

b, KaamiHOtion of froeen Bhafte. 

Water-bearing and nnatable aoUi ore now, with In¬ 
creasing success, froien In counecUoit wlflb ahnft-alnk- 
Ing, In order to produce a ryllnder of rcalatant matsitol 
within which the sinking of the shaft can proceed with¬ 
out danger. That this operation has not always been 
snccemful Is dne to the fact that It has hitherto been 
difficult to determine whether the frnxen layer was nif- 
nriofltly solid at all points. The efforts to remedy this 
difficulty have been limited practically to the conutrnc- 
tlon Ilf more or less trustworthy wmmllnn-devlcra for 
testing thH behsvlor of the varlom fraeffng-plpan. From 
the bi'liavlor of any two successtre pipes, and with the 
aid of the data dednesd from past oxperhwee. It Is 
decided whether the amount of euM applied la anflleleat 
to freexG the section of ground between Ihe pipes, or 
whether a suiqilemeulary treexlJW-|die ought to ho In- 
Btulled between them. Moreover, In order to freeae with 
tolerable cpilaliity any strata ccwtalnlng salt solntloiiM, 
which have led to many breaks and aeddenta, very 
low temiieretnrei are used. In spite of all tanprove- 
ments, the fact remalnn that tbm has heretofore bean 
DO means of promptly detecUiig the presence of dto- 
tiirbing factors within the earth. Hera again the aid 
uf electrICNl osrlllaHnna may be Invoked. Untroaeii 
watcr-Nniing or solntlon-bearlng aeams lose their elec¬ 
trical eoiiductlrity In proportion as the water they con¬ 
tain Is ebauged to Ice. Henoai the Iron traoilng-tnbes 
must Iw used ns antenun and made to give rtoe to elee- 
trieal fiacllhitiuna, which will be effected hy the toune- 
dtate environment in the same manner as In the capao- 
Ity method. Kxperimenta on a small scale oonlbiaad 
tho ntillty of thin procsos; Ice wu Ibnnd to be ttani- 
pnroDl to electrloH waves. The oondnctlvlty of water 
containing a smaU admixture of aalto was Mdnoed to 
siwnt orWiwI value hy cooling from room 

temperatnns to 10 degrees below am CenUgradsi 

Meanwhile H temaliied to bo dotermlnod whether 
tbera asouiaptlimB would be at perfacUy reallnd In an 
actual ahaft-Ouaalng operation, with Ita Mv^ppe of 
froBon Mil. as In cxperimeiitB on a mnaU aeala. Wa 
bad no dUDcnlty In tranotorrlng unr labmloky expral- 
meuto to tho ptaettoal eondltlona of swib an nadertak- 
Ing. , My eoltobontor, Dr. Mkyer, and myself wore able 
udthlB a tow mlnetea to exelta tsKmatioiiB ot a ptuvl-' 
onaly detormlned wavo-langth in any treetonrtnba we 
happeued to aetoet. U an limtoUatton batwaan MsUay 
and Bamtaa when tba naaenaiy fluUUton wwo kindly 
placed at onr dlaponl by the Tlefban- und gaM«si»*gf - 
trle A.-a." of Nordhanoen (fonMtly (Mtoardt * Kae- 
nlg)-. Tha tost praUmlnaty oamUtton of Oa pnpoaad 
method waa ttum toldlled; the trwni anvalcpc ot fhh 
abaft gave aa effect oaactly an aitoffaua to that ptOdueed 
under grtilletol coadlUona la tin tahccatoiy. 


hy UM -Ttoabitoa at 

Mtedhauaeto. 
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Ut ttM ftowt wan ^ the ibaft w fu ai to diaeoT«, 
at tbf oataot, Oie pw ao au i i o( an anbrokon layer near 
tba nHaoa wbkdi Untered tlie peneradon of tbe •lee< 
trloal waTw to tba lower wad of tba freaalnc-tnbea 
IbU layer, acoordlni to onr meanreawnta, lay at a 
depth of barely 3 mataia. SubaeiiMnt Inreatlgatlon 
■bowad that a thin layer of tbe frceiliirmlature lay 
opon tba oament block In which the drlre-plpea were 
lm *ap«d, and tbla had uot froaen. 

Hod not the ahaft been, for the moiit part, already 
lined with Iron, we ihonld have bem able to apply rae- 
^H f fftiiiy here a method which we bare applied, with 
good roanlta. In a Honorerlau potooh mine, where we 
had to work throogb a much more atroogly cundnctlTe 
layer than the one abore mentioned. However, both 
bore and alao a few weelu later In a ahaft-froealng In- 
etallatkm kindly placed at onr dlepciMal at Heerlen, Hol¬ 
land, by tha “Dentacber Kalner” Ulnlng Company, we 
bad to cootont onmelvea with tbe poeltlve reenlt of 
havlBd been able to detoct not only tba prenence but 
alao tha depth of an untroiea aeam, which lay even 
deeper at Heerlen than In the caao Jnet referred to. 

Beeocntalng the fact that we must, tor the fnlure, 
gmiatBUy expect racii layem of dlatiirlMnoe near the 
eorth'i aarfBce, and a mure or leiw exlenitlve Iron lining 
In the abaft, I endeavored to dcvlae enother methiNl In 
which the InveatJgation of tho treesing wall of the ebaft 
would be enlltely unaffected by such obatacloa The 
ample eqnlpnwnt of onr physical laboratory greatly 
facilitated tbla onilertaklng. Setting nut from certain 
very definite experlmeuUI condltlona, my colleagueo, 
Dro. lloyer and KrOncko, and myself succeeded In ex- 
dtlng electrical oadllatloai In two bare wires bniied In 
wet earth—roprao c ntlnK a froeilng-tabe system on a 
small ocala—and In determining tbe constants which 
furnish Informathm an to the separation of the tnboa 
and the lucBUiin of unfroxen places In the froaen wall. 
After experimenting under a variety of condltloua wo 


came to the condnalon that tbe presence of a conduc¬ 
tive Inyer under the alU of the seperstracture, due to 
the often pnctlcilly nnavoidable spilling of the freea- 
Ing sointlon In tilling the tubes, and also the exlsteiice 
of au Inm lining (“tubbing”) hi however advanced n 
alngn of cunstructloii, neod uot interfere with ibu ex¬ 
amination of the froaen earth; Indeed, lbs Iron lining 
can be turned to good advantage In counrcUun with Ibis 
procees. 

0. /ttvesMpalfona in CoHurcHon icUh the CcmcniaUoH 

The use In shafl-Hlnkbig of tlie ceineiitatiuii pnstws. 
Ill which crevasaca In the wall of the shaft arc closul 
liy forcing cement into them, hna steadily gained ad' 

llonably this process has Its advanbigcs In many cases, 
HspecUlly when wster needs to be kept out In compara¬ 
tively snisll areas at great depths. While In the freex- 
ing process It Is possible to form a tolerable Idea, 
tlirougb varlona modes of observation, of the aucceoafnl 
progreoi of the work. In Ihe eementutlmi iinx'Ow tbe 
inenauremont of tbe water flowing Into the drlll-boles, 
or of the amount of eemeul fortvtl out by lb« water, 
furntahOB the only metlUHl of ll•HlillK Hie willdinealloii 
Ilf tho dangerous crovasseal strutn. Tbe slnaig outwanl 
resomblance of the cenieninllun t« the freexliig iimeess 
list me to eniislder the appHeablllty to the former of tbe 
el(>cCrleaI method of testing for water. The melhisl 
used in Ihe freexiiig prms>HH eonid not be iippIIihI »Ith- 
out mndlfkiatloii, since in Ibis ruse it was not a ques- 
I lull of luanlatliig tbo drill-holes from waler licHriiig 
seams. However, iirellmliino' experiments at (KIttliigeii 
and aim In an actnal shaft where cemeiitutlou waa In 
progress showed that the wavos from a highly Imliileil 
Hiiteiilin can poiictrate so deep In the earth Ibnl from 
tlie reaction of the earth ii|ion the antenna It Is possllile 
to gain a knowledge of ihe presence of wilier In erev- 
KNHod strata. An advanlago offered b) the eleol rival 


test conalsta in tbe fact that tbe antenua Is not essen¬ 
tially affected by thin newly-formed layers which 
lUmlnUh Ihe flow of water, take up llttlo cement, uiid 
thus give a decellful elTeet of solldlly, but which, with 
further sinking uf the shaft, do not olTer Hiillleluiit 
resisluiiee lu the pressure, and thus may ruin the shaft. 
No long os Ihe water Is iioi effectually held back by tbe 
iviueiit, su as to furnish the condiUona necessary for 
forming a remnut wnll stroug enough to withstand Hio 
very heavy pressures lo which It may, under some Hr- 
ennistances, he siihjeetisl, the danger of a hreak may 
HlllI he deleclisl by our Inslninieiils, even lu can's 
where the ulmiwt eompletc cessation of flow would, ur- 
cordlug to previous cxisyrtenco, apisirently Jnstlfy the 
further sinking of the shuft. 

The foregoing reinurks will. It Is ho[ie<l, help lo give 
the reniler some Ideti of Ihe prliiHples underlying the 
tnrious melhwls of liLi(>stlgu(lng Ihe Interior of the 
earth by means of electrical waves and osclllatloiiH, and 
to Btiuinlatc his iuteresl In the iirnellenl results thus 
fur altniued. These results will hr dlsensHed In another 

I In addition to the nrtlelc in Kail meiitliMind nlsive, 
several ui-eoniils of the melhrsts of InvesIlKnllon de- 
NcrilHst In the foregoing memoir have Iss'ii piilillsliisl liy 
Hr. Ta'linlsirh nud his eolIalsimtnrH In Herman mid Ans- 
Irlnn Helentlfli' Jouniiils. the mori' lm|iorliiiit Is-liig; 

II. liflwy and H r.elnihach, “Rine Eleklnslyiiumlsehe 
Methode xur Erforsebiiiig des pltdliiiiern (Krslc Mlt- 
lelluiig)." PAf/slAn/lsike XcUmhrtft, 11, ItllO, p. dPT ffg. 
/bid. (Zwolle MIttelluug), OoKlerrcichitrliK Zrltuchilft 
lur fliirp- Slid HiiHenirfiieii, OH. 11112, p. 027 ffg. and p. 
1140 ffg. 

II. I.,6wy, “AyslemaHNi'Jie KrtursHiiiiig des Erdlimcru 
iiilUels eleklrlseher Wcllen," r.iMwhHH Ur pnktiioMn 
f/foloffif. HI. 11111, p. 207 ffg.-Kdltor of fh-iKiiTini 


German System and Method 

The Effect of the War on Her Industries 


Tki algulflcuiKv Ilf the two wonis "system" and 
“method," aiKi of all that these wonts eoiiuoie, has been 
(iHnaiistrated to the fall In the present wsr by the Qer- 
mans, who, with mneh pride and saMsfarHon, rnoka 
tiinomerablo references to them In Ihe prew. In public 
mmUngs, and In privato ronvenatlou. Wc all know 
that Oormany, in every concelmblo field, has carried 
her priimiplo of systematlalug lo a length mid degree of 
lierfoctlon unapproncbeil and, perhaps, oven hardly ot- 
tempted In other countrleo, and however dlfllnilt her 
IKsdUou may ho at the presenl day and In Hie future. 
It would have haen Infinitely worse had ahe not had her 
system of systems to fkll back upon. Its Immense ma¬ 
chinery vms at once put In nctlon, and tbe Hermans 
claim for It that, when pnt to the trcmeniloiis test set 
|r by the war. It has dons all Ibat could isiwdbly have 
iKien oxpoctod from It 

.\t the recent general meeting of the Allgsmeliic Klck- 
tricltnls Oeaellgchaft n statement was made thal "Iho 
first task for the Oerman Industry, which through the 
war bad expoiienoed an iinpracedentcd “narpowlug In,’ 
was that of standing on Itn lega. To do this, n trnns- 
formatlmi of tbe entlra Industry was to some extent 
necMBSiy. Althoogh It certainly was by no means a 
simple matter for n country with many ImportN sud¬ 
denly to get subatitutca, the neecnsary truiiaformaHon 
OP alteration within tbe whole Industry has been eum- 
pleted with admirable sose." Commenting upon these 
remnika, a writer In a RerUn Journal rays this only con- 
flrma what evory day and every hour they see and bear 
and raad. (Hiero la hardly an Industrial report which 
does not brar out that, after ihe.shock, work Ims been 
reaumed with «), 110, or 70 per cimt of tho nsnal staff, 
and that part of the work, directly or Indirectly, baa 
been devoted lo war pnipoaen. A factory for Incandes¬ 
cent lamps all at once took up the manufartnra of enrt- 
rldgan; maoblne works made ‘Hlallasch-caniions"; a 
makar of arOflclal flowers went In tor brend-hngs. a 
bUoatarln CMUarn tar knapsacks; a hotel kltrbcii was 
tuned Into a Jam faotor- It only took a couple of 
waaka, and the iiirrnrarr plant waa avalUble. Hands 
vara tnlned, and enarieUc merehanta looked to the 
supply iff raw mateciala, or where the usual ones were 
WtolitalBaUe, of miliittb^ aM to mMna to bring pro- 
4*qar aad buytr In eoMact, Oough often fay n round- 
Itntt Wt7' The atratna haa werfead admirably, and at 
a tWa when people wen ooaveUed to work vritb the 
h^ngat ppwffwy it haa manated to can forth from the 
4ariMlthhdMr»ewnte0rnennw matorlala, to aecnro 
(ht^.waai^.ina waaiad, dud that no pomlUy accee- 
The tact 


that a number of earnest and BnaiiHnlly slrong business 
men ware cvimpolleil to apply themm'lves to opiMirtun 
tsHc dealings has also helissl lo migmeni the exoep- 
tiouel work done In this connection. 

In examining Into the n>tisniiH wiiy Herman IndiiHlry 
baa escaped being brought lo a ataiidstlll by Hie ntir In 
nearly every one of Its more Importunt sei'lluns and. 
after a short reorgsnlxatliHi and with isirtly iiller<<<l «h 
JsHs In view, has worked on wllb uii liiiiNisIng cerinliily 
and without any mioiilHoii of iiervoiiHiiess, It U'cmnes 
clear that the most |Mib>iil factor Is that Hie Henniin 
army qnlckty sneceedeil In carrying ibe war Into for¬ 
eign conntriCB, In addition lo this, the liidiislrtnl and 
flnanclal autborlUes snccecdcd, by wise meiisnn's, In 
estnblhihlng confidence In the iiower of resistniii'C of the 
Hennan Industrial organization, which. In Its Inrii, 
rcHted upon tho Hormnii nillltnry snceeases. The nHiis's 
of the uniform continuity In Hennnn Indnstrlnl growth, 
however, in the last liialancc are to la- found In Hie fact 
that Herman dcvelopnieiit, more than IIihI of any other 
covintry, has grown systematically, and shows no gn|is 
of any moment In the manufacturing proreswa Willi 
regard lo certain raw materiala which the Herman soli 
does not produce, or. In any case, not In snfllHerit ipiaii- 
HHes, Germany will also In the future have to i 1 h|s<iii 1 
nimii foreign countries, even If tbo efforts of Its seli'ii- 
tlllcally working Industry nre aysliuiuiHcn1l.v centered 
upon replacing nrtiflelally Ihe natural raw materials 
which Germany lacks. In this wnneiihni iiihiHoii In 
made of the snccessfnl attempts at prndra-liig nrtllliini 
nttrogenouB mannre Instead of Chile nitrates. hI prodiie- 
Ing home-manufactured benxol In place of foreign Is'ii- 
xlne, and of tbe not yot quite successful nttempls iit 
lirodaclng artlflclal leather and rnbher. 

nun more Important than Ihe raw-nmterliil iinesHon 
for tho roslntanance of the eollectlvo German luihislry 
under the present conditions In the flact Hut no Indis¬ 
pensable fcitermedtote link la mlaslng In the large ppoc- 
isMS of production. Germany producee herself all her 
balf-flnlsbed gooda, and ah# utillics tho reslilnary prod- 
ueta of her Industrial processes for the maiinfacture of 
valuable auxiliary commodities with such flnanctal re- 
anlta that no other Indnstrial nation In the world even 
approachea her In this renpeet Wbnt theee auxiliary 
products mean to Germany at present Is more es|ieelnlly 
demonstrated by enlpbate of ammonia ami henunl. Hnw 
muota the want of Important links In prodncHnn ran 
harm a countiy in her Industrial processes Is demon¬ 
strated In Bngland, when* the inadequate development 
of Buny auxiliary and vital InduntrlM hna almoot crip¬ 
pled eoma of the country's chIsC lines of manufacture. 
Una, the gto ro agn of tha German dyestuff Import, 


nhlHi, III moiie,i, .ml) n>pr.»«>iits iilHiiit ii iiillll.ui sier 
lli.g, Ilireiili'iiN Mil' Kngllsli li'vtile InihiNtr), the Kngllsh 
ivall-imper liiilustr), iiml miiiiy i.lher liranHivs, with a 
turn-over of many mllllona. In the siiuie way the nts 
oeiK'e of cheap (Jrrmiiii half-nDlHho.1 goods has ileprl'-isl 
Mip Kiigllsh Iren ImlUHlry of nn Imimrlnnl liilcnncillale 
link. Knrther, the Hloiqugo of minlug HinU'r has 
gravely Ineniivi'iilem'i'il llio oollli'rli's 

lni1UNtrlalI.v, Hie long ostiibllHlii'd iiiid groulng KrlHsh 
|irlnc1|i1o of prmliichig oiitU'i'lv DiiInIusI gissls, and Im- 
|H>rllng the raw and liilerini'dhile pnaliiela of great 
IndiiHlrles, has praved Inferior lo Hie liorman nielhod In 
Hull' of war. ThU luHor alms at n roniplotc organlzn 
Hon of Hii I'lillre niHiiiirnetiiring proeess In eumprehen- 
slve works, vvhlvli, w'lHiralel.v nr together, cover Ihe 
I'lillre series of iiiieniHoiiH iipi'ded. The Iniliisirlal ex- 
liuiislnii of (ii'rmniiy. iiltlinngh It Is luui’li vouiigor llinii 
that of Kiighiiid, Inis Is'eii Inld out on more s.vstonmlle 
lines, anil In sin li ii nay iis lo render Hie I'lUinlry more 
liMb'iM'iidi'iit of fiirelgii iild. I’lnli'r llii' illllleiill iiinl 
strenuons riiiidlMoiiH of war II bus deiiiniisiniled Hie 
extreme mine of system hihI iiiuHnsl. and the ndviin 
luges which lliey eonrer on u iiiillnii when It Is pul off 
from Ihe Inmls froiii wlileli li ilrnws iis raw inntorinis. 

The (lOTemmenl to OrUrjr Hmepieccfl 

Tiir test and eprllfleiilinn of walelu'o. rlirenonietors. 
and other llmepli'ces hiis hei'n eiirrled on for many )enrs 
lit Ihe Kevv Olwi'rvHtory In Knginnd, nt the llesaiH-i.n 
niHs.rvnlory In Kranee, iind at Hie obsorvalorles of 
Geneva and Neiiehnlel In Swilxerland, but nn sneb tests 
have ht'i'ii made for tbe piiblle In this emnilry. exoepl 
for R fi'w ypora iit Yale fnlverslty many yimrs ago 
Tills line of work Is now started at Iho Tliirenii of 
Standards, ami I'lrenlar Xn. hi, eiiHHist "Mi'asnn'moiit 
of Time and Tests of Tliiii'iileei'H,” has Just been Issinsl 
giving the n<gulMllons iiinler whleh Hie tests will Is- 
made, the melhoitH emplnypil, togelher with seetlons on 
the use and care of watehes, and on standard lime ami 
Hip minrces of reliable time stnnilnnls with whleh one 
may nuke frequent comparisons of his watcli This 
first Fitltlon of Ihe clrcnlnr annoaiioes Hie n'giiliiHnns 
for the test and ccrHflcatlon nt vvntehes only; ihe test 
of igher tlmeplocea will he taken np later. It Is ex- 
lipotL'iI Hint Ihe tests will he esis'clnlly valunlile In eust's 
where waleliPH are to be used for sclentldc pnrpnses 
nr exploration, and also to piirchnsers of high grade 
wati-hes In giving them nssiirnnee Hint the vvnteh Is reii 
Honnbly adjustnl ami In goud I'ondltinii nt Hie lime of 
the test. Copies of the circular and nisi) of Ihe npiill- 
cnHiai liluiik iiiiiy Im olilntncsl uiuii nsinest fnsn Hie 
liiireau of HtaDdanls, 'Wushhigton, D. 0. 
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The Hydraulic Mining Cartridge' 

A Mechanical Device for Use Where Explosives Are Impossible 

By James Tonge, F.G.S. 


Tiik (lifTti-ulty iir rtunuving rook and other material, 
in pinova wlioni l.lie elioak attendant upon blaetiiig upera- 
tuinn would Imi ilamaging and dangoroiu In •iirroandiiic 
Htrala or riiuiiilalioiiH, is one which haa not hithorto boon 
llioroiiKlily overc'orae. 

Tim enornuiUH initial power Kenerated by the eudden 
duMiinptHiltioii of oxplotilvo lubetaneea haa onalilod sreat 
qiiniitilicH of nnturil or artiflnlal beda to bo diaplaned, 
and a loval portion of the work of the civil and mo- 
etumiiial nneinoor la involved either diroctly or Indlrently 
in opvntiona of Lida kind. The objection to the uae of 
oxplimivna, howevi>r, in many oircumatanooa, la that the 
elfuet of blaaliiiK I'ati aoldnm Iw harnaeHod or nontmlind 
Ro UK to pmveiil till' diaintegiatioii of the material be¬ 
yond tho aroa which it ia deaimd to diilodfc. In the caao 
of iiuiny motalliferoiiH minea, and aomotimna of quarriea, 
thia ia not a ereat drawback aa it may nut only bo uniiecea- 
aary to limit the opi>ratiuii of the ‘'ahot,” lint it may be 
actually duairud In have the niaturial in a pulveriied 
condition. Kvcii in thia nawi, however, it ahould ho 
romoffllwieil that thia ia nut an emnomioal meana of 



Fit. 1—Operating the hydraulic cartridge In a 
coal minfc 


obtaining annh a reault, fur pulvoiitaliun by exploaiYua 
invulvca enonnolia waale of power al it uaually repreaonta 
great exiaiaa of exploaive charge; in other words, the uae 
Ilf exploalvMM must involve either the risk of aecidonl 
through an inaiifllent nliatge or the productlim of mia- 
npplieil unurgy. 

It is for the piiriMiae of avoiding Ihecv drawhaeka and 
in onler iwiMadaily to lako gn«ter advantage of natural 
linra of cloavago or of laalding in tlio iiial><rlal to be dia- 
lodgiHl that olforta have from lime to time liuen mado to 
pravido what iimy lie termed more rational or wiientlflo 
meuna in the ahajie of meehaaical aulwlilntoa for blasting. 

The ainiplcal form of morhanieal miwna for bmaldng 
gruiiiid ia, of eoiimc, llio wedge, and thia ia uavd In vary¬ 
ing limgtha and ahaiioa, in nictallifeniua and in uual min , 
iog, in all lavrta of the world Various impruvementa 
on the aiinple wedge liave lioeii uaOil at varioue timea, 
via., the a^ub and feather and the niiiltiplo wodgn. The 
former onnaiats of a aleel "atnti" or wodgn driven in be- 
Iwoon two tapered linera of ateel nailed "feather*" which 
hnvo their thin end near llm front of the hole, Tho 
inniliple wedge ia plaeed in a hole previoualy drillod and 
haa linera nlaii, hut a jnir of “featiiiira’’ may lie inserted 
biitwiaiii tliiMii, driven up aa far aa imaailile, and then a 
H<y><iiid or a tliinl ‘‘fmlhcr" may bo used until the rook 
or uoal ia Imiken down. In ooal miuea, apeuisl efforts 
have bei'n made to dnviae mivihaDioal wedges capable 
of breaking down coal, iintably those invented by Bidder, 
Bumott, Shreeve and Hall, and these have been used to 
a grealer or leas extent in a tew mines. In some of these 
the wedge was ilrivon in by meana of a screw and handle, 
like a hand drilling macliine, and in one ease by hydraulic 
imwvr. 

Thiwi mnehiui'H are not now in use and it may be taken 
tlmt they have proved to Im inipraetleable. This is no 
doiilit due to the great prmsure put upon them, even 
under ravomble condiUona, and the dlfflimlty of devlaing 
and supplying a hydraulic pump capable of working at 
high pnwuire for a eonaiderable time. It muat also be 
rememiHTed that u meeluininai wedgu muat perform 
more work tliaii thut required to moat the rook or ooal 
from Its position, aa a certain amount of power li eon- 
Humod in uvereoming tkufriotion of the aidoaof the wedge 
HU it is driven up. IgMs, it ia a disadvantage to have 
the material nt tlio (itoitt of the hole breaking away aa 
tha w«d^ enters -the full weight of the falling material 
should, if poaailde, lie iitillxed Ui aaaiat the operaBon. 
With this object In view, maehlnes have been dtiigned 
* Krura Uw Journal at iba UiMlah Uodcty at Cn^naana 


to operate at tha baek of the hole firat, the wedge being 
drawn faiwards and not driven from tte front. Except 
in the ease of the aimpler ftami It may he mM that no 
meohanloal wedges are now being uaed with auooem for 
exeavating puipoMa of any kind. 

Tkt //ydrauUc Jltalng Corfrii^—The hydraoUe min¬ 
ing cartridge dlflen from ^1 other mechanical snbitilulat 
for blaaring. It ia not worked on the prinetple of the 
wodge, and oonaeqaanUy the power expended in fonlng 
a wedge Into the hole la Mvad. InatMd of empkyjng 



Fig. l.-fleetlonaI etevattoa of Ike hydranllc 
Bilning cartridge. 

a wedge, the disrupting ^eet ia obtained by means of a 
number of small rams or praaaea working at right angles 
(rum a strong eylinder of ateri. (F^. 1.) In order to 
make these rams ouno effective in their openBon, by 
obtaining a greater travel from their origimd poalliun, 
they are made of a duplex or tdeacoplo form, one part 
sliding and fitting upon the other (Fig. 3). In some 
eartridgee these pistons operate from eaoh side of the 
cylinder alternately, thus greatly Inoreasing the travel. 
To retain the rams In position, a sliding plate is used 
fitting in grooves in the barrel (hllg. 1); this is so formed 
and eeoured that it Is petfeotly rigid and firm when the 
maohlne is In operation, but is readily Temovable if It 
is desired to detach or replace any of the lams. By a 
suitable anmngement of pasMges (« Fig. 1) a oommnnl- 
cation ia made between oaob the rams, wheruby slmul- 
tanaous action la obtaioed. Maehinea are made of 
varioua diameten, via., 2}i inohea, 3>4 Inehea, and t 
imihea, and of various lengths, my with 8,6 or 5 rams, the 
■malls diameters having the laifer number of rams. 
PrcMures of 3, 4, or 0 tons per square iodi are usual, 
so that maohlnes are made to withstand great stresses. 

Tha Pusip.—The eartridge Is opentsd by means of a 
pump (Hg. 1) to which It ia dheotiy eonneeted by a pipe 
(d). The pump ia of sperial design. At the nrunmcoce- 
ment of the supply <ri water It Is dadnUe that the 
latter should be supplied in such quantitiei aa to fiU np 
quleldy all the apaoei within the lama and paaaagw, 
while at the same ttma alhowing the opmator, whan tha 
lami begin to move and the iiiessuwi to innrseai, to 
supply a lea quantity of water, bat at a greater pwa ui u, 
to oompleto tha final operatloBa of the laos, TUs k 


dons by having the plelon (a) operated by the jriittm 
rod (/) which paeeet throu^ a mpplamentary w hollaw 
rod (r) and has an appropriate handle for opentinf the 
piston witbbn the pump oyUoder. By these meani the 
pditon mey be quiekly redproealed by the user movinc 
the smell handle until the deatied quantity of water haa 
been snpidied or until the pressure to be exerted over the 
rod (0 is beyond the power of the usct, when the mp- 
plementary rod (g) may be brought into use to flnlch tte 
operation, this advanoing by serew motion, and great 
pressure bring obtainable in this way. 

Method qf Workinj .—After the roek or eoel baa been 
prepared with one or more looce sides and the drill hole 
of 3 inebee, 3H inebee, or AH Inohea, bes been drilled 
to a snitaUe d^th (say three or more feet), tho eertridge 
is pushed to with linera It naoessary. The water tank is 
fllU and hung on the pipe, the rubber snotion pipe 
coupled, and the tape tur^. The imall handle and 
than the large ono are operated u already deiorlbed. 
The preaunre being fully on, the enormous power of the ap¬ 
pend iBBOon apparent, tor the roek or ooal ia heard to 



Fig. 4.—Effect of hydraulic cartridge ou roek In 


be rumbling and ctaoklng. This is allowed to oontinuo 
until the breaks are of such a sise that the mass can be 
pushed or pulled over and uaually ie In such condition 
OS to be oaally and aafriy handled. 

Um tf r*iWanre.~lt is esay to understand that 
whon a ahot is fired in rook or ofincrete, the direetioD of 
the breakago will be chiefly In tho line of the weakest 
part. If the material is of uniform strongth this direetiun 
would be a straight line from the oxploriva to the nearest 
unsupported edge. But slratlflod beds, seams of ooal, 
and walls of stone or brick, are not usually of uniform 
strength; rook and ooal beda contain breaks, eleats, and 
faces, while concrete bods are Invariably Irregular to 
oonstitatioii or structure. It follows, thnefiire, that the 
line of least reristanoe is not nceeasarily the shortest lino 
from the charge to the sorfece. Tho difficulty and dan¬ 
ger of explosive firing is that whatever this line may he. 

It is not often poeelble to make use of It; the preesuro 
generated, though not equally effective, Is equally ap¬ 
plied to all dliootlons owing to the Instantaneous oharai^ 
ter of tho decomposition. This involves high tempoa- 
tuie to the explosive gases, a large portion of the heat 
bring abaoriied and wasted In the poilionB whloh ate not 
capable of lietog Mown down. When meehanksd means 
are stnpluyvd the time Involved in the operation oUowi 
the whole of the power to be exerted and applied to tho 
desired dixeetion without waste at heat onorgy. Not 
only la power lost to beat enogy in the ease of explosive 
eompounds, but the reeult often provoe that there bu 
been oounter aetkm wbmby the reek dlsplaeemeat is 
redueed through one line of force operating Bgatokt an¬ 
other, otoetog to or ruduring the area at brokem ground. 

In piaetloe it is found possiUe so to strange the hy- 
draidle eertridge bolee as to enaUa much greater areaa of 
material to be moved than oould be done with a safp 
quanttty of explueive, wUIe in lome oaaea the dleptoee- 
meat hue been greatly extended by the uie of emaU- 
klsed bore bolee toward which the itoiriy dereloFtog 
Hne of total lattotoaee eon oaaert llaslt. In other wurde 
the power eonrtod by the rania ean be oontnltod, aftH 
a Iltde espNienoe, eo (bat the fun preenite ein be ue^ 
fully applied. 

Uee (a Jftoat.—The vpitottae was originally intn^ 
dated Into mtoee to order to supply the oeknowledged 
need of a dWereat netitod for brinctog down tool to 
miaas fa the best poaribto eondition altar It had baeti ofr' 
denut by hand or maehtoe. The nee elhigb mqdprivei 
fee this parpon, apart fton the elttoent at dahgtri Ini. 
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■Itmjn bMn eonridend ondednble by mlnliw experta, 
beoMiM in n«»’»g them ooal la abattered and waated and 
dutt na^ Now that eoal haa to be won fnm (realer 
depth than fonneriy, and the diatanoea and aieaa iinde(<> 
pound incnaae, die dangen and extent of exploalon 
hava pioportlonatdy inoreaaed, aa many reeent ooUlery 
dhaaten have ihown. The mlnea In which the cart¬ 
ridge' haa been chiefly adopted may be divided into two 
el aa m a; 

(a) VIHiere the eoal is ao friablu aa to ronder the nic of 
exploalTea impomlblc fur commercial ruaaona. 

(b] Where the condition of the minee in regard to gaa, 



Plan. 

Fio. 5.—TiENni Excavation. 



KIg. 6.—^Trench eieavatlan. 


etc., render* shot firing an ewieedingiy ilaiigoruiu pro¬ 
of eouran the quefltfon of oohI enten very hugely into 
the matter. Ai ia uaually the caae when a new appliance 
ia introduced, Ita qualitlea are quickly eatimated fram the 
effect* upon the working expenae*. At a later itage it 
will be aeon that ita effect upon tbe working coat ia alight, 
while ita general advantageoua effect upon the aelllng 
prioa of the ooal la quite alriklng. During the paat ten 
year* the appthuiec baa been employed in mine* in Qrcat 
Britain, the United Staloe, Rnaala, Japan, Germany 
and Auatria. 

In removing ooal a aerioa of hole* i* drilled in the top 
of the aeam, adjoining and running parallel with the roof. 
Thcee holea ate at Intervals determined liy working oon- 
dltlona, uaually from 6 feet to 10 feet apart and from 3 
feet to 6 feet deep. The oponttor begina at tfaa flrit hole 
and pumpa off each in aueoeMion, uaually leaving the 
iupporting apraga to be removed by the collier, who fllla 
the ooal thua broken and preparea the ooal behind for 
a repetition of thla prooeai. One operator can pump 
from 80 to 40 ihota per working ahlft of eight boiui, 
ueing only one maobino, which laata with repaira from 
ttuee to four yean. Tide proeeduie ia adopt^ where a 
laige waU of coal haa been opened out, and where the 
eoal b got in pQIari and heading! the proceae b aume- 
what modifled. The eoal aorom tbe face of the heading 
In undenut (almost unlvenally now by a pmwuaive 
machine operating frmn a filled itandaid) and a vertioal 
riot or “riHarliig" b out up the eentcr of the eoal, thui 
ptovt^ a kwae eod. One bole on each eide of the 
''riMnr” b than auflbbnt to hring down the eoal. The 
holM ara plaead aa near ai praetbable to the faet aide 
ha ordar to b(li« tho eoal down aa near the "IhabeorMr” 
'anpo^l^ (Tiffa I and 4 riNW tbe eartildge fat nae 

In nM * 


Among the mlnea in whieh thaae maohines are at 
present in nae are the foilowing: 

CoUwry N». /.-—At thb oolilory an average of over 
1,000 explorive riiob per week were formerly fired in ooal 
in the various mines. By the introduction of the hy- 
drauUo eartridge the wbob of the explorive shots have 
been dbeardod and there b not now a ringlo shot in ooal 
in any seam. In one neam alone a ti>tal of 28,500 hy- 
draullo oartridge thrusts were made in one ymt, by iriibh 
it is estimated that 02,026 bma of eoal were pniduced, 
or about 3ii tons per thrust. The seam was 3 fmit tiiiek 
and four oartridgea were in daily use. 

CaUitry No. $.—In a seam using five hydraulic cart¬ 
ridges 450 tons of coal are produoed per day, of whieh 75 
per cent b brge ooal and 26 |)er oent small. When the 
coal in thb seam was brought down by expluslvea the 
percentage of large eoai was 05 per oent and the per¬ 
centage of small was 35 per oent. The average prioe 
of large coal was lib., and of small ooal 7s. per ton. 
The profit obtained by tbe use of the oartridgea on thb 
seam on 460 toiu b therefore £14 6s per day. Fifteen 
maohines are employed at ihb eolhery, making a total 
advantage over exptnsivea of £42 15a. per day. More¬ 
over, an extra 6d. ]ier ton b obtidned tor the ooal brought 
down with hydraulic uaiiridges, on account of its greater 
hardneea and freedom from dust. 

Use tn Rttenoirt, Doekt, Harbor* and Canuls.--Tile 
uperaUona in these plaoos have all oertain fealunsi lu 
uommuu which allow of their being eliuwed together, 
aud they may be divided into three ebssee. 

(a) In open Tronclus.— Thn diflleuliy of removing 
rook from oonflnad spaces where it b nct-esaary that no 
shook or vibration should be transiuiltod to surrounding 
strata is a very vital one. The Introduction of the 
hydraulic oartri^ into this chss of work will, it Is hnpMl, 
help to solve thb question. Outing the past few years 
it has been thoroughly tested under most varied eonill- 
tions and in ail classes of doporiu. 

The work in trenohet usually prooeeds aa follows; A 
number of holes are drilled (Fig. 6), say 2 feet 3 inohea 
back from the edge of tbe rook, about 5 feet apart and 
3 feet to 6 feet deep, aonordliig to oircumstannes. Thu 
holai are, when poeslbto, bored by a power drill operating 
from a tripod. By theso moans suitable lioles, of diam¬ 
eters up to about 5 Inohos, can be quickly lirilled. The 
oenter hole is pumped first and provides a louse end for 
those on each ride. Tbeae are pumped In turn until the 
fast side b reaohad, where it may be fouiul advbablo 
to drill a small 14noh diameter hole, say 0 inehsa from the 
fast ride, to enable the eartridge to bioak the rook as 
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cloae to the fast side as possible. Bometimes tiib method 
b varied by pumping off two eeiitur holes simiillanuousiy 
and placing the last holes 2 feet from the fast side, leaving 
nut the small diameter hobs. (Fig. 0.) In thb case the 
holes could be 2 feet 0 inches from the front i<dge and I wo 
uuuihlnes woulil ls< rcquinMl. 

Taking a tnmeh 16 fwl m width and holes 3 feet in 
depth, the first method would ncccssilate thnv earlridgrs 
and two 1-lnoh hnicw hi get lUO cubic feet of ns-k, wliilc 
the senond method would require only four cnriritlge 
holes tu remove 112 cubic feet. Dunng the ejienillun 
of the maebine it is posHlIilv to sec the ns-k slowly fractur¬ 
ing at each turn of tlin liandlo. Work of this cIianwUT 
has been done by the cartridge in nmnietion witli the 
Derwent Valley Water Works, and tlui Gwni Tuff ibw-r- 
vuir, Uverpool Corporation, and testa uni non being 
mado for the Abertillory Water Hclieme. 

(6) I'nder IVolcr.—Tlie applisnee lias Isn-n uswl in 




Fig. B.—('onrrete bed Fseavallon. 

many cases under water, obiofly to remove nsik, eitlier 
from tbe sides of canab, or from the sidi<s of harbors and 
docks, where it was obviously impossible to use explo¬ 
sives, tbe machine being nperuted from the bank or from 
pontoons. A typical cose will serve to illiutrato the 
suitability of the cartridge for this class of work. The 
rock to be removed was partly projivliiig fmm I he side 
of the canal, aud it was necessary nut only to n-move 
the mass in tho water, liut olsii that iiism the liank, as 
shown in Fig. 7. 

The rook was New Red Hanilshine and the dejilli to 
the bottom of the canal 18 fi-ct. It was decideil hi re- 
iiiuvo tho moss the full depth at one operatien. A series 
of holes was ncconliugly drillwi 0 fisil aiurt, 2 fwl 4 
inchoi back from tho edge, and 18 fwt deep. These 
were pum|MHl off in succession and the eperution of the 
cartridge at this depth siiinccil to bn-ak the ruck riglit 
up to tho bank in nearly every case. In one or two 
bobs it was foutul nepessary ufhT ujieniting in the Iwlloin 
half to draw the nuiehine up about U feet and ojH-rale 
again. Daring the uiMiration divers were below wahT 
Bacertalning the position and extent of the breaks anil 
dlrootlng the opwator aUive aa to bow to continue the 
thrusts. The |iortiun shaded (Fig. 7) was removial liy 
hand, and another serioM of holea was pul down 10 fi-el 
deep, e feot aiiart, and 2 foot 4 inchea from the edge, to 
break up that portion of the rock to bi' retnovi-d. 

In the Alexandra Ducka at New|xirt, and in the new 
dook at Hwanaea, the appliance haa been used to iireak 
up lodgea of rock occurring in the vioiulty of walls which 
would have been damaged by tlie use of cxplni>i\os. The 
hobs were put m and the cartridges inserted under water 
by divers and pressure was apiilied from the pump placed 
on a raft on the water. 

(e) Dork or Harbor WalU .—Hydrauliii nuuihinos have 
been used for some years at the llover llorlair Works 
for tho purposo of delaohlng the large ciincit’lo blocks 
used In tho harbor waUs. These hlocka are of gn-at sizi- 
and weight. By inscriing tho drill hole along the buttum 
of the block and piaoing the eartridge about half-way 
under it, the wbob mass b slightly lifted and tilted with¬ 
out brntldnc, and being thus rebased from its bed is 
eaafly lifted on to a wagon by a orano. g ^Machines are 
befaig naed tw a timilar purpooo b other docks. 
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t'lK. 9.—Conrrrl« bed excavation. 


Kirimilinn nj f'liHnilnb'oiis.--Tlic qiiciliiin of the re- 
niovul of Minereto fuundaliim beds by a nioUKsl widch 
would not involve explosive blasts and would avoid the 
sliKblost damage to inaehlnery or buildiiigH has be<<ii 
earefidly stiidosl rreimtly by the writer, and liad never 
Us-n thoroughly wdved iiiitd exteivdiHl trials in all parts 
of the llritisli Ubvt ]umI bwn m«d«'. 

Thu efioet of (Miwerful hydnmhe iinwHiim upon (Vin- 
erelu is interesting. In the <-ase of sandstone and sludes 
there is iwmiparatively slight <Tushing of the roek Itefore 
tiui full prussiireof lhi< rams has the elTisa of eausing the 
mass to Imud; eoiisiderable pninplng and eonsequent 
travel of the mnis is then mvnvisary Itufore the roek 
finally Isigius to oruek and break away; with tmiiereto, 
however, there Is usually a istifeptlble interval during 
wliieh the nuns ore erushing or eemprnssing the ma¬ 
terial and no movement is iiotieeable; after this is ae- 
e<implub<si a few more thrusts of the rams cause the 
wliolu iiuiss to bri'ak up without any ludhuttions of bend¬ 
ing. It may still be ms-essary lo continue to apply 
pressuro and to iiiensise the size of the lureaks in the moss, 
hut the greub-Ht slialteniig ellwt will have lieon ao- 
cnmplishud at tho Hist diselusuro of the cracks, the prve- 
Buro nxiuired to break the nuss afterwards gradnally 
diminishing. 

In such material, explosives invariably have tho effect 
of “hacking a way through" by tho sburtost direction 
to tlio unsupported edge (Kig. H), pulveruiug the mass 
but failing to take aiUanUigu of pressure gently appUod, 
by meang of breaks wliieli spread and widen, and to 
utilise tile weight of the eunereU) itsolf to iiuuease the 
Mvipe of llie uperatiuD. Numerous oxiHiriinunts in this 
vloss of work show that (10 lo 70 eubie, fiwt of coneroto 
can t«aily bo removivi per lliriist. 

The general pnssxliire in attaeking beds ef euuoretc 
nmy lie divided llius; 

1. By V ertiesl eartridgo lielos. 

2. By hurizoiital cartriilge holes. 

1. Hy IrrltnU Cartridyr IIoUji. (Fig. 8.)—This method 
is must applicalile to plaoes where power can bo easily 
iibtaiiiixl to Isirc the holes by trijwd and powror drills. 
The eartridgo holes are drillud alsmt 3 feet deep and 2 
feet U inelies liaek from tho fniut edge of the bed. It has 
lHX<n found of great odvaiitago to dnll small dlamotor 
holes 3 feel away and in lino, to wliioh the fraolura will 
break. In this way a bod Ifi fool wide ouuld be broken 
all across by two eurtridgos and two small diameter holes, 
amounting to 124 cubic foot of material. 

2. Hy HoritotUal CartrU/t lloUt. (Kig. 0.)—In this 
eoMi tho hulos would be 3 feel deep and mode to lift 
3 feet of loBtenal per thrust, the vcrlieal small diameter 
holes lieing put ill as before. Tlui amount of material 
movisi iHir tlinisl is 07 cubic feet. Tho ofloct of lifting 
up is to break a larger quantity of matenol and in much 
largor pieces than is the caio with vortical holes. With 
the latter the eoumla is found to be very well broken 
up, and.ready for hgluUing without tlie further use of 
tools. Ilorirxintol bdes, on tlie other hand, aro mure 
suitable for beds where foundation bolts ore onilwsHed 
in the concrete. 

Thore appears to be no class of work so suitable for 
this Tnaehlno m the removal of eonorote beds. Tho 


foUowiagreoeatouekmty^mtaaaplt. AtammiM- (boio to vUgb he had tradDMl dp to the pnMOi Jto 


Jial cleetriolty works the eartridffe was need to NBwva 
the main engine room fonndadon bed. Within a radius 
of 40 yards from the aoens at operationB, many of them 
within the same building, wsro vary valuable T n iw aa hlr e 
and water tube Irallen, eleetrleal and ateam ongiiMa and 
tho main switch i»ard and oablea. Needless to my tho 
work had to be cMried out with as UUto vibration or 
shock as possible. Eiqilosivea were ont of the question, 
and the ordinary method of hammer and wedge would 
have proved an extremdy kmg. tedious, and expensive 
prooess. The bed consisted of e solid mass 14 feet 6 inehee 
wide, 20 feet long, and 10 feet deep, oumposed of hard 
cement concrete for the most pert, and reinforced with 
numerous foundation bolts. 

It was considered unneoesssry to install power drills 
on the work end the boles In oonseqnenoe were drilled 
hy hand. The majority of these were horisontal and 
were put in by means of an ordinary twist drill and ratchet 
iiuuihine by two men. Theee men could drill fairly 
t«aily 3 feet per hour. One hydraulic oarUidge only 
was employed. The general pmoedun wss to keep the 
drillers at work putting in hides all round the side of 
the concrete, the machine following when two or more 
holes were ready. The holes were on an average 6 feet 
0 inches apart, and from 2 feet 6 iaohM to 3 feet below 
the surface in the esm of horisontal Iwlas. The vertloal 
holes wore drilled only in special plaoM to trim down the 
vertical edge, and In these oases the meaauramenta wore 
about the same. The employment of shot holes to form 
a breaking point wss cuiiaidered unneecssary. (Fig 10 
is a pholngrapb of one of the hurixontal shots.) 

The debris thus broken was removed by a gang of 
six men who were kept busily employed with plek and 
shovel, and wedges were neoeesary only to break up the 
lorgiT pieece to a suitable sise for handling. It was 
found that the amount of material liroken up in the course 
of three or four sheila was quite sufflniimt, in consequenee 
of the limited and cramped working area, to keep the 
men busily employed for tho rest of the day. Had it 
IsH'ii possible to place more men on the bed, them is no 
reason why a much better output sluiuM not liave lHs«n 
attained, but in Ibis casn it would have lieen nocessary 
to br<«ak open the wall in several planes, whhih was not 
considered advisable. The whole lied, weighing a|>- 
preximately 200 tons of mmcrele, was removed in twonty 
working days. About sixty bImiUi were necessary to oom- 
pleto the work, making an average of nearly HU tons 
l>er thrust. 

The cost of the work was as follows: 
liilMir iwr day, including opera¬ 
tor, drillers, navvies, and 

foreman .£2 15 0 

Amount of material reiniivod— 
average 10 tons per day... 4 0 per ton. 

The above cases will bo sulBolont to show that with 
a mechanical sulislitule for Masting capable of exerting 
a lulal prcuuru of IfiO or 200 tons upon rook, coM, con- 
crcti>, mascury, etc., and in such manner ss to cause no 
shock to the material In whleh it is operated, there 
should he pussibililies of uwdulnoss to engineers not 
previously contemplated. 

Replying to the dlscuision, the speaker said that one 
speaker had referred to the use ol black powder for 
blnsUiig salt rock. That was really in line with the use 
of the hydraulic maohino, which operated slowly and 
gradually. Tlie old-fashionod exidosives bad the very 
distinct advantage that, owing to the length cf time 
required before the gases attained their full temperature 
and pressure, it was poosible to got the power exerted 
in a more effecUvo way. He thought that if it were not 
for tho claraont of danger associated with bbuik powder, 
oU users of explosives would agree that the old-fashioned 
■low-working explosives bad always been moot satis¬ 
factory. It was only carrying the principle a UtUc 
further to apply it in the form of hydimnlio power. 

With regard to Mr. Jenkins’ point, rotary drills had 
been used for making boUa on many oeoaMons, and It 
liad been found that the diamond iW was quite eatb- 
factory when used as a hand machine. It was very 
necessary to have a regular and smooth hole, and the 
diamond drill gave snob a hole muoh better than any 
porouasivo drill oould possibly do. It appeared to Um 
that It would also have tiie MTeot of greatly rednelnf 
tho amount of dust that wonld be made in tbs drOUng 
of the hde, and not only would there be a smaller quan¬ 
tity of dust made, but that dust would be of ooarsm 
texture. 

As to the driving of headings, he must say that in 
mdinary tunneling he bad not been enttrely sueosarfOl, 
chlolly because of the difflealty of obtaining a snltoUe 
drill for putting bolea in easily and qaieUy. Itwaanot 
poeslble to blast from the solid. If the reek was to be 
broken wHh g loose end at Ml, It wss n e ne ssa r y to be able 
to put in small holos readily and eody in vartous dlna- 
ttons. Having loaoessed OM side, then wu than no 
longer any dUBsulty. 

With r«ard tothaUmitoflfi0to300taM,l» imd- 
doned those amounts beeouss thsy me onnalBiatolj 


ubff the »4iwh moeUna ha gbK trith Ma piMsM op. 
about lao tons. Whsn wiag a Adnoh machine ha 
gaaenlly used about live pistons instead ct end 
he got 170 or 180 up to 200 tons {nussure with that 
portlenlar sise. There was no Umit. It was posdUe 
to Inmose the preoniM aeeMdliw to the logtii and Has 


Fig. 16-—Hydranlle eaitridfs usd In a bed of 
eeoercte. 

of the msehine, but thne would arise a liability (or the 
cartridge to become bent. There wm no bending of the 
cartridge if the lUee of tho manhince used were limited 
os at irneent, previded that a regular hole wu obtained. 
If the bole WM not regular and smooth thwe would 
be the risk of some damsge being done to the mssJiie. 
He did not mean to say that then wm a danger of hood¬ 
ing tho maeUne after tho materlM had onee been broku. 
When the back of the matoial wm broken wm no 
danger to tho eartridgo. Very few maehlMa had been 
bent or dunaged In any way. That wm probably due 
lo limiting the length of the oartridge to 20 Inohes in 
the ease of eight-piston moohines end a few inohw leM 
In the cam of a flve-plston maohine. 

With regard to varying the intensity of the pnmme, 
ho thought that that was hardly neoess^ so kmg m the 
hoio WM drilled sulllolently deep. Hddid not like to 
have the end of the oartridge anywboe near the end of 
the hole. It should be right in. Aa long m It wm right 
Id the bule there did not seem to be any advantage 
to be gained by varying the pressure. He got the cart¬ 
ridge right into the hole, and then it wm not neoemary 
to make any ehange. Usually the pistouB wsre put an 
equal distance throughout the full length of the cart¬ 
ridge, showing that the reststanoe had been the same 
throughout ito length. 

ThciFUghtlor gjGoir Ball 

Hoiik ioteresUng sUtemeDts concerning the flight of 
a gulf IjbU vreie made In a case beard by Mr. Justice 
Warrington In the Chancery Court The validity of the 
patent granted to William Taylor (or Ua golf ball wii 
challenged by .Mown. A. W. Oomoge. Ltd,, who claimed 
the revocation of the patent owned by Cbarlea atonit 
Oox and A, U. HpahUng A Urea., who made the golf boll 
under the name of the "Dimple.” In the speclllcatlon 
ol the palente^ be lald Us principal object woi to ub- 
tsln better rmulta In the fllgbt of tbe baU In the dlree- 
liun of a nutslned hanging flight giving a flat trajec¬ 
tory, with s slight rising temtency toward tho end of 
the flight 

Prof. U. Vernon Boys wrid the form of the surfhee of 
tbe ball Bffectud the flight very msterlslly, and, from 
Eoneral experteDce, ■ smooth ball had been nwmii not 
to be so good oa ono of which the surface bad besn 
roughed. Tbe smooth ball bad not an odvantageoM 
surlkoe for getting g hwg tnvd. Tbe of 

marking which coAMltnted Taylor’s Invutlon wu u 
Inverted bramble patlem, and consisted of laolsted cavl- 
ttos, ctnmlar, evenly distributed, shallow, end thalr 
sides steoix Prof Boys said he found hy mr poHmsiHf 
that thla form ot ourfiice gave on extiraiMy —ri****- 
tory flight The experiments ognristed ip driving the 
balls by means of a machine dcet giMjl by hlmssif and 
Mr. Taylor, and Were eorrlod out onrBorstoU Golf 
Oourso, oa the rood to Obonwood Fonat He did not 
And in the specUlcaUou of WUIte Park and Fenils,' on ■ 
whMi Hoobi. Gamau roUed, TOylor’a form of eavitlee. 

In enas-examlutlon u to the typtool golf holTi 
fliflht wlttMM Mid the beU more than eounteraeted the 
oetton of gravliy. Hla Locdthlp: The golf IwU doM 
not nptke a paiabiria? Prof Boys: Not In the 
degru; a good flight is nrr ntuiy gtnight tor t lom 
tlmn and tbu grodbally tbdng and thn ^ 

Inrdihlp, giving Judgment, aoid toot the uUn ftotuv 
ot the deaerlptlva port ot TOylac’k toadfleatton wu itt 
vaiBuau Ha held that the patut fWM, gad dgt 
theu tout be u ordeg tu Ua fsvoeaUah, x 

pgnfltng a. Bm «kglMk 'W' 
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Snow Removal* 

Report of the Conference Held in Philadelphia, April, 1914 


Baut in Muek, 1014, Mr. Morris L. Cooke, Dlreotor 
of (Iw Pepnrtme n t of Poblie Works, PhlkKldphle, 
wrote to s nnmlHr of tbe leedim eestam eities bur- 
gsetiag tbe needs of » eoaferenee on (Ite subjeet of 
snow rraiovBl end painted out, thet in view of the very 
epperent Uok of encineeriiiK methods genenliy em- 
I^yod in n pioblem whkdi so oleeriy mns for en^tieer- 
ing study, it might be proflteUe if those in ohaise of 
the met ter of snow nmovel in the Uiger cities oould be 
hrooght tofether, end thet et kest en epprorimetion of 
e deteite poliey of snow removsl might result from such 
e meeting. Tte suggestion met with snob fevor thet e 
snow rsmovel eonfecimoe wes hdd in Fhiledelphie on 
April lAend 17,1014. 

A Committee on Resolutions, J. W. Pexton, oheir- 
men, wes eppolnted to submit e report, which would 
be the result of pepsrs, discussions snd recommende- 
tions mnde et this nonfnrenoe, end the oommittee mekee 
the following report: 

The problem of snow tnniovel must obviously be coif 
sideted differently in different cities as its solution is 
dependent upon suob verieblo elomenU aa olimatr, popu¬ 
lation, width of streets, density end charseter of Irefflo, 
locetkm of sewer systems, eveileblo disposal places end 
other kieal ooiulltiw, to say nothing of the financial 
iwlioy of the munleipijlty. 

It would eccm impoailbh) to formulate anythiug but 
the most general suggestions, snd yet it is found that 
even so vital a matter aa the financial policy does not 
offeet the main problem, ornept in the extent of the work. 

The work of snow removal is generally done by oon- 
tmet undm the supervision of city offlnlsls, payment 
being made aoeording to the ituantity removcil os tallied 
by wagons hanling to the disposal dumps, tliu torem 
and aqulpmcnt conslating of men with ehovuls, horses 
and wagons. In some cillns, wrapers and plows arc 
used to push the snow to the side of the street, relieving 
tnflla and making It easy to pile, or to load without 
piling. 

Salt is genomlly and vory extonslvuly used for tho 
removal M snow in Liverpool, London, Paris and other 
European eities. The very general praelioo is to broad- 
east coarse salt on tho streeta during and immediately 
after a snow storm, and when the snow boa been le- 
duood to slush by tbe aolhm of the salt, the etraeU are 
flushed with water ami the slush washed down tbe 
sewen; but In thoas cities they do not have vary heavy 
snows and It is doubtful whether it would be practicable 
here where we have a muuh greater depth of snow. There 
IS also a vary terious objeetion to the use of salt by the 
Societies for Prevention of Cruelty to Animals and in 
some of the dUes It b prohibited by ordinance, it is 
questionable whether the use of salt has been given a 
fab trial In tide country for the removal of snow and 
than is little doubt but that It would be useful In light 
snow atorms. 

Muoh thought has been given to tbe design of appa¬ 
ratus for melting snow, snd also, to spoalal moohinery 
for soraping, loading and transporting. Inventors, de- 
signm and mannfaoluren should lie enooursged to 
oonUnue in the endeavor to produce equipment which 
will render praotieal and efDdent servloe, but the amount 
of snow Is so variable and the equipment is in uae for 
sueh a dmrt polod of time that It le dtsdrable it be de¬ 
signed to be nsdul for other work at different seasons 
of the year. 

The problem oonfrontlng the pubho offloiale ie the 
removal of snow in the iboctest lime in sueh a manner 
oe not to Inleifara with traOo, and at a minimum oost. 
Thenfore, using the method of sorapliig, shoveling 
Into troeki or oarts and hanling to dumps, the length 
ot hanl beooma.a moot Importdfit factor and it oan 
readily bo seen Oat the utilhation ot sewer manholea 
os dmnpa^ and the sower system to eairy the material 
to Um tlvn, in the most enonomleal method which can 
bo deviled ■■ it ndaosa both the haul and the handling 
to a mlrdmiim. The authorities in ehsige of the sewer 
■yrtiBS hnve, oe a gaoanl thing, appeabeasloM regard- 
the asf of the levw as a snow osnier. The Borough 
of MsAhaMaa, Now Toik, Bureau ol Sewme, however, 
made ovsrimente during the winter of 1014 which issni 
to prove that, wUhin eartrin hmits, sueh Htpnhenrions 
antfrAwnded. 

Oaa Old rtewieel eembiaatkiM In tbe sewen Uve 
Hide oCtat oa the tkie riulBiig. Two oubk yirds 
per mhtiite la tbe maibnam rate at whieh eaow oan 
be Kbevoled tato a MJoeh manhole. Tidal sewen ean 
ooly b* peed edvantege when the tide b low, in 
nrydi eqelt the teetpee of the ordlnaiy lewer epply. 
81^^ eMni dm need ae wail es tbe ordliiaiy type. 


flow in tho sewen, or where the flow doercaei's or slops, 
the water plug may be opened in tho ilrainagu area 
of the sewer above the manhole in use, unlil Ihe vol¬ 
ume of srater b suffieient to carry off tho snow, but 
it boa been found that the most effleient use of water 
may bu hod where water jets ore eonslructed in the 
manholea into whloh the snow u dumped. The problem 
of getting the material Into the manhoKn m the least 
time with the least interference with traffic opims up a 
Arid for the considerolinn of a special form of manhole 
to bo uaod satiirfaetorfly for tins piuiiosc. Pittsburgh 
and Bt. liOuis hath use a speidal form manholi<. 

The cummitlce gave further on onoount of the work 
of snow removal in the cities of Philadelphia, New 
TOTk, lloslun and Scranton, and also of the I’ublie 
Bervioo lUilway ot New Jersey, and the Pennsylvania 
Railroad Company, on whieh they hose the following 
eonelnsions: 

Ist. The plan iif urganlxatlon and the system Pi Is' 
employed should lie worked out in odvanin of the snow 
season. This preliminary work should involve: to) a 
plan ot oo-op<«uliun among oil branches of tho inuniri|ial 
government; (b) the formation of a ekeluton organisation 
eompoend of all tiui availolile eity torecs, sueh os engi¬ 
neers, ins|ieetoni, timu-ko.-|)en, lalsirers and teaiiis; (r) 
the division of the city into sonisi and the determnuttioii 
of a dufinilu method ot work for each xonc. The vuriiius 
members of the organUation should be oesigned to Ihem- 
sonos and the ruaponsihle offlciole fomiliansed with the 
duties oxpa-tod of them. 

The ehonuiU-r of work to bn |M<iforin<sl in the diffen-nt 
sones may eonslst merely of tiie regulaluin of opening 
eross-wollu and gulU'rs and otherwise generally assisting 
pedestrian trafflo and the run-<»ff of the snow, or it niav 
consist ill the complete removal of the snow from Ihe 
streets. Owing to tho general inen-aso in motor Irame 
and the conoontnitiun of business in dettnite ofliisi dis¬ 
tricts and to the gonerol public domand for iiniroMsml 
uritan facilllies, the prasout tendency is to inen-nse llui 
scope of tho work invohing tho complete removal of 
snow from all main lhonmgMari>s and business slns-U. 

2nd. Removal work should oommonce as sism os the 
snow has eoverod the pavements and Ihe itidicalluns 
point to the storm eontinuing, and should b«‘ carriisl 
on nontinuously. Thb os a principle is siieewtHfully 
fotlowed liy street railways and by some eities. 

.Ird. The eanying eopooily of the sewer sysp-ni 
should be utilisod os far os praoible. 

The use of tho sewers whieh redwes lioth (he haul 
and handling to a minimum ini'ulves two oisTatinns; 
namely, getting the nialeriol to the emP-h basins or man¬ 
holes, and then putting the material into the wwers. 
The flrst operation can best lie rhino by Unuling into 
wagons or trucks and hauling to suiUbIc manholes or by 
the use of aorapers or gradon. Tho problem of getting 
the material into tbe manholes in the least lime unil with 
the least intorforenrw with timflic opens up a flelil fur 
oonsldontlon of tlie question of spocbi forms and s|Msiial 
locations of manholes desigm<d to be used solely for this 
purpose. 

The method of flushing the snow with lire boM> lulo 
natch basins may have a limited a|>p1iealum but it is 
too unteliablo to have any genenl value os it tlo|iends on 
weather conditions. 

4th. When praotieable, where there u only a siuuU 
ana to be cleaned, the work should Iw perfunni'd directly 
by the muninipallty by rlay InUrr. This method of 
operation is the most flexible anil the most easily od- 
minlatored and it obviates tbe necessity of mcasuro- 
ments Mil cheeking involved uniler llio eontract system. 
Tbs work ean also lie performed by day labor in largo 
anas by adopting ttie following molbod: The departs 
ment to advertise and go out into the open market snd 
Un teams to haul the snow for so muoh per yard, the 
price to be dotenniued by tho deportment and to repre¬ 
sent a fair estimate of the enst of tbe work and a fair 
proflt. This, of course, would throw the work open to 
anyrms owning one team, or a hundred or a thousand or 
mote teams, depending upon the amount of work to be 
performed, and would not leave tho department depen¬ 
dant upon any one or mon oontraotors. In this method, 
os well os when tbs work must bo performed by contract 
aiystsa, a method of meosurenuint as simple awl ocourato 
as possibls should be used. The prscUcabUlly of having 
work done by the municipality will depend among other 
things on the immediate availability of an appropriation. 
It is essential for tiie proper oondnot vt tho work whether 
by day labor or eontnet that appropriation for snow 
rmnoTil shodd be mads in advanee at necessity for the 
walk. 

8th. Oo-t^Miatlon idioald be son^t with the traction 
coaiiMilss nd wn made of adjostabia plows and sweepers 


Oth. Effort should lie iimde to olitaiu ilic cu- 
tiiin Ilf the public ond to instruct the liuusclioh 
the melhiMl of thi' remiivuJ of snow from priiuto ju 
in Biii-li a way os Ui |i<ast impisle iho cilj'» «ork. 
sidewalks an- of greater wiillh than would be mveKi 
lianille llie nsliieeil viiliiine of luviesirluii Iraflie, 
may be l•xpuet4sl iifler a lii-n\y siiow, the snow i 
of iM'ing eiitin-lv eleansl fnini I lie sidewalk uiiil 
ill tbe roadway sliiiiilil U- left on the sidewidk in 


The iHiliee in pnrtiriilar slioiild give 
eiifons'inenl of regulation govonnng th 
from lliii sidewalks or from a |ioiiioii 
III a wnlton ilisruHsion Mr,.). T. Kel 
tlial New York ('ity has tried almosl 


eX|MTienis<, isiiitnil of isiiiiliiiwil and res|Hmsibililv an< 
I lie mam foetoni to be eoiisunpil. rather than the area 


luisis, for the ossigiunenl of eonlriw 
The statement of general pritiei 
eommillee's rH|x)rt would tu' eliiril 
H«|>arated into tlii-so didsions. (I 
Hlnvl railway ossigiunents, (2) niiii 


every namoiialile ismi 
of till! most Builulile 
parlieuUur an>us. sin 
consideration. .\ll i 
RoJIisl in |4> ossiil I 


I'liey eoMTiHl by the assignmeiil 
ms of snow n-iiioi al odaplisi to 
or ilislru'ls ot the eity iimler 
iicipol ileparlmeiils Nhoiild l>e 


As a general isuiinieiil on the eommitlee re|)ort, it is 
suggi'stisl Dial, if possible, engineors or sltis-t cleaning 
offleials should rew-ive from an aulhorilathe sounie. 
such as tile S(K‘iely, a Hiiiumary of eoueliisluiis (.■overing; 

11) A stak-ment os to whul types of slns-ls should Im 
eleansl of snow, ami hiiw for the imiiuei|ialU,\’ is jusiilliKl 
in n-miiving snow from minor thoroiiglifurcs at publiu 


required Pi place Uielr M-rviera at llie iIihihisuI of Iho 
inuniei|ialily at isMt. 

(fl) A eompilaltun of siiow' slalislies ter lanous |iarts 
of this eouniry, anil if possible a sumniury of alt<<iiding 
weather mmdilions. 

Koeh eity must work out its own KaUntion regiirdmg 
snow removal and disposal met hods. Tito pnililem is so 
oompliealnl by uncertainly ns to weather isimlilioiis 
that no partinulor method is Ih-sI fitted for all elites and 
all conditions. 

E. D. Very,' in a wrilteu dUcussiun, poiiilisl out llial 
an endeavor should Isj luodc to deflm- the exli-nl to wliieli 
snow removal should lie carried on in a imimeiiiolily. 
This definition should not bo made in units of mileage 
or of square yardage but rather iu teniis iif iiM-esslty. 
In this regard tlie finauciol policy so nffeels the niaih 
problem os to desArve cousldcrablu study, as iho extent 
to which the work shall lie carriiKl on deis'iids largely 
upon the amount of money a municipality eon afford 
Pi Hpenil. This question must Is- answered Ix-forc wn 
may assume that thi' area to lie eleaneil has keen do- 
eidisl upon and tho appropriation of money must lie 
predieapid upon an understanding of the ortiinl need m 
this regard. We should go thrthor and discuss tlio 
manner in whieh funds for the work should lie raised. 
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U is suntesUsl tl»t llui tax for suoh purtiust! should 
Ih- leviod; a pari by a Kcaoral tax and a part by lax on 
propurt.v iinmodlatoly ben«flU!d. Huoh a method would 
mstrain the indiscriminato dimiand for iiDiiMX'swy sop- 
viw for personal bonofll. 

W. Goldsmilb* ouIUmI altonlion to a stalemunl in the 
report where montlnn is made of onlarvinK manholes 
for the quick dlsfiOHal of suow. In the Manlialtan ex- 
IH-rimcnt it was sliowit that two l•^ble yards of snow per 
nilniib' con 1 m' shoveled iiibi a 24-inch manhole and that 
2,5fll) cubic yanls wen- diimpcsl into one suwep hy means 
of throe inaiilioles in on H-hour day. This seems to in- 
riii-ate tlmt a 24-iiieh nianliole is laive enoiiffh. Besides, 
Ihi- eflccl of an enlarged manhole on the |>avement must 
Ihi considenHl, llui mai<irity of defects in slnsel surfaora 
lieinK due to numholes of <iue nature nr another and it 
seems that l.ho vliminalioii rather tliaii an Inorvase of 
lluMi eniiuiies to (lavemenla should Ih- striven for. 

K. Kingsley polntisl out the fact that the same old 
i-art-and-horse methods for simw removal si'om to bn 
used that w«-ro wlopU-il when the pniblem bc-eame 
s4-riuus some 211 years ago. It is iiilen-sling, however, 
to nolo the HUis-cHH of the snow-inttlling device on the 
I'ennsylvaaia Itailniad. heeause tin- melting of snow 
seems to be the most likely path along which improve¬ 
ment can take plais-. 

The cost of fuel to melt snow is only some Ifi |ter cent 
of (-ost of handling It under present methods. The IhmIs 
for this is tlial a euliie yard of snow us n-moviil weighs 
approximately l,UIIU imunils aiul would n-quin- alMiiil 
2IXI,0tX) British thermal units to reduec it to water, 
allowing a libiTal margin ever the lati-nt lit-at of lei-. 

< 'oal at ti per ton provides almul Q7,U0I) nritisli thernud 
units for oiu- M-nl in a iH-rfi-el furnace, nr 27,(XXI llritish 
tliiTmal units with 4(1 is-r •n-iit furnai-e i-ftteleney. At 
the latter rale the fui-1 eosi for melting w<iuld only lie 
7)1) mmls pi-r eubie yanl or Ifi is-r eenl of tin- present 
apparent eost of liaiuUing it. Tills (ks-s not Imdiide lii- 
ten-st or labor eluirges but them- ought not to bo in¬ 
surmountable olistaelw. 

The problem is iin-ullarly one lliat iiieehanleal en- 
glms-rs should Iw able to solve. It ap|M<ars to be largely 
a balancing of the cost of heatbig surface against interest 
charges, and 1 square fmit of lu-ating siirfwsi can transmit 
h<-a( (os demoustrated by exisliug hssimolive IsiUers) 
at an approximate rate of 20,(VK) llrillsli thermal units 
per square foot por hour. With l«-ss elHoiont hut more 
rapid traiisniisslnn, twine this rate doea not seem im- 
poalble. On this luuris, apparatus eapable of melting 
1(H) oubie yards of snow an hour would nsiuire .TOO 
square feet, of heating surfm-e. (tertainly tlu-re is not h¬ 
ing ohnnnniU mvoivnd in the provision of heating sur- 
foi-e bl such amounts as this. 

One hundred uulilu yards of oompaeted snow appears 
Ui be equivalent Pi about 45U oubie yards of snow as tl 
falls, and In a :4-ineh snowfall this amuunt would oover 
AOO liiioar foot of stru-t. The subject obviously sw-ms 
to bo one that is wortii oonsideration by the various 
cllloH in the country, it would lie inlemsling to see 
some Ihoniiigliguing experiments along this line. 

The Protection of Iron and Steel by Paint Fliina* 

By Norman A. Dubois 

I'lii; thcnrleH of i-iirrmluii of Iron iiiid sti-el which 
liHVe reis-lrtsl niiisldemtlon iiiid wlili-h sllll seem to 
hiive llieir dereiiderH and otiissM-rs iin- liitorcstlng to 
noli-. Tile i-urlsiiilc Held tliisjry In lirlef roqulros the 
|>rvM-iiee of i-iiiHioiile neld to start eornHloii. The perox¬ 
ide llii-ory HiiiijHMi-s Hint hydrom-ii |H!roxltle Is foniiod 
In tile pn-seiiei- of iiiolMiiin- mill otygi-n, mid tlmt this 
hydrogen iieroxide i-snsi-e iurniHliMi. The eloetnilytie 
theory assumes thnt Iron pHsses Into Noliitlon In wiiter 
III the form of a ferrous Imi before It i-iiii oxidixe. A 
mote or li-ss (-oiu|ili-te dlseiisslou of these theories insy 
Ih> foiiml III Hie iiirloiis Jourunls niid other pulilk-ntloiiN. 
It Is not the imriswe of this pnis-r to iUw-iiks tlieni. 

Kroui Hu- HliiiidiHiliit of the ]siliit In-hiiologlst the 
probli-m Is Hull of tlndliig the paint flint which will 
eiislile liliii III prolis-t Hie expiassl surface of Iron and 
-iteel frisn Hie various nnilliig Influences for the lougeat 
IMsiNllile Hme. TIh- Hn-urles of corrosion and iiumenniN 
dlsoiissluns of them have Ism-ii of liisatliualile valiu-, and 
Hu- priijier liiter|>retiitlon of them bus eiiahled the istbit 
iM-hnologlst to Improve Ids paint tllm. l.iet lis briefly 
eoiiNlder these theories fnmi the standpoint In question. 

The enrlKinlo arid tln-ory roi|ulres the presence of 
iTirlHiiile iield Hint eorroNlolT may piocccd. In other 
wonis, i-oiislderlug a paint Him |)ru(H-rly aiqillud over 
Hie Hiirfai-e of Iron and steel It rvqalrca Hint enrboa 
iHiixlili- sliall isihh through Hils fliiu, and also that 
water, elHier as such or In the form of aqai-iHis vapor, 
sliaU isiss lliriiiigl) the Him, and tlieru In coujnuctloa 
with the rnriHUi lUOxlde react ns carbonle add. Tim 


imperrloaimeN at the point flln to coibon dioxide gu 
end to aqoeone vopor, tb«), la the vltol qnolily bom 
the standpoint of this thewy. nm mote Impervlooi 
the paint Aim to the gaaea corten dtoztd* and aeneoax 
Ttpor, the Imiger it will protect the Iron or eted bon 
corroalon. 

The peroxide theoiy reqnlree the toimatlaa of hydro¬ 
gen peroxide on the surbue of the iron or itsel. Con¬ 
sidering a pelnt flhn properly apiiUed over the inr- 
bee of Iron or steel, therefore, this meeiis that the less 
prrvloua the pelat Him is to the gaoet oxygen and 
aqueous vapor, the smaller will he the quantity of 
hydroKsn peroxide formed on the snrfaee ut the iron 
or steel, and tlie longer It will protect the Iron or atMl 
from corroalon. 

The electrolytic theory rcqulics that Iron flrat past 
into aolnUon In water as ferrous Ion, and that it is 
then acted upon by oxygen dlsanlved in the water or 
hy carbon dioxide and water to form rust. Again con¬ 
sidering a paint Aim properly apidled over Iron or steel 
tills theory requires the prcscni-o of water In whidi the 
Iniii may dissolve to form ferrous Ions, CbTlonsIy, t^ 
fuily way the water can get to the Iron or steel Is to 
|iass through the (mint Him, as bu^ or in the form of 
nqueoas vapor. If we suppose the ferrons ions have 
lieon formed, the action can go no further In the absence 
of an oxldlxlng agent, presimuildy oxygen, which In 
turn must get through the imint Him. The reasoning 
for the presence of oilier gasi-H Is similar. We And, 
Hierefore, that for corrosion to prut-eed according to 
Hie eleetralytle theory the gases, aiineous vapor, oxygen, 
or others must pass Ihrongli the paint Him, and, as hi 
the other eaHe^ the more imiwrrioas the imlnt film to 
gases ami molslnre, the longer It will protect the eur- 
faee of the Iron or steel from eormsion. 

This Is lint to nmelude that the paint film which will 
serve fur Hie longest time ss a protection to Iron or 
stool against corrosion Is the one which Is the least 
pervlons to aqueous vapor, the gases oxygen and carbon 
dioxide, or In fact any gas In the surrounding atmos¬ 
phere which niiy In any way ninse or aceelemte corro- 
hIoii. 

If we nssurae the corrosion to be entirely dne to the 
deterlomtloii of the iwint flim rather I ban to lb per- 
nieahtllty to aqueous raiwr amt other gasos, the same 
conclusion holds, as the rate of deterioration will be 
luvHKirtlonal to the parmMblll^ of the j|llm to the de¬ 
teriorating element^ 

Tlie electrolytic theory of corrosion has given rise 
to a dlvlsbai of plgmenlM lato tlin-e clamce: corrosion 
accelerators, i-ornwlon iiibUdton, and iiierb. While 
thi-se iilgiiu-iila sn-m to give n-sulb ns predicted hy 
Hits theory In the presem-e of an abuinlanee of water or 
when the Iron or ateel b actually Immersed In water, 
It docs nut necessarily follow that they will do so. 
to a like extent at least, when Ineorporateil in a paint 
film where eondltiona are mneh different 

Assume, for Instance, that our paint fllm to some- 
whul pervious to aqueous vapor and other gaseo. It 
fiilliiws Hint Just os much mototiirc may enter to the Iron 
or steel surface and perhaps give coodlllons under 
which the electrolytic theory may apply when outside 
1 -oiidllluiia ore damp, this niototuro may also pass from 
the steel surface outward when onbldc comlltiuns ate 
dry, nnd thos leave the steel surbi-c dry, la which ease 
till- electrolytic theory i-aimot imsslldy aiqily. As a 
Dintter of fact, the aidnni conditions existing on the 
surface henenth the imlnt fllm, in meat Instances, nre 
lery probably between the two extremes of somewbot 
damp and nearly dry, and this to br from being cov¬ 
ered with an abnndnnoe of water at all times, the eoii- 
dltlous under which the eleidrolytlc theory seems to 
work out well. This reanoning to homo out by the bet 
ihsl B piece of bright steel immeracd In water conbln- 
lug a little line chromate In suspension will remsln 
lirtglit iH-rhaps Indcflnttely, while the same plgiuMit In 
n paint Aim under ordinary conditions will not protect 
Hie steel In a like manner. 

Again, two palub caniposed of the same vehicle, hut 
the first eunUluIng a so-called corruolnn accelerator 
only, iwinted on a steel snrtavc in n locality of ordi¬ 
nary dryness will outlast to a great extent the second 
conblning a rust lahtblUrs pigment painted im i steel 
siirfsce la a Incallty habitually very damp. 

Thto reasoning seems to indtcab snd the evMence 
aerais to hear imt the cnnclnslni that the proMom at 
Iron and steel pnwervatlan to rather to be solved by 
making our paint fllm as nearly ImpervlonB to gases 
as imoHlhle than by trying to prevent eorronlon by 
the nddlUua of the socalled InhiblUve pigments. 

The problem to a physleal one rather than a ehcsnlcal 
one, and a oompartoon of paint flisss aa to ihelr rela¬ 
tive ubstrucHon to the dUTaaloa of gufsa wlU taU mow 
regarding their value as probetkm against cnrrodoii 
than a study of the Inhfldtlre action of their pUmeab. 
This to not to soy that the Inhlbltive proper^ of eer- 
bln pigmenb to not worto coasUeraUoa. batttete- 
perrlomsneesofthuflixMbeCtefiettarlmpgrbM . 


A New PaeMBfer l ayew ej x 

Tug methudi of cenethietlng ropew^ bare bceh ao 
thoronghly perbeted thet large uiimben have bean 
built tot the convayanoe of both p M ee ngar i and BMr- 
ehandtoe In varlotie porb at the world and have proved 
entirely socceesful and mtbbctory. A new InsbUment 
that has recently been pnt into operatluu at Boitii, In 
(tormaiiy, to thus described: The way la (kiOO bet 
luiqc, with a rise of 2,7110 ftwt, the grade being an a^ 
age Inclliiatiuii of 43 dogreas. The np-and-dowii Bnee 
an located 20 feel apart and eaeh eonilita of two stael 
cableo, 20 luebea apart, on which runa a four-wheel 
trolley. Tlie cars, of which there are twa each with a 
capacity of sixteen people, half Inside and half ootsMe, 
are atbehed to these trbleys, and the two oars are 
connected by double cables operated by an elecMo 
motor located at the bigheot staHoii. The oarrent to 
ih'Hved from a central statUm, bnt there are battartoa 
for uae ill an emergency, and hand gear to alao fltbd to 
Hie can, one Of whicta descends aa tUp other aWMds. 
Tills roiieway to supisirted on steel towers, the highest 
one being M feet, while the longeat span betw e en towers 
Is 1,800 feet. 

\Vs wish to call attention to the bet that we are In a 
iHsdtlon to render competent eervlees In every branch 
of patent or trade-mark work. Our ataff to compoaed 
of mechanical, electrical and chemical exporto, thor¬ 
oughly tnliiod to prepare and proseenb all patent ai>- 
pUcnflons, Irrespective of the complex natnio of the 
subject matter involved, or of the epodsllsod, tedmitol, 
or acleiitlBc knowledge required therubr. 

We alao have ssaoctotea throughout the worid, who 
nsalat In the prooecutlon of patent and toude-mark ap- 
pllcaUuiia.fllid.hi all countries furoiga.to the United 
Klatea 
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The Relation of the Horse-Power to the Kilowatt' 

Reasons for the Adoption of an Absolute and Invariable Standard of Power 


1h> value uf Iht hone poaer may be exprened 
either m KnvitalKinal or in absolute units of power 
C nnfuHi in ufti n n suits when one equivalent is redueed 
to thr >tl I r uinin llu. |{Tavitational units depend on the 
tone uf Rravlly abi h vanes from plane to place and 
the absoluU units 1> not Ihus tho usual sravitn- 
tional value fur the P nchsh horse power S60 foot-pounds 
pirs onl whi n reduced to watts gives a diffecent num 
bi r w irding to tho value of the aooelention of gnvlty 
I mploved m the conversion and hi ni • we find diflon nt 
values in venous nfen nee houlta uf wlui h the following 
may be c itod 


Such eonfusion has arisen because there has been no 
amipted authontativo doflmtlon of the horse-power 
When the hone-power is taken as a spn ifled number of 
watts It represents the same amount of power at all 
plaoi a But whi n the hone-power is taken as a spesifled 
number of foot iwunds per second the amount of power 
reproaentid by it vanes for diffocent planes This is 
evldrait stnictheweightcif a pound as a unit of force, 
vanes in value as g the aooeloiation uf gravity vanes 
Thus smee g is greatw tor northern latitudes than for 
sonthem the fune rnpresinted by a definite number 
of pounds inoreases as one goes north This makes this 
mode of defimtion of tho hurse-powi r very unsatisfartory 
It IS amilar to a proposal onoe made to define the meter 
as the length of the seconds pendulum No one would 
now consider imausly n unit at length whioh vnnea nt 
diflirent parte of the world Neverthekisi unite of 
force hnving preeisoly that i haraetorlstie an in < ommon 
use nt the present time The graviUtwiinl lysUm of 
uiuta oenten nh>ut tho grnvitntlonal umt of force nnd 
It M ai cordingly imposnbla to understand the subjM t 
without lanful lonsideration of the pound and othiw 
gravitational units ot tone For the attainment of 
precise numerKnl lelntuine tho vnlun of g must also be 
can fully loniidered and auihontative data on thii 
will bo givi n hdow 

TUr POUND AS A UNIT OP PIIHI H 

The pound nnd the kilogrammi ars pnmanly umti of 
mass It IS convniuf nt to use tho f iroo of gravity upon 
maifes to measure fjroes so that umta of the same nnmiw 
an usid for fane (or weight) as for mass The inhoiunoe 
of tbi aoi oh ration of gravitv in theeo unite uf fonie is 
often forgotten and is thi < ause of somo oonfusion The 
pound M a unit of fome has generally been ueed ai a 
gravitational umt the charaotvistio of the gravita¬ 
tional nmtf being that their magiutudei vary with lo- 
oality as g vanes Thus a pound foroe is equal to the 
force of gravity on a pound maes at any plaie whore 
measurements happen to bo made The oni advantage 
of the gravitational system is that a given mass exerts 
the same nutikr of pounds of force no matter what its 
kwation Rut by this mode uf definition the mognitsds 
of the pound force u not i onstant as it varies with g 
Aftwwnters on the othi r hand have defined the pound 
fane as a fixed unit taking il as equal to the force of 
gravity on n pound mass nt somi one partwulnr place ^ 
e g Pans or 45 degrees latitude and sea level—thus 
dMltvyiitg the gravitatioiial chanu ter ot the unit 
The unit of force oan be made definite and fixed how 
ovtr without nbulishing the gmvitotiuiial eyitem Thii 

u done by reoogiuruig the diffoenoe between the abso¬ 
lute and the gravitational pound bv the use of the tenns 
standard and loeal respectively The pnnnple 
involved le that eontained in the definition of itandnid 
weight bv the lute mattonal Conferenoa on Wogfate 
andMeasuresinieOl Theetatement'by theoonfaenee 
IS given heremth 

The term weight designates a qnantaty of the sptM 
nature as a foroe the weight of a body u the product 
of the mass of that body by the aoeekntion of gravity 
in partu ular the standi weight of a body is the pro- 
dnot of the mase of that body by the standard amelara- 
lion of gravity 

The number adopted in the Intenmtumal Herviee 
of Weqihli and Measures for the value of the standard 
aoecletmtion of gravity u 980 605 oubio eentlmetn per 

By aniUogy with standard wogbt the itandard 


pound force may be defined as equal to the form of 
gravity on a pound mass at a plaw irtiare g has die 
standard value OHO 665 eubit eentuneteni per seeond 
per seoond or 32 1740 feet per aeoond pccssoond Iska- 
snsethe local pound foroe inanygivenloeahtymay be 
di fined as equal to the force ot gravity on a pound mass 
in that given loeahty Similar definition! apply to the 
terms standard kUognmine tone and loeal falo- 
gramme force In speorfying a feree in local nnits it 
IS desirable to give the location of the place by suoh ex 
preesions e g ae Iiondon pounds New York kilo¬ 
grammes kwal kdogrammes 26) etc This 

appUeation of the terms standard nnd loeal to the 
lommen units of fane wns proposed by Prof B V 
Huntington of Harvard University and Is followed m 
this circular 

The words pound and kilogramme ’ need alone ae 
units of tone an ambiguous When so nied the looel 
umt must uiually be undentood This has been tho 
usual sense of tho terms as nsed in the past Sueh an 
interpntation u oleariy imidied in the analogoue state¬ 
ment on weight by the international wnfeMnoe above 
Wnters careful enough to use standard pounds or bio 
grammis may be ezpnted to use the word standard 
exphoitly while those who use pound without think¬ 
ing how It IS di fined wiU naturally empby the local umt 

Tho terms hen given an nadiiy extended to danved 
luuts based upon the umta of force Thus d efl nitionB 
follow at onoe for standard foot-pound local foot¬ 
pound standard blngramine meter ete 

TUX VAI.UB Of TBB ACCBUinATIOll Of OEAVITT 

The standard value of « 080 665 enbu oenUmeten per 
scoond per second wae nngmally intei^ed to npresent 
the latitude ot 45 dsgnes and sea level It has been 
widely used as a standard value for barometne icduo- 
tions etc sinoe 1001 and then le no reason whv it 
should not contmue m use at a standard value although 
tho aoeepted theoretic al value tor 46 degrees and sea 
level is now a few parts In 100 000 different The exact 
value obteined for 45 degrees and sea level vanes with 
the gravity observations utihxed and also with the theory 
adopted for the anomalies or departarcs of the oh 
served values of gravity for any partbular stations from 
the values i ak-ulated by a gen^ formula It is gener 
ally oonneded to bo better to retam a cwrtain value as 
standard rather than to aorreet it from tima to time to 
make it agree with a theoreboal location The value 
080 665 IS the result of a ealoulabon made by the In 
ternatimal Committee on Weights and Measures' from 
Defforges absolute detenmnataon’ of g at the Interna 
tional Bureau in 1HH8 

In nalculabng the equivalent ot tho horse-power in 
vanous units for different labtudee the f lUowing formula 
is used 

g>078 038 (1+0 006 302 sm« 4-0 OOO 007 sin' 24) 
where 4 is the labtude This formula' la aeoeplsd by 
the Umtad States Coast and Oeodetie Survay and is 
the result of observations aU over tho United Btetee with 
Ilayford s eorreeboiia for isostebe eompenaation It 
IS raferred to the absolute determination of g at Potsdam 
about 1000 The thooteboai values given by this for 
mute will not in general agree exactly with the aetual 
valuM at gny partieular place beeaoee of the local 
anomallei eaused by topography ete The depar 
tuns are in general only a few parts In 100,000 As this 
formula does not give g>980665 for 4“46 degrees the 
pomt H onoe more emphasixed titet 980 666 ii an m 
dependent eteadard value not preeiiely related to a 
fixed kwahty 

HAinioAi. nan ron an intabiabu unit or rowna 

Power u very eammoiily meeeuied witii eonadeiable 
preeision and heiioe it Is laqiarteBt that the magmbide 
of tbe unit ihould not vary from plaee to pboe Prom 
the standpoint of metrob^ the de flni b wi of any unit 
should be ngoroui and free from ambiguity Urn neose- 
sity for a preeue definition esata at the pnseat tame m 
engmeenng pnobee When extea^ve leaeareh Is bsiag 
made upon steam bublnea when teste ste mads earo- 
fuUy and resuite arc interpreted minutely thore should 
be no uneerteinty u the uruts nstd 

A preeise deflaltmi b deuable even in the eontswwe 
of to-day MbandwsUndlngi migbl anae over the 
aaeepteaee or wieettoo ef an ungma under teat baea us a 
of the deflnitioa of tha unit of power If the potMr 
dehverod by the engiM M measored by the uea et a brake 
with weights tin numbs of foot-pouadH per ateond 
observed would be g r ea ts , far exam^ at Kaw Qri w ns 


• iMa,p 181 laai K«iHriildaD 4 patoaM«sJa«uan 4 k Mxm upee ie itn nisb i .ea 
U (D laat. ntfaea-tebm trfM 
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thanatNewYorii smeetliefanweistodby thawelghti 
11 diffennt for diflerant bbtodea and albtodaa OMa- 
•equently if dm horte-pows is dafinad aa a definite 
numbs of foot-pounds ps seeond themmeataUplaees 
It IS poseiUe that bie engine might be aoeepted U the 
test were mode at-New Orieans and lejeetod if the teat 
were made at New York Tbse rmnarks abo apply 
to dm eaae of teatiiig an engine whan the foroe M nwatured 
by a dynamomets or an mdieator aswellMiriiehmaaa- 
ured dtreotly by weights If tha spnnga were all itan- 
dardiied at thi mme plaee then the vnnation of the 
force of gravity would not ents the problem How- 
CVS the ebabolty of spnngB vans with temperature, 
eto and hence in the making of an aoeniate last tha 
spnng b oabbrated by wei^ti at the Mme and plaee 
ot the leel Consequently In any esse the vattetam 
of the foroe ef gravity with loeahty must be eouidand 
m interprebng the resuite of a test The fliffarenfoe 
here di e eused are less than 1 ps sent and greats 
erton than this wonld be mtroclused m any pnebeal 
ease by variation m the luhnsatioa in the msasunmeat 
of pows and in the qnahty of steam Navsthabs 
the mean of a ssbs ot taeta wonld be taken ae tho 
performance of an engine and if this figure were Just 
on tbe margm of tolsaaee an nnestein definibon of the 
horio-pows might cause mbnnderuteiidings No each 
oonfusion is poasiUe if the hone-pows le defined Inmh 
a way ae to always ro pree o nt theeams amoqnfiof pows 
On aeeount of the vnnabon witlvgeMfillMenuae foe 
eqmvabau ct (he hone-pows are not decimal mulUplTW 
of any of the fundamental nmts and, furths beeauw 
its difimtion and value an different cm the Oonbaant 
of Furope horn ib definibon and value m B ngUtiH mui 
Afflenoa it has long been felt that the home pows le an 
unsuiteblo unit for many purpoas Modern nngmecrmt 
praeboe is oonitently tending away from the hone- 
pows and toward the watt and kilowatt In Oanmny 
It has been proposed to call the kilowatt Naupfsd 
(new hotsopows) to make its use appeal mine strongly 
to those who have beoome firmly atteehed to the hono- 
pows The objeobon to tbe horse-pows has been 
partlonlarly strong m eleetrical engmserliig The In¬ 
ternationa] Congress of Bkwtnciaiia at Barb m UMO 
ruoMnminded that tbe pows of maohuiee be a x p ra nu d 
m kilowatts instead of m hmse-pows A mon definite 
and powerful aotaon with a view to the ebminaboa of 
the horn power was taken by the International Meetro- 
technioal Commission at Turin Italy, in 1011 This 
body eomposed of tiio rqireaentetlves of gnatebetnoal 
mtsesta all ovs tbe wsld recommended that in all 
eounlriMi eleotneal maehineiy moluding motors, be 
rated in kilowatts only 

msToaiOAL 

The tsm horse-pows as a meamn of the activity 
of maohmery was intndueed' by Thomas flsvery bw 
mveolor of ail early type of steam ei^ine The earliest 
appheataon of the steam engine was m the pmuping of 
water from muwa work wfaieh had formcriy been done 
by bona Savsy m his Afiiurs Frwnd page 20 In the 
year 1702 saye that an engme whieh wiU raise as mneh 

of houra will do the wsk ot labor itf about 10 hotuee 
SUM telayt of hoiuea most be usd to keep the work 
going eontlnuouily eaeh an engine than he ealbd a 

Jams Watt who b generally known as tha mventw 
of the mocbni steam engliie, adopted' the tsm hone- 
pows ta a unit tor exmasuv the pows of hb steam 
engine and defined its value m grovKational nuts vlr 
foot-pounds ps minute The magmtnde of Watte 
horse-pows was, howevs bx or bgdit thnea as great 
as Bavsy s The -ralue' was dartved fimm 
made uads Ike dfaeebon df Walt asd Boubon, kb 
buinaae partas, about the year 1779 
Some heavy hotaea of Bambj 4IMms’a Imwsy, 

Loudou wse eaused to rabe a wal|4t freu tbr bottam 

M 4 deep wall by pulUag hotbonteBy eu a repa ri-' g 
ovurapulby It wha touad that a henk aoild labe a 
vnihtof 100ponndB4UbwBlkiaiatthBratoor36 
■fiai ps hour tub b aqnhabut to fi2,000 fbot- 
ponadt ps adanta Watt added fiO ps eaat to thb 
vataa, gMag SifiOO foot-pounda ps utuite, or SfiO 
footpoiiads ps aaeoad, Tha addWea of 90 ps eaat 


tuLlTMbskk, 

>tP.case^a*a»<e3 a rissitoO(weyte>,iia». 11.188. 
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wM an alknnuHN mad« tor friotiou, lo that a purobawr 
of oaa at hla angiiiea mi^t have t¥> (round for oomplalnt. 
The iliura thu arrived at by WaU ii admitted to be 
in ataoH ot the power of an avenge hotM for eontlnnoui 
wotlc, and If probably at leaat twloe the power of the 
kvetaga hone worUng lin houn per day. 

Hnoa the time of Watt hi* value haa been in general 
me in Inglaad and the United Statw, and &S0 foot- 
ponada per neond ia known aa tibe Engtiah horae.powar. 
Aa the nae of the ateam engine apread from England 
into other eoontriea the value of the horae-power waa 
traaalated into the unite of the varioua oountriee; that 
ia, aiaee the foot and pound had different valuea in the 
different oountriee, the number of fooHwunda in a 
ilia a m iii a nr n onn e i a rl lT Tarlml Theae valuea wen given 
lo the neareat round number, and hence the equivalenoe 
to the Engtirii horae-power waa only appnzbnate, the 
value averaging about 1 par eent amaller. Henee anae 
the diaenqianeiea ahown in Table I. 

Aft« tto metrio ayatem had oome into nae in Franao, 
Onmaay and Anatrla the valuea of the hone-power in 
the varioua oountriee wero redoeed to Idlogrammemetwa 
ptf aeoMul, with the reaulta ahown in the table. The 
valuea range from 7S to 70 Ulogrammometen per aeoond, 
averaging only a lltUe more than 7fi. Henoe, thia round 
vahta, 7S, haa bean adopted generally on the Continent 
aa the value of the horae-power. 

The Kn^iah value, 600 foot-pounda per aeoond, la, 
howevwr, euuivalent to 70.041 Idlogramme-metera por 
eeeond, and henoe It if that there ia a dUferenoe of nearly 
1 6 per eent between the value genotally uaed in Engluih 
and piaethw and that need in oontlnental 

pcaatiee. Reduoad to watU, the EngUah horae-power 
ia gnarally taken aa 740 watte, although the premaa 
equivalent, in watte, of 560 foot-pounda par aeoond de- 
panHa ott the aoeeteration of gravity, nod henoe on the 
and altitude. Thia la dlaouafed fully below. 

It ia unfortunate that the value of the horae-power 
on the Continent of Eukhjo waa not taken m 7b kilo, 
gramma-meten per aeoond inataad of 76, in order that 
it might agree with the EngUah value, aa waa originaUy 
intMided. It b perfaapa unUkety that a ehange to 76 
uould now be made, or that an agreement oould be 
naebed by whloh the oontlnental and the EngUah hone- 
power would ootreipond to the fame number of watta. 
It b to aome eitmit enatomary fm oonlinental writen 
to dbtlBgubh the two horre-powen by the worda 
■■BnjHA" ud "metrio." We ahall oall the bttar the 
“eontinantal bone-power." Thua, Qerman wrltera apeak 
of tha "Bnglbohe Pferdaotl^" and the "metriaohe 
Ffirdeftarke." The teem “Pferdoittrka" b now the 
pitfatred name for the hone-power In Oermany, the 
old torn “Ptadekraft" bring unauitabta beoauae "Kraft" 
••fbtee." Bimilariy, in Tranee, the old term 
do oberal" haa been glvan up for "obaval-vapeur." 
Than b another unit of power wfaMi haa bean uaed In 
BttfMM, the "ponoobt," or 100 kUogramme^eten per 
.rt "* Thb unit wai named In honor of Joan Vbtor 
Poaariat, who introdueed the teaohlng of Unemarioa 
at the Socboaiia in 1838. Thb unit wu adopted in 
ffiHwa Shortly brion 1840, aoending to O. F. Fewbd.' 

It waa adopted aa a nalt of pawn in 1880 by the "Congi4i 

da mfohankiM appUqpfe." Ib uae b 
atm pwtaittad in tha elaetrieal ngnlattoaa bfuad by the 
"Aaaoriatlaa dae Piopridtalref d'AppIrrib 


peaMba.** Thb b probably due in part to the feat that 

tha luafaiinaii bid lo ffttn a hidd aa tha nnlt of power, 

folllaSSratu“ 

betbn w ttai hma-power whan the latter b rigidly 
dM M a enlZ^minbn of tooWbunda or Idlo- 
tianibn wall pn feeand, via., that tho power it re- 
pieaMMnvwibaffo«pheafoP»»«?-_ 


BHSr«Si25ea WiatnMm Ti »•«). ». eats ub 

SZaLtSISETaa bamam tBUtbaan, IMO). 


■QuiviLaim or na anauan and AwnaioAN uoau- 
rowiiu 

It b poaribb to define the Imrae-pow e r in ineh a way 
that the velue determined hy Jamee Watt will be eon- 
tinued and yet tha unit will reprennt lib aaew rote ol all 
ploeM. The convenient and frequently uaed equivabnt, 
740 watb, tuqipeoa to be equal to the rate of work ea- 
preeaed by 560 loeal foot-pounda per aeeond at SO dtgrttt 
UUUwU and tut lead, neeriy the latitude of London, 
where Watt'i original exp^menti to determine the 
hone-power were made. The bone-power ia therefore 
taken to be equal to the definite amount of power, 740 
watb, and in oonaequenee the nnmber of foot-pounda 
per eeeond eorreapondlng to 1 hone-pownr vanea with 
the value of g. The number of atandard" fool-poimda 
per eeeond in a hatae-pow« - 660.22. The fame rate 
of work ia expreiaed by a larger number of foot-pounda 
per aeonud in lower btitadei and higher altitudee, where 
the forae of gravity b leia, and by a amaller number of 
foot-pounda per eoeond in higher btlludea where tho 
forae of gravity b greater. Tabb 2 givea the number 
of foot-pounda per aeoond in a horao-power at vanoua 
Utitudee and altitudee. The value of g at aea level la 
obtained from tha formub previoualy given. The 
ehange with altitude la oaleubted from the ruireetion 
to the value of g, vn., -0.001)192 per meter uluvaliun. 
The number given in the table for 46 degreea and aea 
level b 660.34; the fact that it differs from the numlier 
of "atandard” foot^unds per second, above, empha- 
eixes again the foot that tho standard valuu of g duos not 
eorrespond quite exaotly lo 46 degrees and sea level. 



The foregoing table may be put in the following ap¬ 
proximate form for eoae of remembering: 



The value of tho EngUah bone-power may also be 
given in metrio units for various btitudes and altitudes, 
aa folbwf: 


'**'" **'^ iI£b re 



proper value of the horse-power in gravitation measure 
(rithw foot-pounds or kilognunme-meten per awiond) 
for any btitude and altitude. 

aqnivALiNn or tub coNTiMaNTAi. BousB-rowEB. 

The oontlnental hone-power b gennally given olther 
aa 76 kUogramme-metm per second or as 730 watb. 
Tbeao two equivalents are independent definitions and 
are Ukriy to oauie oonfurion unit** one of them b as- 
signed to loma definite plaoe on the earth’s surfaco. As 
pointed out in the preoedug aeotlons of thb olreular, 
the unit, to be definite, should ropreient the asme rate 
of work at all pboei. The oontinental hone-power, 
then, ihould be takan m 730 watte, which b equivabnt 
to 76 local IdlogrammaunetMS per aeeond at btitude 62 
degreea 80 minutee, or Beriin. The number of kib- 
pwBune-mston per leaond expreming thb amount of 
power wUl be than 76 at more northern latitudue 

and brgor at lower bUtudea. The vohiee at vanoua 
latitudes at aea bvri are given in Tabb 5; 


TAUa 



w The vriasiglvaB b lhaii teUm •upwmde them ilvm b tee 

■wtedWbs at abriwriif.wMm wan nebnlilaiiroms rightly 

dMmatveb iet g, T^eg riarimtasril b tMadtoub r br Uw 


CUMCAUaiONS. 

It b eonsldered derirabb that the aratt and kUowatt 
be uaed ae the unite of power, whenever pomlbb, for all 
kindc of soientiflo, engineering, and otiior work It b 
not unhkely that the nmt of hone-power will ultiniatriy 
go out of nee. In the meantime, however, it la deriimble 
that lU driBniUon be uniform. Thb olreular has been 
amtten to point out that if the hone-poarar b to represent 
tha sums amount of potptr at (hffennt plaeaa its rebtiun 
to the watt must be a eonstant nnmber, and the number 
of local foot-pounda or lalogramme-metfin per senond 
which It repreaente must vary from place to place. Table 
2 and others of thb olreular show eleariy this variation 
with localily. 

It might be fnared that aome oonfuiion oould anse 
became of the mdopondont doOnitlfins of the mechauieal 
watt and the "international" eloetneal watt. The wait 
and kibwatt are defined pnmanly m purely roeehoniral 
terma, and not ricctrioally at all. That they have been 
used mainly in eloolro-teohniual work is merely loaidiinta] 
and is due to the fact that they are metrio unite and so 
fit in natunsUy with the motrb umta m which all obe- 
tnoal quantities sre unii’umliy exproiwl. Any Und 
of power may properly be measured in kUowatte. For 
exampb, m the ease of the hydraulio power furnished by 
a flowing slrnain, the power is given in kUowatte by 
multiplying 0.163 into the preduot of the head in meters 
by the flow m oubio meters per minute; the power is 
hkewisu given m kibsratte by multiplying 0.0001RH into 
the product of tho head m foot by the flow m galbns ptw 
minute. The watt is defined direetly in terms of tho 
fundamental unite of mass, longtii, and timo, in tho 
“meter-kilogramme-eecond" system, thus; "Tho watt is 
the power devebped by the action, with a velocity of 

1 meter per scoond, of a toroe capable of giving to a mam 
of 1 blogramme b one seoond a veboity of 1 muter per 
second.” The “mternational watt,” however, b defined 
in terms of punorete eleetrical standards, whbh dootrieal 
standards ropresont praelieally, sa nearly as the limlta- 
tions of exponmont slbw, tho alisolnte eleotrical quanti¬ 
ties m terms of their tlieorelioal rebtioni to length, mass, 
and tune. Tho international watt tbia defined is the 
ebsoet eonoreto realisation of the theoretioal absolute 
or meehameal watt which we have. We can not at the 
preaent tune say whether the mternational watt is greater 
or lesH than the absolute or meobauiori watt, hut tho 
differenia is probably not greater than a few parte in 
10,000. Consequently, there b b rcsUily no oonfusbn 
between the meehanloal watt and the internationsU 
ebetneal watt, 

It is rtsmmmnnded that engmeenng sooletiee and other 
interosta conoerned roeognue the value of the "English 
and American borse-powoT” ss 740 watte (or 660 foot¬ 
pounds por soeond at 60 degrees btitude and sea level, 
approximately the btitude of London), empbylDg Tabb 

2 to obtain the value in foot-pounds per seoond at other 
pboee. It is hkewise leoominended that the value of 
the "oontinental horse-power” be taken uniformly ss 
730 watts (or 76 kilogranuno-meteni per seooiid at 
btitude 62 degree* 30 minutes, the btitude of Berlb), 
and that the value in kilograiiimu-itietera pur second 
at other places be obtained from such a tabb aa Tabb 6 
of tbs punulsr. 

It b probably not generally known that thoau values 
were adopted by a oonunittee of the BnUah Aswoiation 
for tho Advancement of Science b 1H73. Thu waa a 
oommitteo which rooommended the ogs system, and on 
It wero Sir W. Thomson, Carey Foster, Clerk Maxwell, 
J. D. Everett, and otiiers (B. A. Report 1873, p. 222). 
The oonunittee b its report said: "Ono horse-power is 
about three-fourths of on erg-ten per second. Mora 
nearly, it b 7 40 etg-ninea per second, and one foreo-do- 
oheval b 7.30 erg-mnea per second." (One erg-nine > 
100 watts). 

The Standards Committee of tlie American Iiutltate 
of Eleetrical Engineers adopted, on May lOth, lUI I, the 
foUowing rob, whbh wot inserted b the Stufiarduatbn 
Hubs of the Institute: 

"In view of the foot that a horso-power defined aa 
650 foot-pounds pw seoond repreaente a poww whbh 
voriei ilii^tiy with the btitude and altitude (from 743.3 
to 747.0 watte), and abo in view of the fact that different 
aulhontiee diffor aa to the preobe value of the horse¬ 
power m watte, the standards oommittee boa adopted 
740 watta as the value of the hone-power. The number 
of foot-pounds pn seoond to be taken os 1 bone-power 
b,tlierri(we,suohavriae at any given phoe of b equiva¬ 
lent to 740 watb; the number varies from 662 to 640 
foot-pounds par seeond, being 560 at 60 degraea latitude 
(London), and 660.6 at Washington. The Standards 
Committee, however, recommends that the kibwatt in- 
■teod of the horse-power be used generally m tho unit 
of power." 

The eama velue, 740 watb, b lued by the Bureau of 
Standards aa the esaot equivalent of the KngUsh and 
Amerloan bMae-power. The Bureau reoominenib the 
UM, whenever poailble, of the kibwatt instead of tho 
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The Rural School and the Hookworm Disease' ’ 

The Greatest Medium for the Spread of the Infection and the Most Important Protective Agtnef 

Inti fc Id 1 |j itofol aUoii u th»UnitedBUtci ohiMnnma^Iv till* thMbe*htttepeteudpnny tnn OiMri ^aotiuc IWtea plvvlatea MMiltttd th*«g|l«f 
end pertioularly m the Southera Htntes whan the the dieeeee but they etert to eehooi tide wurtn tai the ltdei rf wonie pMtehlti a VJjd 

prapundennoo of run) pupuUUon hM retarded enm The eehooi may be la a procreenva eammniuty the peeled that the pa ee ei t e vee tiU «bm of W***- 
mumly eonlnl of auiltaUoD realization of the beelth hooee may he painted and turmihed with patent deake Aboat the cute tfane Dr Ootendatti atniyiaf an 
heeie edu aUon hae been ilow Education in the and pertiape it baa leeured a oreditahto Ubraty Good lema diiaew wfafah had ewaad tta dMth o( malar 
loutbhaeadvan od rapidly amre the CiTil War and more heatme have bean pcorlded the ti|ht ooraea (Tom the men on the Bt O wth a rd Tunnei. dleeovmed fa the at* 
reoenUy the ninJ toho^ h>ve bad then* ah*rc in prognm rear and ovar the toft riwtahW r i d tb* pnpOi p wt ia p i taitOM of ooa of tin MUiil tMbm non VM IfAQO 
Yet ID thu development the empbaaiii haa pemutantly there M a driven wdl to eup^ water but then will he hookwonna _ 

beei on the H,hool an 1 tho teacher rather than on the no bubbhnc diinUbg fountain Wont of ah no pnvy Thm penelte known aa tha Old WoiU hookwmkn 
children to be edu ated Only recently have eduoaton haa bean provided 'nn puplU not havim a pnvy at and named Aakyleetene duedeeeie wne eemtngy n indhi 
turned theu attention to the phydoal onditMn of the h ime do not thmk of havinf one at eehooi eepeetelly ita raapoiuiUlKy for oertaia typee eC aiemln In NMhA 
avence eehooi child ai d in the eouth they have done dnop tha woodi and undergrowth are near the eehooi Europe demonmrattd. and eoeaearfal tr m t ment fm tho 
ao teigdy N««rii»n of the dweovety of the aooraiaiiely hotiea Hu South ehildm do not know theiy are m due ae e develqud Hie pteraUnae of hodkwenk dbtpee 
unportant part played by hookworm and allied dieeaeee footed they lue tha oonunon hlduig pounde with tha in tiu New World wai not, however, rarignlMlf tt 
u educational prognee or laek of progrew Hookworm other obildran Soon the whole eehooi grounde am ao muah Inter On NoVemher Mth, 1819 Met BaOv X 
diieau If in a eenae a epeoul problem but it n a apeeial heavily polluted that on damp dayi every pupfl iriu Aahfotd of the United Btataa Army M edlei l Owpa, 
proUan of luoh magmtude eileitiiig to laiga a eeotion goee iroimd harefooted wiU eontraet ground Itah while traetug anemia enppoaedly dne to iteraMten 
of our oo intiy aa to be a prutiui i of grave national and moreover thoae who play ball marhlea mumble- oaneed by the honienna In Ftoto She Ide ntW e d the 
ooDoem the-peg ete get their handa infested yaeOitiee for hookwonn aa the nal enoie of tiu wi deep read dbaeN. 

Hookworm dlaeaee le ono of the moat prevalent moet waehitig tha handa are not avulahte ao at luneh tone Ha however nppoaad tha panrfta fbnnd by him to 
ineidioualy harmf il an 1 meet oomplotely preventable they handle them food wHh foiled handa whloh are be the Old Wcrld type la UOB Dr 0 W Mha, ef 
dieeaeee known to man It rauiea human fuflatug and likely to he eontammated the United Btataa Pnhtts Health Servha, havhg Bmad 

eoononile weate altogether out of i ruportion to lU ap- In tl la way the puplhi at erh nd beeome Infeeted with (he aama dueaae fat the i o nth em etatae MentUad ita 
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parent death rate Many ille that have been attributed 
to mental and moral waakneu of whole bodiee of people 
are n w de&ntely known to be d e to title infeotion 
and (4irahle with lu cure lu eiad oat n la one of tha 
moat important and preeaing prohlems before the people 
of the aouthem 1 alf of the Umted Btatee and of other 
aemilropical and tropical landi Moreover the pro- 
greaa which hai been made m recent yeera oomidetely 
demonitratea at onee the vaet benefit both in termi of 
1 Oman happ new and mduitnal eSknecoy attendant on 
the etamping out of the d eeane and alao the complete 
adequacy m atampuig it out of pmfeotly almple ise- 
oautiona ptee nbod by tha moat primary rutee of health 
and ev«i of oommon decency Hieie u probably no 
other diaeaae which u lo well undentood u every detail 
and whioh earn be ao eatiafaotorily ezplained to a layman 
Nor u there any olhor widely pnvalent diaoaae agaimit 
which the lay community ean eo readily end eunly 
proteot itaelf by aimple precaullone Ita oonqueat w 
tually reaolvM itaelf mto a problem of poj ular education 
agauiBt aoil pidlution 

In combating hookworm d ie ee a e it hae been found that 
tho rural eehooi la the greateet medium tor the ipraad 
ofthemfeeti n and the moat uupwtantpeoteetivaageiioy 
■gauut t In eome ichoula inveaugalod the mfeo- 
Uon hue beon found to be 100 per oent—^ teenhar and 


tha eehooi ai an ezebmiga In a oomparativaly ahort 
time the premieea around tha homea of all the eehooi 
children an poDuted end we have the obenge wbuh 
anenua ptoduoaa oomlng over the onamnalty IVo- 
greaa of the ahUdren In aohool u retarded the dally at- 
tendanoe le poor the health of the eommnmty u be¬ 
low normal the erope an not ao waD ealtavated there w 
a general haekward tendeoey Hu hooeae an not eo 
wdl provided for or kept tha whde oonunuiuty u 
lick and doaen t know it the aeonomlo loae la tmnen 
doua 

It u through the rural mhool whmwe Uu infeell n 
haa come that the remedy mnat elao oome Hu nuea- 
uree neoeeeary for permanent ooutrol of hookworm die- 
eaao an hoiltii eupervleion beelth uutnietioii and 
perfeot eamtation The rural eehooi oen aid in health 
eupervmon it ean aupplenunt end drive home health 
inilrnotioD and above aU it een taaoh good health and 
eteen Uvliig by being itaelf a model of eenltetwii for 
the community 

Hookworm dlieaae Uke typhoid fever la due to eere- 
ieaa diqMaal of human ecoreta. Onoe aeboob and 
dweiUnge in country dietncti an provided with aanitacy 
prlvui of one type er another then will he littie danger 


oauM ae • dillment apaoiaa of worm now known aa tho 
New World type or ATeeafer Aieaneaiw It wee tiun 
diieoverad that (ha warn found m Porto wee of 
thu epeeieB Sobaaqaant dbeovery of Ihfa aama wmm 

aa the eenao of enema emong the viehma of tho Abiena 
low laada nioeato that the eiMnllad New type 
ma brought to Porto Buo and tha eentbim etetm by 
the alave trade It elao pnveile In India, aad haa bean 
eprend In teouien, Trinidnd end BritUi Ookuin by (ha 
Hindn eaobea brougU thmo aa lahataio 
In the United Btatee the dheaaa h found thnughont 
tha atatea aonth of the Fotomae and Ohio Rlvnn In 
Arkeiwea Mnaoen Olrtahoma, and Ikna and elao 
m Cahbrnin lU proveleiue and levetity vary widely 
within a etato and even m a eouty In eome loeabtiae 
lem than I per emt of the people hang mfeeted, end in 
othan more than 90 par cent. GeMceUy epaohl^ the 
henvuetinfOctMau found on the bgkt aandy mE gf tho 
eeaatal plame the hghtate InfOelwn on the etifi; ei^ 
Nfl of the Fiadmoat regwn, end aa tateraadiate WkO' 
ttenaaoiifliufoothllteeadiiiimiiteni ItlipMlMy 
a dueaae ef the igiieidtaeBl dMete, lAIeh am be fa 
enpbln the kmg pntefiig lack of ph yi iwl end Indll ii 
tiul vigac to he noted eanu iHie ehwne of oaoBle in 


from hookworm 


what ought to ha one of the heelthteet aad noat ptw 


Infeotion by mtaetoul paraaitea la by no auana eon- perene eaetlaw td the eoutey 


every iu)da vwbmot tiudueaie Raoorda of Uu iiu^ 
\ey ehow aa avenge tnfeoiMm among rural ehUdran of 
eehooi age tor whole oountiee running aa Uifii ae 70 to 
eo per cent Fhe general avenge for all the ohildren 
Clammed to dale u 40 per oent of mfaotion 
It eeldom realuad to what actant the eohcol m rural 
dutneto aide In epteadug the infeetion Bnppoaa we 
take a oartaln eehooi dutrwt m which by ■Own— ng 
infection acuta Hu eon aad danghter of Mr Smith 
viBt Mr Jonas who hves in a dutnet where then u 
much hookwonn du e aae While then ftmte or alnw^i 
hemce are picked off the ground by the Bmitiu and eaten 
ud pmhape in gomg harefootod growMl Itch the 
begummg of lUn mtaetion u oontneted Hu vult 
over the Smltha return home Having no eenltary 
pnvy on their premiau the foil around their hnmn h 
aoowpidhitad ao that one by mu the whole temily be- 
oomee infeoted m varytag degreea of aevedty IkO 
oonua and the nei^iborhood eehooi opeoe. Hbe fltolth 


fined (0 the aonth It» world wide la Ita d letrilmti oo HtptnMauBtofbwkvqnadlewtelBArite^teAttV 
It la moat pnvelant m the teoptael aad eeanl Iropleal SpaenaBlteandlhymilMetheEniiOWid Huohdeet 
eovntna iriun it u a proUem of gnat augutode dteM n to olMa the omtoas aad bed aecthte ftem 
Of the total popolatwn of the ^obe—ehont 1900 000 000 lalteliiiil taut, ho that (he werme tettl heggpoeed 

people in ronad anmben—about OdOOOOjOOO Hvs in to the eetiea of the thyiul. lUi b rTulmnMiid 
eoantelm where hookworm dlseaae is prevalent la tha adwebalNB at light d a dorf lUma. kAa 
the miameeeopio ecammatlMu of tha atoob of pmsaw Oi aeat ablbiit at 0A.K ote^uX fETStee ef 
tic typea of iateatiaal peraeitee have bean found m ,tk|pieal b eapadaeu gteaei, atbXV theplbte heM 
aalDebat beqMBoy to reader saeh OM worthy of oou, b|liea.muiet 10 A,M atMoad de» ef Mate Mite 
tidentkm. but (he eempaign in the eooth has bsia bpitia. Baviagobeaedtheauteotblmi aS^^ 
dimted ptimarOy agelaat the bookworm beaeote H b watted tte fh|t^ eeteduedb kb It pt^ 

the moat hapoetaai, end by far the mote pimbat Aleobd tad oOe qn fife fhs»dv aitirte 

ofthegniqi etiuafiMtr dawteobefiteoUhted lliitetibirMM 

Hookworm dbten b not new It b only aawly by Ibe petiteti. Gwey, baltah mt, eteit jm4 ■wkf 
undentood Tte^toplomi of the dbw wen da- be 

oeate wae not known. Hu baokwortaUuK w db. jSKyg? ■!!?*"!: 
oovered m 1888 by Dr Angtle Ddttap. aa Itelba. beteftmthatemtalbe 

who wkdenekiiiraaeatopv (dmdtUM#bUte MM 

warm wMi tie hted Mated la Ihamiarteiai of ae wart »--- c. 
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Bl Wi » «iA aM«nai& tlwt Mr. Jolm 

D. ft»5ii Wl w IM ihMp ft MdttM Mm to be o»d 
iB««IM«ft«<*iaQlbeelnNn>4lHftW l^lmtauj 
igia, ft ftOftiiirfHlni to i i p Mi l o( edoMton, doeton 
•ad mm of aftliewa ntwtMfam tne fanud 

tad attl« WN epnid fa WMblBgloa br the adinliib. 

tffatiiifewtfanr. 'navattMthkeomaiirfoii.ftliieh 


mIM ttfafafalsB M «N fadfatfoa and to mOe ft 
nilabfk fatbafa tt fat da|iM of fafaetloa for aMh fa- 
feeted Hfaftl W to «m l*ftwt nSem; end (3) to re- 
novft thftiofttot M udwlfan by ttoppiiit sod poUndon 

Tbo Mftfa «M odo^led M Um wdt of ottuiiation 
•ad g( woifa It vfti lacuded u timduMntal, fa the 
iDlMl both a( ooGooBy ead eOelnar. that the work 
bo taw w ta W poftjde throoch •aenoiei 

Bod),ilftfa bod Iti oini iQfaiai of pabUe bwath. tti own 
lyrtiB «l OwdMd pwdMiw. Ito own otBufaed pnUio 
prat, Ito own ■y rtra of pobbe Mhoob Tbeto four 
taadtawfttab tad m hoot of otar afeata were randy 
for ta fa td n aU fa g ta peqpU Thra nwtitotioiia 
wan noted fa tbo Hb end tnditloiia of the poopla, 
to totat fain amaMa fa the aeconpUahsMet of 
tha talk ww to fauna fae pannaaenoy of faa work 
from fto b uCnnfa t Tha andientlon of tUi duaaM, 
manorari wao ft wocfc wbleih no outaide acanry 
workfaB tedmtBdaaUy oonld do for faa people If it 
woaU, and oaa. whlah ao ootoida aeaaoy ihoold do If 
It aoold. It wu noognfaod that an ontaida agenoy oaa 
bn hdpfnl ofay fa ao fiar aa It aida the Stotai fa ocgaair- 
log tad briaafm fato notiTlty than own fbmaa In 
fan « i^** fat aomitaloB raapondad to mrltobona from 
Btota bofwda of bnifa to oo-opanta fa onaaifang fae 
wocfc fa faoao Stotaa fa nUah wMaapnad fataotton 

In tba 11 Btatto fam fanttag oo-op«Btum a Stote 
diiaatacof aafatottonwaaappomted by thayant nation 
of fat Btoito pnbHa hnlth nnfaifatMa and fan Roekn- 
hOar Italtiiy Onwimfcfaon . Tba State dmetor la n 
State otaW. aa otaar of tha State dapartmnnt of hnfafa 
olofaad wifa an faa powara and cm MudbibtiM balong- 
ing to ftiak poattUb Bo b fao otganbing and diraet- 
tng h^of fao whota wocfc for tba andlantion of hook- 
woRB dbaan b hb State and b raaponfaUo for tba 
efSatatolr ol fao aanrbe Oa woric b daw under fao 
niparaMoaof fao State department of hefath, ha raporti 
qoartifay to fao State ditarttoant aifa tha oomaiiiMion 1 

Unte faa dbaot anpenrUon of eaeh State dbaetor 
of aanltetlon b ft foraa of Said dmotan of anmtation 
Tbam SaU mepaetori are nomuintad by fao State dirao. 
tor and eoBSrmad by faa joint nefam of the State depart- 
inant of hatofa and tha oornimawm Tbeaa uupectoni 
ooMtttote an ambabBt aarrba and darote faeir whob 
tana to wocfc fa fae Sold It la thaea flaM dira(>tora who 
datacnfai far gaagcHdiMal dhteRratioii and degree of 
mfaetloB, triio dotmua fao aamtary eondltuna ra- 
aponalbto tor tba praaanaa and apiaad of fae diaaaH 
They acilwt fao o»«pacafa» of faa phyaMana hi ourlng 
the eaSenra, pconda far fao treataient of faa indigent 
naqioat ifaoob, watraot tha teaohen, enliat fae proas, 
and, by loatnias, damonstoatfaiii, and peraonal eon- 
fcraaaa, teiMb fao poopla fae hnportanae of getting aU 
fafaeted pvioiu OQiad and how to pcmrant faa ipread of 
fae dbaaao by pafang ft stop to aod pottntKm. 

Ae ft dftlntto ‘Meg’"*** of bookwotm di aaaae requirei 
a ndicaaaopte aftaadafttlaft of the pabant’a stool eaeh 
State hftft ft facaft of tnfawd miaraeopaeta whole whob 
fana b glm to faft eiamhiitinn of speounoM roeeired 
Thb ndacoftoopb facee b atatamftd ot faa State labora- 
tocy aid hi faa Said. In the latter sasa working with fae 
Said dfcMoter . 

TIm taoct aflietha taaahnig, whafaar of phyaunana, 
of aditen. ot aihool ofSebta and taaohaca, or of tha peopb, 
b by diBMatntloB. 'nw ehbt igenay in fan danoa- 

iiiHiiiiiiiiriiMr^ 

ataV ot Aa State board of kaalfa. Tha dtaeaiary in 
ft aa gmn ttai ta n Bf * to 8 wtehn. 

1b idhtawiita bMy. tha tai ot fao week baa bean 

U «a AfaMWtfate to Aa poopla in aaah of tha 11 
Slftigi tAna waA hiB baan tadtctokan ftat hookwerai 
tatatobftMA^ fafttlt b ft tiilou bandbiV, and that 
ItbtaMilpjfadp iw teS frtt a 

^ taba an M aatitn taitcB Ant wtt gtra a 
itAltA AAiWto ^ Aft dtpto <d fafattta te 

(k flp'AftbftsSifttllaAftnriPta'whtafaBaihowfar 
A ib SAto Aft oandtAwa of aoO poOwfam 
-d tated of 


idlllta by betara. 
ItlWocteBM to Aa 
tllAftAWitftndfao 
lAAtoMosbtwAo 


diaaaaa ■ treated, how the Infaotwn la ipnad, and how 
it aan ha prerantad 

6 To teach fae praetiaing phyaMana of fao State 
how to diagnose the dueaaa and bow to treat It totengh 
them the importanne of making aamination for in¬ 
testinal paraeltaa a regular part of roatine mamination 
of all patienta 

8 To get erary medleal lohool in the State to mako 
provlaion for deflnito Initruotion in tlw diagnoaia and 
treatmont of Inteatmat parailtei to bo given to all 
itndanta aa a requIremeDt for graduation 

7 To eobat the praaaot the State m fao work 

8 To eee that fae teaching ot fae dangwa of nil 
pollution eod how to pnvent eod pollution la made a 
tegular part ot the uutrnotion given to tha pabhe nhoob 

0 To meka at baat one aomptete commnnity demon- 
•tration, to eebet a rural aommonity where fae infeo- 
tion b raaeonably heavy to get every perion enmined 
get every infeotod person ouied get aoil poUulion 
stopped then taQ the peopb of the State fae story ot 
how fall oommnnity has eiadioated hookwwm diaoaae 

10 And, if pomibb, to help by fae foundation of a 
eoonty and oommnnity health wrvioa that will m the 
and take ears of hookwonn infection and all other 

Raeently meaauna have been talnm when fao d» 
penaanea have dona thair work thoion^ily to toUow 
fae next logioal atop in fan diraetion of permanant eon- 
trol of health oonditiona In Ktnfa Carohna the State 
board of health has aeoured tor a number ot oountin 
■ad oommunitiea fullrtime health offleen who In add! 
tion to Siting bookwoRtt diecaMs will do other needed 
health vrork Initoad of aebetmg a oonnty and spend¬ 
ing a abort tame theca—fae dtspenaary method-the 
board now haa fuD-tiina men employed who nan remain 
until every caaa ot hookworm dlaeaae la treated aod onred 
In addition to fail lanltary arraagemonta are being 
inatitatad for ovary home m fae oommnnity, with a view 
to prave ntan g hookworm diwaae, typhoid tevm and all 
ofaer dia aaae a doe to aoil pdlutaon 

Co-oparataon betwaaa tte State departmente of health 
and adnoataon haa bean one of fae moat hopeful ngtii 
ot program m fae movement for eommunity oontrol of 
haalfa oondiUoni In no Md baa faia no-operation boon 
mota praotMal or afleetivo than m the work for fao 
aradioatian of hookworm dieeaee The aohodl anthori- 
tiea have fnrfaecad m every way poambb fae eAorta of 
tha State health authontioa in fae vanoue itapa of lu^ 
vay, aura, and pravention 

In aoma of the Statoa notably VIrgmia, Korth Caro¬ 
lina Alabama and Kantueky faa alliaaco baa been 
partloubrly oloae The State health aofaontiea have 
funuihed buUetina on puUio haalfa espeeially adapted 
to uia m the echoob aod fae State aohool anthuntiM 
have diatnbntod theae taulletloi ot infonnation to all 
faa sohoota m faa States 

Alahama has a apoeially prepared teacher ■ bulbtm 
for use In fae lohooli ot the State, with an introdui (ory 
note by faa State dneetor of oampaign against the 
hookworm diaeaae m fao State 

Kentaieky b another State where epeeial balbtnis 
on health aubjaoti have bean prepared by fae State 
board of health at fae axprem requeat of the State 
adneatlonal anfaentua 

In ArknniM State Supt Gborga B Cook repwtn 
that tha State department of pnUio initruotion haa 
been very eloaely idantifled with faa work of the Rck ke- 
falbr Sanitary Comnuafam imoe tha nork ww flnt 
taken up In that State and that hu department u aho 
eo-oparating to tba fuUaat extant with the State board 
of health 

T--. whib not OM of the Btataa when hookwonn 
diaeaae b a problem oflm a good uampb of State 
wide health taaohlng in country aohoota In the new 
eouna of study bailed for uae m all tha rural aehuob 
of faa State, ipaebl atraa u bid upon laiutation and 
haalth-aonierviiHC aganoba m fanend 

In raportiiv on health teaehliig in Loniabna Htato 
Supt Hama mentuiiapartMilarly fae work of fae State 
board of health m oo-opmatkm with Ae Soelcafelbr 
Saidtey ConmdaAm, Ae lent that whib 

aiigi«ad In the work of ananiniag and traadiig lehool 
eUldra and taaeban “they gha a great dad of la 
alCiietion in other Bnaa ot heal A ” 

In Mraaripp) • vahiaUe hnlA work that mawia 
mooh fbr Aa hookworiB anaada aa waO w for avary 
oite pwftlva movamaftt fee good healA b faa 
wocfc of the State aebeol Improvament aawelatimia 
By maaaa of Aim m m lat bm t, woriong Aroi«h the 
State depacteMBt of adnoation, a apeebl “aban-ap and 
baantUy day" Ima iwn obamvsd by at bast 3,000 
■Jmmj. and intniir~H1‘*' at tha doaa of sahool in the 

nriig and again at Aa opmdng in the faD On thwe 

daya tlw eonntcy paopb bA wiA Aa teaelwr to put 
AA Mliooh fa MBlfaiT eoaUtWB aad mka Aam as 

It b tba isMcal tasttaumy ot Aoie who have in- 
.1 that tha niBl Mhod 

iHcSnSfatateto^ 


avarage farm dwelling of tha oommumty it aervea 
Certamly in respeot to aamtary faeOitiea it hw bean a 
dbgiaee to Amenean uviliiation Recently, howavw, 
much haa been done toward makng tha aohool houao 
aad gronuda in the country what they should evw be— 
a real model for fae eommunity to follow In Statoa 
where the rural movement ta at ita best partioular at- 
tonbon b paid to the two fundamentab of water rapply 
and lanltaiy pnviea 

No piubkm la of more rundameutal important to 
rural life than faat of dupoaliig adequately of human 
exerpment It hw been ropMtedly staled m thb bul¬ 
letin that hookworm diseam would be fanposuble with¬ 
out sod pollution and soil poUutian b direetly due to 
fao laok of sanitary privies TbeontbaDy the nmedy 
for soil poUiibon u simple aad should be provided with 
enfausiwm ovorywherp in fao oountry at every farm,- 
house and at every school PraotioaUy ib appliratwn 
II very diffloult Ingrained habits must be obaaged 
and to aoeomphih thia raqium faat people be edueatad 
out of fae present nnoivili/ed rustom to the point where 
they will gladly devote the neecssary tune and money 
for the oonitiuetion and use of sanitary faeilitiM for 
mghi-aod disposal in other words sanitary |in\ii a 

Modd Target Rugea in Belginm 

A nw jeara ago the Helgbn mlllbry engineering 
corpu nndertook aimie Interesting work In rplnfoieed 
concrete nmvtrnetlon at the time of laying out the new 
rifle ranges at OiitetiA Tbb locality b now coveted by 
the present war operations In Helgium The flrlng 
gronnds were Intended to be s modf4 pstabllahment and 
a noipl point waa the axteudve use ot flrlng waUa or 
backing for the targets bnllt of telnfaroed eonereto and 
ranging from <10 to TO feet high Snch a system bad 
already been i«t In use In Swltierland and other plara 
to a limited extent and owing to the valuabte qnalltles 
of iplnforced eonerate for thla ebas of work it waa de¬ 
cided to go into the prevent conatniLtlon on a mneh 
larger scale than had been beretotore seen Flans tor 
the complete flrlng ground st Ostend called for tonr 
flrlng llnps at MO feet range four Iln« at 600 feet, live 
at 1OOO feet tour at 1830 feet three at 16fi0 feet and 
two at iOOO fret range tbb being as alll be seen quite 
an extenslre bvoot all these flrlng Hnea to be pro¬ 
vided with eboronotomatlc targets ot the Bremer 
tipp which give an sntonuitb record of the fliing 
pnlntn Ilowcver only s |sir1 of tbb programme was 
carried out during the flint part of the work to whirti 
our obtalnnhb InfirmatloD has refennee Tn the same 
wav the slipitpr fir the Hrlng men is temporarily built 
ot wood lined with canvas In order to deaden the 
■ound The flixiring of thb "hid ernstmctlon b built 
CO plloH so ns to ralae it somr It fe«t slwve the ground 
hvil Tho plans call fur a t (al lingth ot TTO feet for 
thla part of the w irk Proilainn Is also nude for 
pistol flrlng as sen ss for c inbtned flrlng tv squads 
and olhi r (pcmtlons Taking Ihe case of the i 000 foot 
miigp at an cvamile the flrlng walb placed opposite 
tbo stand and boldliii. tbe targets aro built as live 
sppamtp walls with speno between Such walb are of 
fat surface In front except for various niches to hold 
tbe targets aa well aa suitable protecting parts of 
which the detalb are not given The wail haa about 
7 Inch tbteknew In itself but ta greatly reinforced by 
wi be In fae shape of buttr e w e a In the tear which start 
llnsh wllb tbe wall at the top and slant to the base so 
HM to iiroject no leaa than 10 feet or more at tbo groand 
level The walb vary in length and are either aquiro 
or oblong shape the buttresses on each of the walls 
being spaced at reaaonablj doae Intervals for tnatanco 
flvu of them per wall In some caaes lletallli. web rein 
fi rring on tbo treneb Henneblqne svstem b used here 
niid the surfaces which lie above ground rerelve an 
outer coating of cement mortar The present walla an> 

I ilcnlatMl to atand a uineh higher wind presnure than 
tbe hcevlpst tempests could produce and ate fans very 
safe in thla napect tbe broad base giving all the sta 
blUty needed For tbe 1 OOO-flxt tiring line the hrighta 
of the walb range from TO feet to 75 (pct 

Experience shown that reinforced cinirett walla of 
Ihb kind recelic but little damage froin the bullets but 
in the Ostend construction Ihe walb tbemselvps are 
proterted by mattresses ronabtlng of IM Inch pbnklng 
apaeed at R inches In front of the surface of the wan 
then fliltng In the apace with broken porphyry fragments 
of 114 to 2 Inchn in alae In France such pbnklng and 
flIHng b used alone for makbg up a back wan for flr 
Ing gronndi and It la fomid Ibat tho shot will not pene¬ 
trate It In any case ao that the Ostend eonstnietlon has 
an extra margin of aafety Holtable praeantlona have 
atao been taken to prevent gbndng of the bnllota from 
tbe targets or the walb. On tlia whole the prrant 
byoat ta a model one of Ita khid and ahowa another 
naefnl appMeatlon of retnfWead eonente It b not 
atatod wtiat haa baeama of tbe flrint gmnnda aiiiee tjie 
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The Defense of Belgium by Inundation 

Something of the History and Geography of the Flooded Region 

By P Salhor 


In All SSIII Ihi nipunii bunlenng un the North 8w 
hiiVH madi um of iniin Ulionii m • msMU of defonM 
\ftrr havins worki 1 fr r i nntunM to wrMt land from the 
SI 0 hv ■rtifli'ial •ffpiiriua Hitfium and nonaad olabn the 
n^ht >f rotuminx f >r thn momimt to the sraton the tem- 
t niH whiih they have won from them During the 
lift IM of Antwerp it proved impoenble for tiie diitnet 
that iiuld le lubmorged to yield the deeired nialta 
Dunng the baltlo of the Ykw however the aone of 
Nicuport and Oixmudi found mundathm a valuable 
nioana of ronataaie While the waisehipe of the AUiei 
dn w ntai the loaat to bombard the Oennaiw and bat 
tern H if artllk ry rained ihelU upon the dutnet the look 
galoe wore raiiml the dikea broken down at the right 
moral nt and the water flowed again over the laud en 
Unng the tnnnhiR of thi enemy and thui any farthw 
proRM M of the (li rmana sraa rondered impoeethle 
An mterealing aonount of Ihu heroio undertaldng U 
given by a smter m / a Stlwt who deaonbei tUe entire 
NM tiun of Belgium aa a ohamung regMn filled with ileepy 
old town! redolent of the pait p o ee nwing belfnee 
marketa old houaee and peaiiful oonventa of Beguinee 
having bnilgea airoaa the oanela anenatomed to quiet 
and tranquillity It wai ouatomary for travelera to 
go to Nionport to aee the nuimonala of danng eee men and 
the BumMUullnga of an old ee^iort to DIxmude to in 
apoi l the TDodloft of the ohurcb and the town hall to 
Yprca to eee the wondirfnl market-buUding and the 
belfry Along the coaat thire were aandy beaMhee at 
Niiuport Middelkerke Manakorke Uitend and Blank 
inhn^ho where ohildren were wont to play 
One liny eonUnuee our author the ewarau of an ad 
viraary fell upon thia ngion the oilua of wfaleh are no 
longer more than nami a an the map or heapa of rumi 
The fiM had two anna in vii w to drlvn hai k the loft wing 
of the Aline in order to reeume lU unending turning 
movimint and alao to advanoe bv way of Fumoa to 
the oapture of Uunlork wluoh onoo in ita handa would 
beeotue a baae for naval operationa agamat England 
loward the middle of Ot tobir thia attack by the enemy 
waa begun m the region between Nienport and La Bento 
and the operatiana were partioulariy violent at the out- 
Mt along the ooaat The Yaer River wbioh hai boon 
turned into a eanal makea a long bond botwomi Nieu 
port and Dixmudo and diiniig aeveral weeka ita banka 
wore the aoene of a violent atruggle The Belgian! very 
quukly eomprohendod the aid whuh the water eould 
give them Thcro wire fine loeka at Niouport that 
Baedeker had adviaod hia oompatnota to go aee aa maaU r 
pieoee eapeoially the loeka of the oanali of Brugea and 
Furnea aa w^ aa four othira that are noted on the ao- 
oumpanying map Bueoeanve uae waa made of there 
loaki and thui it waa that the Oerinan attaoka were 
pwgt e wvely forood back from the lower eouraee of the 
nver to the upper m proportion aa the watera roae and 
1 nomathed upon the lud on the left hank of the eanal 
Up to October Slat the moat aevwe attaoka of the foe 
wi re at Nieuporl and liombarUyde On October 2fnd 
when the water* reeehed Behoorbakke the troopa id the 
immy forced a paaaago for themaelvi-a at Torvaeta but 
were atopped three kilomoUn farther on at the railway 
line near Pervyao where one thouaand dead Uermana 
WI n found after a battle On November llth however 
a NiiMMa at laat threw mto their handa temporarily the 
ruina of Dixmude whinh had already been taken and 
ntakon wvetml timoa but even thia advantage did not 
< nable them to gam the left bank of the Yeer By the 
I nri uf November thanks to the aid of higher tidoi the 
inim iationa had extended over ao large a region that the 
knat Qorman iffort in which more than ISO QUO men 
are aai 1 to have fallen had to be abandoned and the 
altatka reported after this wire in a more southirlv 
linstiiii towards Ypn a Th< water has bw n seen ex 
tending from Niiupurt to thi immediate vuinitv of 
Ypm fliwingmita ourai through Sehoore Leke Dix 
imidi Hixs huoh and B lesiiigtu One result has been 
the laptun of hiai \ arlillerv sunk in the miry ground 
mar Kamscapelli where four large lamnon and two 
mortars srere galhired up out of the mud 
The present war is by no means the flrst time that this 
liatml has served aa a hattlefleld In 1488 Nienport 
waabeaitgedbvlheFnttoh In lOOOMaunoeof OrHite 
won a VHtory there over the Bpaaish and m 1658 the 
Bailli if lb Dunrn waa fought not fir from Nieapart 
m the duvfUon of Dunkuk when Turenne dsfeated 
1 nnei di Condi and Ihi Spaniards dnniig the oonrst 
of a lampaign not au dissimilar in Its luqipeiuiigi to the 
I vents that havi just taken plaee 

\t the period of this battle it should he reoaUed the 


Frenoh and the Sn^lah srsN allied as at the prssmit 
time The foraci of the enemy held GraveUiMe Dunkirk 
Berguee and Fumee The entire region aroond Dunkirk 
hnd been uiundated by them Notwithstanding ttds 
Turenne manhed txddly from C asae l to Betgues and 
following from the latter pUoe the only pmetleahle 
dike he renehed the dunre anth the intention of beriegmg 
D unkir k At thu moment Condi who had ooUeeted 
at Ypm the Bpamah gameona advaneed to meet him 
and WBS defeat^ June 14th 1668 Eleven days Inter 
Dunkuk eapitulated Thu wes followed by the o^turo 
of Bergnei Fuinee and Dumuide whuh waa talmn 
July 4th Gravidinei eurrendered on Auguat 80th and on 
Heptembsr JOth Tumnna entered Ypree 



In explaining the physual and hydiaube oondlUons 
(rf the region whuh permit thu method of defenre the 
writer says further 

If a topographioal map or what la bettor a map of 
the geological atrata of thu duUu t u aatmined it snll 
be leen that a bno of dunea tuna along the coaat bom 
Oinvehnei to Dunkirk Furaea and Nieuport There 
dunce are luutod into a monotonoua plain only broken 
by the alight devation near Berguee or Hondaeboote of 
uidnr alluvial formations and tiiiok beds of a elay called 
Flanders elay (of the alratifled formathm called Yprenan) 
whiPh vanee from a thioknees of 140 metere alOetend 
to 80 metere at Dunkirk 

la traveraiDg this ooontry starting from the coast 
there flrst appear* a low sandy shore a large expanse 
of whioh u expoeed at each turn ol the tide fhen 
when a northweet wind blowi the sand u pushed toward 
the cKwat dunea are funned and alamys owing to the 
samo influence there dunes adynnae inland while the 
sea attaoks them behind East of Dunkirk the dunee 
move forwnrd more than i meters a year It u the 


ragwa of the teadeDduud landaeapai whioh ttwpifater 
Casm loved to uae ae a background fM PniesHmaa. saeiiea. 
The strip ak»g the eoait formed by these dnaea is oaly 
broken by the n^the of stieaau of smaO importansa 
These rlvermouths are haUtnatly rimt by teek- g a t ea 
that an oaly t^ened at low tida when tllutr dUdiHio 
oan take plaoe 

The plain baok of the dunea b oompooed ef a elngf, 
whitish from the admixtare of tsreehclla at tunee a 
peaty lubeoil u found below thu elay A lay« of peat, 
which is of ten a metar tUok nnderiies thu elay at abont 
tha merldlsii of Dunkirk Broken and Teeumbant tnes 
in aeattered imgulariy Guon^ theee strata. Iannm> 
enble eannls and tbew subdivlahma wind throngh tUs 
elayay plam which eontauu many stretehei of vardaat 

The entire region baa besn wrested foot by foot from 
the na and is Uka the Netherlaads. of wUeh it n a 
oontaniiation a marvd of human Ingenuity 

The genetal levri of the plain u in faot 060 meter 
below hi^ water and in eastaln depnarions called 
nuMNi It fans to 160 meter below hi^ water In 
order to form the polden or tiaots of reolaimed land it 
hai ben neoeasaty to riittt off the tea gradually by dikee 
oioaaed by drainage eannli and to estabtuh gataa to 
legnlato the flow of the wat« by pfeventing Ita dlMhange 
exenthig at low ttdee Although this worii of ounquant 
waa begun many ontuiiee ago then stiU mdstod lA the 
begmmiig of the Iflth entnry a large number of salt 
lakes uhioh have been drained off one after the other 
the moeros during the 17th century the nltpJahee of 
Lannee Robelin and Taaf during tiie ISth edlihry 

Itu coneequeatly very easy laye toe wntar in sam> 
mug up to understand the method of defeeue that hM 
been employod In ordinary tinwc the gatee an elosed 
when tho sea neai It the prooednie w nvaned the 
rising tide ponetntes the regira by means of the entire 
oompboated network of eannls shown on tiie mmp and 
the elosed gatee will prevent it ftom flowing off while 
retaining tlso the fresh water If a poson knows how 
to make ure of the highest Udw more than a meter in 
hngfat over the level of mean tide can be gamed By 
breaking the dikoe at suitable potots one or another 
seotiDn of the eountcy ean bo inundated as the sm* 
bsnkmentiofarsilwayoraf arosdformugadsffl The 
abihty to use the locks is a flue art but the low dhtnots 
of Belgium have like the Dutoh old experts who have 
been trained by long expenanee ud who know all the 
tnoks cf the trade It u laid that the eombinatwn by 
means of which the Osman trenehes wen submsqied 
while the Belgian tienobea were pruCeetod for a sufltoient 
length of tune ii due to ime of theee men The map 
shows the extent of eountry liable to inundation, whwh 
moludee almoet the entire tnangte of Dixmode Nieuport 
andFumes To tile east and south of Dixmude the sands 
and eiays of tha Ypresun period are on a httla higher 
level which proteets them from the Invaaon of the eea 
The Offmans have tned in vam to stop the mnndabon 
or to orore over it by meane of lafts They have bean 
compelled to seek another ronto with httla suneeai 
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Deformation of the Earth by the Moon* 

Methods of Solving the Problem and Its Difficulties 

By Otto Klotz 


Ih ditptor YI of “The Tidoi' by Sb Qeraie Derwin 
he dienuMee the defleetton of the vertMal by the tido- 
lenenUaR fone of the noon In 1879 in oonjimotion 
with hie brotfaec Honoe, he Mtempted to meerore the 
atieraeeopio inovcBient of e pendulum under the influenae 
of the lunnr nttmetion The diAcmltiaii oneountend 
' led ue to ehnnrton our nttempted meeiuremont end to 
eonolnde thet ell endenvon In thnt diroLtion wve doomed 
to temnin fenvar frnitleaa I ean but hope that n fnln 
flentlon of our foreeHt by M Bhlcrt and by othin may 
be eonfirmed ’ Thii hi the eondudmc paragraph in 
thatehiU>ter and the fofeeeet ae we know haebeendie- 
proved flietby theobeervationof Heekur later by Orlov 
Miehabon and othen 

It ^ earth were perfeotiv plaatw then there would be 
no winarin tidee relative to the land for both would be 
deformed equally and tide gagcii would roeord no tielng 
or falUngef the water Otherwise, if the wrth were pir 
feetly ngid then we would have the greateet iffeit of 
ueeanie tidea bv the lunar attraollon As the earth 
oooupui a eondltlon Intomediate lx lw« n prrfeot plasii 
iity and perfect rigidity, the oiian tid<i arooonmderulilv 
modiBed thereby Darwin gives the lutrnmty of tiu 
maximum honiontal forae due to the moon compand 
with gravity as 1 to 11660 000 As u aeon this is 
a verv email quantity and the difik ulty of observing or 
delermimiig it h manifest 

We will attempt to givo an nlem> nlary exposition iif 
observing the effect of lunar attm tinn in the solid i arth 
be means of the horuontel pendulum and evaluating the 
reoorded results In oulhue the honionlal p< ndtilum is 
iimidy a bob supported at one end of a horuonlal liuoiii 
the other end bong movable at a stoil pumt resting m 
an agate cup while flne wme support the bob from a 
punt on a vertioal fud Now this lattsr point is nut 
quite vcrtkalty above the lowor point and therein Iks 
the merit of the hon/outal pendulum If the axis of 
rotation were vertioel then the pinilulum would uot 
oeniUate when duplaoad from any piiMUon it might 
oneupy However as eoon aa this axis is iw lined t<> tIu 
bob the pendulum will osnllale wh<n displaced frum its 
Aro poilUon and thi pc nod of its oscillatMin that is 
the tune reqoued to a U>«nd fro raovemi iit will 
be dependent upon this uulinatuin of th« axis Ihc 
penod Is a funetkin of the angle of inehnaUun Ut the 
vertical This angle u a matter of instrumental adjust 
moat, m> that we r an give the pendulum a doAmte pennd 
of osoiUation to suit our purpose of mviwtigalion If for 
mstanoe lU period is 10 sieonds for a single vibration 
this would bo equivalent to an ordinary pindulum bang- 
ug vertleally as in a olook of approximately 100 meters 
in length or say UO feet Vxprmsud m this manner ono 
sous what a very small tone indeed would be required 
to delleot the latter pondulum from its vertinal ponuon 
Now this deBeatwn wo could aaeomplish too by filung 
Uie support on whidi the pendulum hangs that is if 
the nirfaee of the earth suffmd a tilting or inibnation 
to the honiontal the vertieal pendulum would move 
thraugb the rame angular measure, and the loogi r the 
pendulum the more easily could we measure the linear 
dutplaoement With the above equivalent lOCMnekr 
priiduhim we would have a max mom delleotion of the 
11,660 OOOth part or a Uttie km than one hundmlth 
of a mlUimeter Knowing tho mass and distanre of the 
moon M w^ as the mtensity, of gravity it is a simple 
tnathemaUeal problem to oaloulate the didecUoa of the 
vertMal at any time for a ngtd earth 

The phyncal tidee of the earth follow the appanot 
notion of the moon, and hanee the deileeUon of the pm- 
dqhiB has a to<MiMro movement under the hinar at- 
tcaetlontwieeadgy andwifhfir^ter regularity than 
obtalas witli the oeeaa tad« whieh are impeded m their 
onwigd eonne by the eoimuntun of the earth i eur- 
(are, L e, hy the oontuwnti 

We en epeektag only of the hmar attraetion while 
then ie, toe, one d«e to the eon, but as the former pra- 


PWMlenMe*, in the ntu of aboot 7 to 3 we refer only 
to ^ IpUMT, elthouidi the latter li eonrfdeted, and entm 
nip WehMtVMloA H wdl as into Oe Inal ocnnpntation 

tt ^ Iho fteaietiwl deasellon, on the luppoabon 
otgo wnyWbff aHtheeabeeanpoted andthaaetaBl 
tto ntm osdw lour atlnetlmi ean be 
Hwimi U jewmaig/ MWw thnt we have the data 
Dm ttw yieldlni, the ngfaUty 

nino of the .tmwt » 

In peeper to etoto here, rfthoii^ it wiU be 


gg #iiidiitowief <to legW l i to m H im ul arnmr of Qseede. 


referred to later that observations to measure thu de- 
fleoteon sre subjeot to tertun mdlretl effects among 
whieh mav be mentioned tho daily healing of the rarVh 
by the sun whereby a bulging of the mrth s surfain 
following tho sun IS oaosed and a consequent tilting or 
dedeetiuii of the pendulum Tins mav amount to many 
times—as muih aa SO tunes the gravilatumal ilfnt 
of tho sun Again if tho pendulum ui mounted sa\ mth* 
in a hundrod miles or evtn moro of the seasmast the 
ooean tidee exoroiao a dual inAiuncc In the flrst plate 
high tides loading the seashore bind it and thi degnt 
IS dependent upon the elastuiity of thi nxk mibjw led to 
the pressure Ihit effect making plausible assumptions 
admits tif approximate estimate) rben again th< mass 
of water brought in by high tidA ozerte a gravitational 
effot t on our pendulum just aa tho moon dot a and helps 
to mask the true lunar effect Ibebendtngof the earths 
crust however under the superimposed water mass is 
for near-oosst stations of far greater effeol than the 
gravitatlanal ono of the same msas The two latter 
would sjnahroni/e with each other but uot snth the 
solar heating oftoct Iho further we ailvuiuo snih thi 
problem of measuring tho dofiootum of the virtual liy 
iucmr altnution the mote oomphoatod and ditBoull of 
rcsliration n becomes Low tide duo to the withdrawal 
of water has of course tho opposite effec t of high tide 

1 rum observations it has been found that the earth 
has about tho rigidity of steel a oonelusion arrived at 
l)v Kelvin years ago and by quite another line of attack 
and furthormori that tho terms depondent upon the sun 
are largelv mduimod by me teorologioal eemditinns 
among which the daily heatiog of tho earth has alnadv 
boon referrod to Tho change of declination must alsu 
bo (onstdc red 

It was takin tor granted that tho niagnitiido uf the 
deformaluin uf the earth would show no selective a/iinuth 
but uhsc rvations showed this not to bo the i asi Taking 
the mean of tho ohservations at Potsdam Uorpat 
kreibarg and Durlaoh we obUui 047 for the meniiian 
and 070 fur the pnmeverthal value of the Iheurutiial 
value they should rospeeuvcly have which moans that 
the earth is mora comprehensible id a north4outh than 
in an oast west direotion This anomaly was pnrriing 
Sir (hsirge Darwin suggistod that tho greater ngiditv 
of the earth in the caste-wist dinstion was due to the 
rotation Prof Isivr however from malhemaliial eou- 
nderations oould not assign this as a nsson He how¬ 
ever pointed out tho posninlity as the diflennee was 
inuia marked at Poledam which is noaror to the ocean 
than in Dorpat that the ocean tides might Im llie dis 
turiilng factor and m two wavs In the erst pla< there 
must he a bending of tho earth e crust under tlie tidal 
weight, and in the next place the tidal mase exinises 
Its gravitational mituenro just aa tho moon and sun do 
Acting on this luggesliun the InternationBl Seismotogwal 
Aesoilatum at Manchester in 1911 dnouled U> have four 
deformation steUons ewtobhahed one m ocntral 
Siberia one in central South Afnoa one in ecntral North 
America—these thisn beuig far removed from the ocean 

and ono in Ihau whore the above effeots if Ihoy oxist 
would bo aggravated or mcraasod Canada undwtuok 
to establish tho one for Amenca and Winnipeg was Hret 
loleotod but It was Onaliy doc uiod that moro satisfactory 
results would bo oblainod at Ottawa at tbo Dominion 
Observatory undir ooiutuit toohniral supervision 
Koccntly a ooneisito vault <1 by 31 foot has Iks n built 
adjoining tho Obswvatory the 8oor at the vault bomg 
24 feet below the surfeoe and tiis pendulums will shortly 
be installed 

Sinoe the observations have been made in Europe 
Pnf Mwhelson hu earned out a splendid senes of ob- 
■ervabons and bv quite a nssr method usmg two long 
(800 feet) pipee, 6 inohei m diameter the one laid in the 
Uie other in the east-west line and both undw- 
ground 6 feet They an partially Oiled with water and 
the ohange of level under lunar and solar attractwns is 
measoied by means ef a mieroeeope A dotaded ac- 
eonnt of the apparatus and resulte will be found m the 
Marcih number at the AstrepAyruel Journal tor the pres¬ 
ent yemr We ehaU give hie flui leeulte He dnde— 

N-8 0633 - 0007hour 

H-W 0710 + OOBObour 

We BW that tba tmphteide ratio Is m pretty good ae- 
eordaiiee snth the mean European resnHs of 047 and 
070, and from toe position at Mudirfams stoteoB— 
Wlthsnii Bay, Wlseonan, near the Ysrlm Obeervatory, 

very far assay from any oeeanin tidal tnlhiioeee the cause 

of toe ammaly of tou difforenee m ampUtude ratio, snil 


very likely have to be lought alaewhire—allhnugh 
Hohwoydar (1912) agrees with Love m attnbuting the 
diilcconoe as found at the 1 uropean stations to the offis t 
of ooean tides The phaao aooolention as found by 
Mu helson is very Mtufai lory be mg very small as ono 
would expect It IS as he says ao small as to leave some 
doubt as to whether or not it is real ' 

Wo have shown m tlie precechiig tho prohlem to ho 
attooked and tho method of attsoking it Attention 
has been drawn to the very snudl quantities mvolvod 
that IS the quantilu s to bi measun d and of the nurac r 
ous fm ton that onti r into it Ihi contmuous chsnge of 
the muon s ponteou in deolinalion and distance with 
the consequent ohange in Its tido-disturbing offeni The 
same appliiw though in a loss di«roo to the sun 1 o 
oompluato our rcoord still more wo have mitcorologicrf 
offuete unpressed on the recunls such an the heating 
offeot bv the sun Yet hum all tbe tangle the physual 
tides of tbe earth show up oloarlv and unnuslakably 
At a maximum the surface of tho earth rises and falls 
about a foot Iwii o a dav due to lunar and solar attrac¬ 
tion Wo are sitting on a king teefa r (01100 miles 
long with a ponod of a littio over 12 luiurs) union- 
Miuusly loctcnng It doesn t snm to moan much yet 
in It IS bound up the ennslilutum of our earth and at all 
ubjocts in the universe none nonne rni man more than the 
earth Tbe earth is solid vi^-y snhd somewhat like 
steel Thera is no liquid molte n interior as we wore one e 
led to believe 

Wo tnist tlucl in anolbc r year the Dominion Obsnrva 
lory will Ih able to add its share to this vi ry intorrsting 
investigation of tho deformation of the earth hy the moon 
and iim and tho di termination thorafrnm of tho rigidity 
of tho earth a dosirable quantity m geophysics 

ComiMriaoB of the Silver ud Iodine VoHnnicter 

An Inipoitant iiiveutlgutlon of stiver and Iodine voll 
ainilcnc wan recently undertaken hy CJ W Vloal asidst 
uni I hysli Isl of the Bureau of ^tHiidards lu po-nperatlnn 
with S I Hales research assorlatc In physical chem 
Mr} if IIm» Dnivcralty of Illinois the rmults of which 
huvi heen published In the scluilUli japers of the Ru 
noil cf sismUirds No J18 V brief summary follows 

Of Iho iiwDv elcttrwbcmlral ructlocis which msy 
timirctliHlly bo cmiloyod to ditcimlm tbo forailnv 
I e the iidsntltv i f slntrlcltv associated srltb a vbiml 
cal oqnivakiit In any ilcctiucbcmhal change that at 
Ihc deposition of silver frum a solullon of silver nitrate 
Is tho only oih Hist has bocn extensively InvoarigHlisI 
Ihe valins slihh Imiii Iks-ii accepted for tho hrailay 
from llnii to time bavo almost entirely been based 
upon resnits with Ilm slliei voltameter Ihls naturalW 
n suited from the fnet that too International ampere 
Is diflnod In terms of Ihe silver deposited onder more 
or lisa rigorously Uxnl i Hidlllina and bonce this Inatru 
ffloiiC has been tiu sulijov t of many thorough Inveatlga 
UooB both by thi imltuiinl standardlrlng lubontnriM 
and by private Inillvldimla As a reanlt of Uieae tnreaU 
gatlcms It haa hcoii jsaisIMo for the post fow years no 
to h nno tho oniidttlooa to lie usod In ocmnoctiaa with 
the siivir voltaiiiotor that u njir slut Ihlllty ut 1 or 2 
jHirts In KMOOU may l« obtainci Until rcoonlly no 
other voltaniLh-r had attained anything approichlng 
HUih a ilcgice of precision 

\ mile over a your abc howevor Waalihurn and 
Kuti s piilillNhod Ihc resulte of a study of an hsllno volt 
umiUr which they had divlsed and which wah fnumi 
to have a lotinslii II lllty of too oamc order as that of 
the silver votthmilor The apparently CMmpIcle re 
vcrslblllty and jniritv of toe clcctrncbemtral reacHcm In 
ton Iodine roltamotor oouplod with the fait that no 
aolld dcpuHlt la obtalncsl mado It • parthmlarly vain 
able reaction to pmjloy tor determining the fhraday 
and warrantod rorv ixa t olntrloal measuremente 

We have made a inreful ocmpariiioii of toe sllvpr 
and Icdlno voltamilirs nsing them In seriea so that 
tho dopnolte of sllvrr ami Iodine ahemid bi> atriotly com 
paralile Tho host proiednro karnod from previous 
Invostlgatlona haa been followed In each laie On- ro 


suite are aa follows 

1 Ratio of sllvrr to Iodine ORMIIT 

2 Electrochemical equivalent of Inline 1&1'H>2 

8 Value of the faraday (I» 126 92) 96615 

4 Valoe of tbe faraday (AgswlOTBS) 08 494 

5 Valno recommended tor general use 06800 


Neva. 2 3 and 4 are caloolated on the basts of tbe 
International ampere using 111890 mUUgnmme pet 
eoalcmb sa too eloetrocbenilca] equlvalont of sUvor 
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RcBWThg Partidn of Metal fron Woaadi 

IiTiuiiMHN gnat Induatrlil pUutii are fiiniabliig 
iractkallj all the barbed wire oaed br the belUgcrent 
rotutrlaa In tba BnroiNaui war ani thonaaida at tone 
of material tor Urn making of ammunition an beiig 
ahlived from Plttatnirih to l-nrope 
Thia clljs eommereUI perUdpall i li thr anr la 
greater perhapa than aor other etty enj vh—I n no tor aa 
mannfactnrea are concerned. Bnt beeldea furnlahlng hu 
much that la Intended to deatroy human life nttahurgh 
la NDdliig In Urge nnmben one mechanical agent of 
mercy to the battlelleldB of Fnnce Anatrla and Bel 
glum It la the powerful magnet that la taUng the 
plan> of the anrgoona paintol and perllona probe—a 
machine that will prevent untold agony 
The removal of ptocee at ahnpnA etael Jacketed bul 
lets and otlmr autal auhatanoea bg Om nae of powerfnl 
dactnaagnati In hoatdtala In the BnroiMan war aoaa 
haa been aedalmed by many aa the very lataat appttea 
thm of adanea to anrgety But thIa haa bemi la prae- 
Oca In aomo of the littobnrgh Indnatrial planta tot 
more than a year the lint madilae having been eou 
Btrueted and Inetalled at the Baat Pltt abu rgh worka of 
the WeeUngh nn BneeMc and Mnnutoctnring Oom 
pan) Aa part of the rellet department It haa proved 
the m at neeful device erver adopted and the Ug mag 
net la here naed tor removlag awtal amhadded In the 
Oeeb nr In the ball of the cyOi 
The magnet In monntad on a box eontalnlag a raalator 
whlrb la laed t( regulate tha anonnt of corrant dow 


111, through the cilbi It reqnlrau tOUO uatta fur Ita 
opintloi or enough power to aopply one hundrad U 
e ndle-pouer lUada lampa It la deaigned for open 
tlon on TO volte Aa the drcnlt from which It dtuwe 
current la need tor teatleg purpoeea la tlio Wanting 
honae worka and rangaa from TO to UO volte a raahnor 

Not Infteqneitlv wwklDgmea get Utn of motel In 
their eyea <r handa Before the famtoUatlen of thia 
magnet It waa Maeaaary to nao a probe to remove thane 
foreign a u ba t an c ea a method whiek waa unoarteln and 
often extremely p^nfnl TUi magnet Baakaa tha opera 
tlon very almiria and palnlaaa The part of the bo^ te 
wbleh tha matel dilp In embedded la ptoeed near the 
polt tip of the magnet, tha twiteh doaad, and tha mag 
oat done tha raat Tha pole la rtmovabte a nnmbnr aC 

walk. Bite of flytag matel often panafrnte tha ipan of 
workmen When they atrllm with enfleM foc«a to ha 
embadded U la a dlOenn thing to axtnab thma mdeaa 
tha magnet la niai. Tha protecting oonttng cf tha eya 
mnnt ha cut, and thera la atwaya danger that, taatead 
at lemovliic the pnrtkde it may ha pakbad tethte Into 
the eye 

In tha eted mUa worheea foeqaeBtly haea their kamdO 
puuetarad by mteda pteeet ad gytag eMte) which |»> 


gaadte ^S i glirt i >y 

timinhin tt Amt Mttekwgh > tte m>tei te diitt aip-aC 
hinatehewi. fha«(iBk«kr««nb«k|hMrth* 
foadi thr and ami ateek hi fta mintf k 

lodnd ■■ th pagh tha cidy way to noaaw tt* 
wodd to to poB tha tooth. A )«adt{l gktaMdtdi h) liai 


Tan aotroBonm la ootonMs with Aa phyAhk ^ 
ohenat and oAen ffeaHy noaA At Ma ApAvAo 
maAamntfomii oan ttea On Aa other hap4t I WhM 
that Aa nmlhanati^ haa aometUag to Mata 
aatramnw wiA regmd to Aa point e( vlav bimi olA 
he paiiea hm raaaarellai 

TUa dWteeBaa la vtowpoial la iwAiiv awto Awt • 
raourranoo of Aa atruggla Ant oaoxia in any Wad ar 
hiuaaa aalivlty botwenn Aa iiiirtleli of naijwt atot 
Aa teehatoM of Ant mibtoat It la a MaaifeAla IM* 
Ant the ontooma of tUi aingWo u aot alwiya A M* 
of Aafomer bat Ant ineca toehaiipioiianmeadpamf aWa 
to gain perauaaBt nmotety aad to aalaaeiit oow|il>to|y 
Ae ohl^ for wUdi It wao erea t ed Tha hoot 
tionaf thniatobofongdiBthtpalBter’BBrt Whhaow 
that A«a waa a Ntoo whoa palakag waa regwdod aa a 
mode of eapremdon through whieh l ootono might bo 

tooWit Md learned, or Aioagh lAUi at koto Ar WeiM 
mtfit ha aatniad Bat for anoy a Ung day patatiw 
have rrfaaed to taka Am nOr of Adr act Thoy luld 
in frank eontonpt a pietma that taDn a itocy aid their 
etaadMde of what eonaWntea a paat pMtata era aa 
inteiliglbla to any ona who la not tdamalf a painter 

AetcoBoaiy and mathemtolea have them taekoMina 
and art having theu etrugWa wlA it A oenAiy ago 
Oaime a great matheinatioiaa and a great aalronoBMr 
epeaUng for hm Anee aa mneh aa for himialf aiUMMinoed 
aa hm motto Pioea aed matura and adopted aa Un 
ereat a tiea laden wlA ftnnt few in nirnnher bat lanatto 
able for them petfeeAia Buoli eeatmunto ao theae aad 
An feehng that lay behind Aem havs wadoiAMdly 
done more to Under Ae pnenae of eeiaMu than to ad' 
vaime it If Am m aay queaAm aa to what Gama 
mpaat wa have only to tarn to hm htognvhy to find Aa 
aoawer Ha did not care to tonoh la print any aabjant 
that ho foh he oould not eriiaaat merely to ocerthbato 
to It leeiiied to him fake ptuefang uaripe halt Thun 
hm pubhahed work extenalve Aough U la repnaeatn 
only a part and it may be only a naall part of An aa 
nnmttiv khor cf hm wondarfolty fat^ hcain Wo 
know foraaampk AatOaaanhaddovelopedthapeinw 
pka of Ae method of keat-nioaiuo wUk he waa atm 
inhiiteeai bnt rt waa not ontil foorteaa yean kter that 
boTontandmtoptiBton Amaabjeot Ha would doabU 
km taavo wiabed to delay even loogw had not Legmdra 
in the meontfano uaMtAod aad pnUIAad Aa mmw 
pnneipka We ou maka a good gaaaa at Ae naaona 
for Qaimni ^eky The awAod of kaatagaarie k 
founded upon aa amompUoa whieh oaa be put la vaikoa 
forma bill wblnb atwaji nanaliia aa iniiiiitiiiii Onoan 
wooM doubtkia havo wiAad to pnivu Am aMOXapAm 
fnm foadamaotol ptiaei^H or to kaat to have givea It 
a Bum Kdoaiatto dnaa bnt thk amther ho nor lay oaa 
that haa eocae after him haa nneaeaded In doing An 
evaa bettor lUaatiation of Ae fonier atbtuda ef men of 
eomnoo m Uto matter of Amr obligatMne to Mieaoo k 
aOotdod by Oaoai • port IB Ao hktaty ol aoa ■aciidaA 
geomolry la a ktter to a blend ho itatea Aal hr had 
oooBpkd Uaadf axtoaoMy wttk BaaUa haato aoA 
eemtog pamBek and goal on to ohtino very btoidy aooM 
of Ae ramilte ha had obtmnad. Thk kWir opntafam ftt 
that k known of Am reoe aw bee A tow ymM Wter it 
waa writtaa LobatahewaU pobUihad Aa Atta book in 
whkh ha primn Ant Ao panBat aafcna k no ntam at toll 
bat a pA« aMBtptkn and Aon am imbAer kaad el 
gaomatry U tateghtokk to whkh Aa uppototo amanwAto 
baoda to vlnf af Ab work. B mdd hitoa IMA 
aaoifiaiy far Oaoia to ravka whal ba had altoil|*iaMto 


r At ttokoi todfo '*W1ub Am 
anato, to motoeatoa Aa wa«M 


It wA be nadMtoo^ Ato it k mat Oiwto At* 

pt aii im^ to«totltota,bMiaAwtiia^AMAldA<lk 

tototoc^ and vSirAatofto to«|iil 2 %iS , 
te l M Aia ^ to *to MMy o j y jg gt ^ 

bemt toVwM A AAi ^ » w > No.' . 77V^ 


The naa of tha pewertto amgnit toaww Aa tna wt l 





Jfatrawt to Um ?ult. ■howfaif tka I fato thick M toa Mm apaa aarf daaarf aiU Jalat gnuai to aa air lifht II 


The Strongest Vault in the World 

Its Massive Construction and Unusual Method of Protection 


Tn avartty raalt noantlj' luaUllad In ttie naw bank 
ing bnudtiig at Maaan. J P Motgan « do baa tba 
uttlqaa HiaBiitlOB «t batog tha atraoiBrt In tha world. 
It la a lent wide by » ftat datp by a toot High ont 
alda and la dlvldad Into ttane atwlea Tha walla ara 
JH toat thick BMda op of a barroyliad niokal ataal 
armor idata lining aorroundad with rock oouerate rain 
fonad arttb donbla and trabla aaettona of 13D-poand 
nlAal ataal talla Intartockad at all eomera and bound 
with aaoltlida angla ftainag and tto roda Tbaontaldaia 
aubbad with a atod pandlad <fladdlng 
Tba main antraaoa la gnarded by a ronnd door wbicb 
la nmda adthoot atapplag or rebataa, and la gnmnd Into 
the frama tor Ita anOra tblokoaai of 88 Incbca Thla 
door la of oonpoalte eonatruetloa tha Inner half being 
01 nhdiri ataal annor and tbe outar of eaat ataal with 
caocNte, W nda and antl'OiyaoetylaiM cutter bonier 
proof aactVam batwaan Thla door wltb tta boltwork 
and Uogei walgha 00 tana and to ao wdl balanced tbat 
U «dn ba nrang with ana band. 


An emergenr} door of eoiraatioiidlag thlcknea and 
oiuatnietloa bat (rf lamer stoa obrtotoa tba pcnlUIlh 
)f lockoot and famtohes Beane tor rentllallMi tho air 
being changed ereiy two and ona bnlf mlnutra 
Tba three floota of tbe Interior are aqnlpprd with 
NaLorlty cloaata and mAb, flUng Oztniaa traeka ate 
Tha flooca ara flnUiad with cork tlla Btalrwaya afford 
commnnlcaUon betwaeD floora and an etorator to pro 
vldod for traeka and poekogea A lerel Bitrancu la 
afforded by lowering plattonni 
Tbe ranlt to prorlded with two lyatenw of electric 
lighting a high tenabm which to regularly uaed and a 
low tenatoo wbicb to broagbt antomatlrally Into aerYlcp 
If tba Ugh teoalon fkUa. 

A oompleta ayatem of calto alaniw and telepbooee In 
alao Inatalledi In addition to a talephaoa poraunently 
connected to Oantral for nie If a perion to locked In tbe 
>anlt Tba night llgbta alno ran eonttnnoooly 
Time locks ara applied directly to each door which 
la aoUd and baa no aplndle bolaa tba eombtaiatlon locka 


and b Ht throwing ntochaotom Inlng appllul I the Jamb 
All of tha combination and time locka end bolt throw 
It g metbaulsm upon the imdde of tbe ranlt ate corered 
with hetry stebl pletca which obrlatee an almoet nnl 
teraally waak condition wbore tbe potting of a unall 
holo throagh the vanit walla prorldca direct aeceaa to 
tbe locking connectioiu 

A prttecUd and etectrlcelly lighted dial wltb reroir 
Ing jioInterH baa been nnl ntltnted f r tbe etandard com 
blnallun lock dtain thla Hffnrding gnatir conxenhmee, 
and Inonring tbe operation of the i imblnatlon Bgalnit 
oleerrntlon from anyont except the operator 
Flcctrio proteitl n to ai piled over the entire ranlt 
and to connected wltb Ctuiral offleo oerrlce Ibe ranlt 
to arranged for t been all n ly an ana of latrol paamgen 
and nilrron aroniid the f ur aUee undorncatli the to I 
turn end acroaa Uu> t p 

The work to Are i rw f waUr proof burglar proof and 
mob-prnof and an a wbok npreaeuta the rary last 
w )rd In high claaa rault couatraction 


B«fra«(M7 Matoriata and tke War* 

Thb aaoeamfid manner tn wUdi tba Oannona ban, 
darataiMd tba laairnfactore of rarlou boat raatoUng 
iMtaeieie 1)600 dooily deaMw ati mted atnea the od 
reotafOtatotr and oa tlma goea oo tba abaence of anp- 
pUaa baeeaMi bom and man trying In thoae Indaatrlaa 
wheMhMfriBdating giatartala ara reqnlrad Thamonu 
tootaN of dtandoal poccalota for Intaanoa, to atmoat 
tmlmoffa Ito Orwt Britain, and Wa hare to depend for 
aoititoa ae thla WgM oo gooda whhdi arc obtained aiore 
oa Igna mg at UO arnOf ttnragb nanteal oounMaa anoh 
aa Vitlaoa aod aeondlaOTta. The at«pltoa otochad by 
daaAtd hum oont ban Taty larga, and thoaa wen 
MpiBydnIatad fUs eooaonaad h MBta of Brittob 
pottaai ia toial* nBt itepta nttoowta at tha mamitao 
ton dd Bftoatagy peanlata, bat moat of tham aon 
a««M|ril 11^ te thoagh tbay eooU Bike WIN wbkb 
wato^toltlMtaad mM ttov oqold not ptodoae a pocodaln 
l»a tadttMaaai to agddn ckangii lo taBpeii 
toto aid# to to dlMattocWto of tlM Baxoo wan Otte 
to writo a to ato bitofc toBttooid, that 

badAtolMr ttto ««f« wMito to to hatortoot to toiB 

VII. Iijffni Iiliitnwniirj' T*-^****-^ to tola eooatry 
it bMM m toartodBy hum thoa tom nan paid te 

lid ttotortdd atotottot Mjaritobya. tta ob <f tond 
aWn Sito n AdttMalHMMdaft « It wto tatot 


tod ettdr garto df ttt 


Continent baa neeenarily raaaad daring tbe war Plrt 
hrhka of equal refraotorlnMB can be purLbaacd In thto 
counter bat they do not oaUafy the tarta which the 
Cootlnentil bolldera of toha oreni cooUder to be eaaan 
ttol Brittoh flrobrm manatactarera an making ox 
tenalre afforta to ororeome thaae objaetiooa and are 
gradually Inoraoalng tbdr aUllty to moke flrabricka to 
fit any reoacooble qwclflcatlM Tboy bare much to 
loam boworer though they hero made mneb more 
rapid pragroB tines Uu wnr began. FlrebrldB for 
fornaom and ahnilar porpoaee wbare tbe apacUoatlona 
are leaa atrlngent con ba nude anoceoafoUy In thto conn 
try though the prieoa of flnbrieka In extra Bnropean 
ccuntrlaa btom the war wan laigtiy to Caror of tboaa 
made to Qonaany TUa waa dM to tbe moib larger 
wotki orgOBtoad oo an ntlreif dlfferoot baato and 
working on a ayotam of Vnaplng" which doea not 
appnl to Bitttab nUMtoetoran It to a eortaua fket 
that wltb tofbilor aatBlala to hm— iwimMuiiy umg in 
Great Brltolo, tha Gantav bare toned out batter flre- 
brlcfea end tom bon aUa to goarantM reanlta to on 
eotaat wbtoh Brittoh Anna bare found impiaetlcablo. 
With oeotaatltloB tone aorara to aonia nnaeta Brittoh 
Bonatoctatera ora now tonitog ttelr attaotlan to bo 
prertag tta qaollttai of ttalr gooda, aa in thd poot tlm 
harm ocoointratad ttelr alada on tbe prodocUon of 
riiMpbileha. mtt adaqoato tadmtoal oatiatanoe of a 
kliid not gaoanlly araltobta they wfll ba able to make 
gnat liainuiiniU to qoallty and ahonU in tine be 
abto to prodnee bittie briefca tkoB any now 00 the Bar- 
hat Bototto tor the Bantoketara e< seal gaa cannoc 
oow ba htoortid (MB Oanaony ao that gB •Mtoaara 


art compelled to me tho bomo-mudi prodiHle Ibin to 
much dlrerKeniw of opinion ax to tbo relallrt talim* of 
Urlttob and (Kiman retorts aul Its has not been un 
uxnal to find German engineers Importing Hrittob re 
tvrta while some Brittoh engineen bare preferred to 
purcboae Gennan onea Here ai.aln Brittoh manufac 
tnrera are trying to meet the demanda oa far aa they 
are able to do aa 

Tbe chief difference between British and German re¬ 
fractory materials may be transl to the difference to 
the ownerablp and maiugcmeiit of Um Hrms In this 
country refraitory materials are chiefly madt. by men 
wbo have worked themaelTee up from a omoll begin 
ntogk-or the deauendanta of such man—their (bicf chu 
acteriatica being tbat of a workman whoM knowledge 
and eiparlenca hare been gained almoat entirely to the 
worhahop, and whooe theoretical knowledge—either at 
obaoitatry phyaloa or moehanlea—to almost negligible 
Tbe German manntactnrera of refractory materUto on 
tba contrary have almoat Invariably had a aound train 
Ing to ebamtotry and englneertog they approach the 
manufactare from an antirely different point of vlsw 
namely that of tbe near tnrned mannfhatnier Oonoe 
qoently they are more Impraoead with tbe needs of tbe 
naer while the Brittah mannfkctnrar to chiefly Im 
ptaased with the dlfflenltlea at manofketure and tho 
UmltatlMW Impooad by hto material It once thto bias 
could be overcome—and the only remedy to tbe better 
edneatkm «f tbe mnnutactarera-thera to no qnnUon 
that better letractory goods can be made tn Groat 
Britain than can be obtained from the Oontinent foi 
tbe oame prion, 
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The Educational Scrap Heap and the Blind Alley Job ’ 

A VitaUy Important Economic and Social ProUem 

By L. W. Dooley 

Ir there b one word In the Hnglbli bniomia whldt with them. Tha ntMtnet or book mtndod ddU b om okiIotb two thMa a< tlbchUdfW thathavo 

tliorougbljr daalfiiata the iipirit of the modem age It who hto no dtlDealt]' la ooamlttliig to BoaMrx abotract left oohoot M dooiir da tta bw allows, bg aB|hig ^ 

b the word tfficieHoy. In mnoafSatnrlog, b mordhtn- prlndplot and Ukai to study booha. Botwstt those two b Ignnrtiico on tbo part of the panato who aUpw tha 
dbing, Id phUauihrmiy, In ebatOh, <»i the farm, eroiy- Umlb »s ahadaa of dlSorsnt typas. The aToiaga child tftHd to onter the mill or UtiUKtt add Umt mUMr 
where we are convinced that preventable waste b a b motor rather than abetract minded. power nor advanjifs to gained by OBtarlBg the tadna* 

thing to bo dlecovorod, to be corrected. To many men The teet for pronotlco la ear preMBt school systooi tiy at an early age, and tha ohUd who dbea mitsT h|> 
the Idea of effldency to retlier Indoanlte, meaning to a literary one. The ahetract mlndad ddld with hto aoolatsa hlmaalt with our most nndsalnbto pqptdathM" 
wjiuutblDg above the average, bat not capabb of iny quick memory baa no dUDcnlty In pawing ths pro* Is datrimsntal to ths ohlld sad otganlssd IndaattT' 
prtH-bo dcUiiltiiui. As a mottor of fact, efficiency b motlobal twto, wtaUe the motor mlmled diUd, without What a terribta Indlotaaent to plaoe ew opr laetory 
very dcfluUc. It b the pcrcenbge of usefnl work or quick meowry, faib of promodoa and bocooMa what eyitem. Let na examine It and sw what her It to true 
viTrct which to obUlnod by men or maublne In coopatl- the tandiars call a retarded popU. A child repcatinc or not. There am esrtatn biandMS at Indastiy, aodi m 
( ton with what may be termed the mazlmnm effect at- a grade feels that bs to a aoclal ontcast among the textile end glam, etOn requiring low ot sudfom gnide 
Ulnable. Ifanufacturcrs on not aattofled with the papUe and loom Intsreet In eeheoL Then again, a aklll that ate abaffiotely dependent for thstr vnatlea 
nicro outcring of raw material Into tbo factory, and child of twelve cannot be expected to be Intsrsstsd In on a supply of Itbor of boys end girls between tbs 
tlMs flutohed product leaving by anothM door. They the methods of teaching end content at Information agea of toarteea and amnteen. A Lm—tattiq entl- 
doslre to know the amonnt of waab. end are vary nn- adopted for a child of ten. mete based nptm reliable Infennatlen dwws that ptao- 

naxy If too much raw matcrUI b waatod or placed b Thetp can be but little question that our achoal ays- Ucally two tUids of the ehUdien that go to weric attar 
the ecrap hrap. Waite b roitugnant to ns to-day. Thb tern has lagged bddnd tha devriopoent at thoas torcsa Isavlu sdiool go to work from tiie Immsdtots grammar 
Name cry of greetor efflcbocy of the modem time haa of buidDew organisation with whleh they ibonld be gmdae In the ebove-nimed Indoatrbs. 
entered our educatkuial aystem. CltUeos and imblb clearly arttonlated. Onr icliooi ayatem b only jnst nie textlb Indnetry employs moiq children at tha 
aplrlted men ere crlUcblng our schools throogh the now catering npon the atsgs of efflebney which indua- age of fontteen or nnder then any ether industry, and 
iKiWNpnpcn and magaalnm. They claim that there b try baa long aince oonsldered. Nowadays edoeatlonal coaseqaently b held up to the pnbllo ss the meet flag- 
great waste In our achoots, the esacntbl b neglected, ozperb an beginning to see that the doll puplto can rant vlototor ot child labor lawi. It may be of late^ 
and the boys and girb ire not properly prepend for life, be raaeued and that atnptdlty has varlone canoes, a cst to study ths kind of Jnvenlls vrork performed In ths 
ITio practlcsl alwndoiimcnt of the epprsnUomhlp In the great meny of which msy bs cured. In yesn gnis by, textile (employmebt) Industries. Both boys and girls 
(iMiutry, except In a few Isolated places like Brown A If a girl ot hoy did not get on wall In icbool, he or abs of fourteen or nnder cae readily And employment In 
Nharpu Manufacturing roniiiatiy. b bringing about a won most likely noted aa being jnat plain stupid, end mllb psrfOnnlng simple and easy oporatlaiis such as 
want of skilled workmen which the modern ludnstrbl cslled a dunce, and allowad to drag along until the doffing (raidaclng full ipoob on spUning trams with 
Hystem b falllug to aupiily. On the other hand the day came, when he or she would leave echool. These empty onee), pbdng (placing ^ 

greet number of uiiekllled workora han lin-reased, and cblMmi have been referred to aa the scrap heap of gether), supplying various adult ktochlne opsrattvea 
all at them have not been abb to obtain employment, the public scbool system. with bobUns of yam, ate. These opentleiw can only 

Ths gTMt Imlnatrlal demand of tbs present, and of the Very wUe aiMl careful InveetlgatioDi/have ntabibbed be performed to giMt advantage by (ffiQdnn under 
recent pest b making thb want felt more and more the fact that a greet many tmrenta feel that when their seventeen. What they do receive In the line ot learning 
Hhsrply. The whole country in awakeuing to tlie neces- children reach the age of fourteen they should go to b the development of nsefol Indnstrbl haUb that sie 
aitloa of the (wse, and donandlng a remedy. Organised work. The children In s tow gsns are not obliged to very valnaUe during the period edoleacenue as they 

educational forces are moving rapidly In the direction leave school because hb psrenb an very llnanrially remain with the child. 

ot making (mr school system more prectinal. able to keep him In school, but becanae they (the pn- In til these Industries tbe work b btermtttent, that 

With the Ides of bcraoslng tbo efficiency of (Sir reiib) went to work whm they reached the age of fonr- b. It b of t character that allows for periods at rmt 
school system In thb direction, ■ commbeloii wee sp- teen, ind they do not see hew a farther training In slid requires tbs attention ot the operators for not 
pobtud somo six or seven yean ago to Investtgate the the public schoeda would aid thrir ion or daughter in more than two thlrdo, or half, the time; therefore, It 
need ot practical eduoiUon throughout the State of direct tralnleg for earning cepecity. On the other head doea not require the coosaenUve bbor demindleg coo- 
Mamachuaettn. Tbe commbslon naturally lirst stndlod the vast army go to work for ecoeomte reasons. Thb contrariou, and the attention of the ebUdrea and the 
the need of Industrial islaottlon In the great mannfSc- edoeatlonal ictap heap, deolgnated by onr present school care ot the machine. ObUdren at thb ego, between 
luring conten. In the course of their lavestlgatloiia of system as worthless, has great Imitative power and fourteeo and ssveatsen, bare not the endatancs, that to, 
the condition of the employment of children b etween cniwclty for meclianleal work and experiences no dUR- lbs bones bave not deveiopsd snfllctontly to allow om- 
U and le years of age, tb^ found that nearly flve culty In obtaining work at a high Initial wage In wbat seentive work. To Ulustnte: tha avenge bey or girt 
slitbs of the children In the mllta have not graduated are called by our soctol workers "blind alley" or "dead of slxtssn or seventsen will actually give In work at 
from the granirnsr schools, and a very large proportlou end” emplayment, that to, employment such as mesMU- least a half hour a day more than the avsngs diild 
liavH not completed the seventh grade, while practically ger boys, attendants In bowling alleys, deSers In mllb, of fourteun or younger. Tbe diUd of tbe some age, elx- 
iiuue bad a high scbool training. To bo more apeclllc attendants In glass factories, etc, In which the expert- teen or serenteen, will do at leest D per cent mom work, 
a couservatlTo estimate would be tbat every year In ence gained under tbe present Industrial and educa- hour for boor, wltta a oomspondliigly bos amoont of 
tbe Bbte of Massachusetts from 20,000 to .10,000 boya tlonol conditions are said to form no basis for ad- waste material and dsmogs to flnlrii^ product The 

snd glrb, on reaching the age of 14, leave the schools vanvement Into more skilled and bettor paid vrork aa work will al^ require loM supwvtoloii, and will be of 

to go to work. This snny Is four times as large os the child grows older. When there young men rrech higher grade when flntohsd. 

tbe gronp which, at approximately the same age, enters the age of eighteen they have passed their nsefeloew That to the reason why the other so-called aklltod 
the high sclmol. Only one of every six of there cbil- In this type of Juvenile work, end flud there are not tradee, such u tbs higher brueffiss of the matsl and 
(Iren taking np Rome wage wriilng occupsttou has posttloos enough for them in other peris at the mill, machine trsdee, the building tradee, and printing trades, 
reached the eighth year nr grade of the elementary and they leave and form onr great unakHled army, and etc, do net care to receive boyn or glris until they an 

schools, only one of every fear has attained tbe seventh All our public employment offices. Tlwre are plenty seventsen, Olris And oppcctenlUre In aklllsd trsdss 

year, only one out of every two the sixth year. The of positions In the metal trade, etc., demanding me- as typewriting, etenegrephy, mlUlnety, dresamaklng, 
record of tbe mimbor ot pupils that enter the high chanical experience that there ynwig men might DU machine operaters, end an act wanted until thoy are 
Hcbool and collegn In Maasacbosetts Is os good propor- with preflt If they bad received a training on ecue kind sixteen or leventeen. Tbe above tredea of bltfi grads 
tionnily as any SUte In tbe Vnlon. So that above of a pert time besto while they were engaged In Udbly sllow tor Individual autiim, the putiUs, bare aa onm- 
Ugurm would bo a conservative flguro for tbe rest of spedeltoed Juvenile oocupatlon. tnnlty to etsdy their work tad make 'oampattaofw be- 

tbe country. Tbe problem tiHlay to how to retsln our Industrial tween their pstt expirisBee and their dolly work. It 

In most States the law compels children to rsmoln supremscy, onr present Industrial organtoattoD ot Ugh- else tllowu for the Initiative and independenoa ot tha 
In echool till they are foertecn yean of age, and nnder 1y spectoltoed work, and to devriop the whole boy and pnptto and leada to a pmn ere l va devUoiniient from a 
ordinary condltiooi they should have completed the girl ao that we may have su c c e s s f u l man and womsn sli^ preesre to eus nqUrinf a Uglisr OagNt ot aUU 
grammar scbool at the age of fourteen or thereabout wUb Industrial habits to live nsefol and happy lives. and bitaUlisnoc 

The question that comes to one's mind to, Wby has not This cannot be dcoe by groups of social workers In Why cannot tbe fsetoiy vstam provMo this training 
this cblld completed the grammar echool before going tbto country tUempUng to tsar down our Indnstriol In ths sauM way os Mine ot tbe hlgbar bnnohre at 
to work? system by forcing nnjuet legtolaUon on tbe eemmnnlty th* metshtradoaT OoMpedUen wUI net Ulow It OMt- 

The public school system to divided Into dlvtoloee soeh as eemputooty foil Urns education for eUldren np er ohsugre have talun place in the ergaalaiBon of 
(«lied grades, baaed upon tbo cbronologla age ot the to sixteen years of age or over. Onr aerial and bidire Induatrire In tbe United Statw during As Wtt g snstfr 
Indlvldnal. Puirila are graded In e echool In order to trial system to s growth, end we tra at the proeent time ttea iliiee the fretOcy tfotm was I ntrodiwsd than 4n^ 
keep BS far os possible the mental and physical devel- passing throuri> ths transition period of a riiange In Ing any other period In the wccldto hUbsy. 
opment eqnlllbrium. A greet many chlldTttk of the onr Indnstrial and aerial system, the like of whldi *Mo industry shows this deSUepmsBt bsttir ttst ths 
Name chronologic age may he aafriy placed In tbe same bee never been experienced in any eqnal qMce of time textile Indnsttr. Daring tiw pnit flBydbnr ysihi 
grade In the school, but since Indlvldnal eUIdren differ during the world's history. All this mssns readjust- hsrebami fMetletlly HO fntsalkhi Inrelvlnt ntw ptih- 
from each other In mmital and physical devdofanent to meats of onr social InsUtnUeos, perticulsriy tlw sdnea- dpire Of tastBe ttaddmey, htt Ihm hag h*sa marsU- 
a marked degree, a wholasale cUasUlcatloa has provtd tlonal system. The school sad fsetory mmt weric hand ona Im p ro r sment la ths sflirisocgr it As isanhlpgij 
in many cases to bs Inadequate. le hand. 'Dm aAoel must suppleiiMBt tte taetoq' In In e^ to rsdoos ow sem^ sdomtlffittl 

The dlffermit types of chlldrui may be Ulnstratod by eueb n way as to overcame the deadenhir affbet of heap It to a iasmi r y tn change odr sSheei ynto i m p Ant 
a straight lino, one end of which might be called motor hlgUy aperiaUaed worit, and at tha mma ttoto glre It wU SdnSilB tkmWtall bey ilkl |tlf 6( lUg itoy.’ -A 
mluded end the ether abstract minded. The motor a training that wlU dsretep the eUM re.that whda ha mangal toUntni; as MT lIllA I llMdd;; jUl 'nlAdbililvtll ' 
minded* or heed mind chUd to one with a oraring for hre passed hto naefUmas la that JnvsolJe wqrk be ssay sratyaAW U 

nchl(-»Tini-nt. to do end lint to study. He has a natural have tbo training and tatriUgence to enist ether llaSa cf ng soog sgOliribtff l^klllbfftos ^tott.liaiiffiL'iffii^ 
dlHllke for books, and Hnds It possible ^ undentand work, CutiHr '«n« 

abetract princlpl(m only by having aa actual axptrtoooe Any attempt to dagradt ew fhetety wBM 
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|« MiM ttw «• yoD« IlMalBfiCaattto 
irB twy h07 Wd CM, wtai ttaf iMMh tba 

•I* (ft. Kwtlm KMw toic to aw thiU taa«i with 
KWt'Wa* ft akin, to be to addttkm to the 

atflaaaf hwawiln work. Vor the majoritr thle wUl 
not n iMM Utoto aay «on heon at watk (acbaol). We 


ntoC win he fttflraUtaa. In addMon, the ehlld win not 
MW lha aidieol with a CetUng at rnmlaloB. 

In erdae to took afM the waUtN of the Indlvldntl 
flUM it la neoaaaaijr to know dednUeto the time he 
aboold beita to woifc and the kind of work he la able 
to da Phyaktona Ml u that the montal and pbydoa] 
ooodttlon ahoaU not be orerahadowad by being brought 
Into aw batore the darcloiwent adapted to nofa nae la 
eatabUehad; and on the other hand, toat fanctioDa, both 
mental and lAyaloa], an weakened by not being brought 
into nae when they are ready to be need. 

Thla aaeana that the mental oondltlan of the child 
aboold be oarefully determtoad to aw whether the diUd 
aboold be allowed to work at alL IMon thla la done 
It la abeoltttely neceaaary to know the kind of work 
the boy or girl In to perftom. After It la determined 
by toata that be haa the mental eqalpaont and the do- 
greo at knowledge neeaaaaiy to do Jarenile work, the 
next proUem to be aolTed la whether hie phyalcal con¬ 
dition la BDch that tUa partienlar kind of work wlU not 
hatiQ him. Blnee labor dlfleta In character, oocupa- 
tloua Bhoold be daaallled and the boy or girl ahould only 
be allowed to perfonn the clianicter of work that la 
beat adapted to hla phyalcal condltlou. 

It la erldant then, that aome additional aid for deter¬ 
mining the lltnaaa of an Indlvldnal, either for hbi achool 
or phyalcal work, beyond the naoal auperddal eumlna- 
tlona now oondnetod for dtneaa, ahould be required. A 
Tory etalnent phyaldan of cblldreo'a dlaeaaea. Dr. 
Thomaa If, Botch, haa for aome yean been making a 
atady of additional meana of determining the relation 
id idiyaMl dtneaa to certain degreea of labor and to 
achool work. 

Tbt dow relation which la known to exlot betwoen 
pliyaleni growth and the derelopment of the eplpliyaca 
led him to make aome Inveatigatlon by meana of Roent¬ 
gen ray on the Urlng anatomy of 'early life during the 
dlfforwt atagee of development A atudy of a large 
number of oaaaa ahowed that under normal coudltlona 
all tba'oentara of oaalfloatlon pnigreaaed with compara¬ 
tive regularity, and that the degree of development of 
the wilata and h a nd a rqireaented to a fair ilegree that 
ut the entire body framework. Thla ootTeapondcnce of 
the devdopoMnt of the wrtats and handa to that of the 
rest of the akdetao la eapedally fortunate, aa It Ik evi¬ 
dent that the wriata and handa are the nnait available 
parti for routine examlnntlan In a large number of 
caaea Thla anatomic relation baa been aulwtantlated 
by other phyildana of high atandlng. 

Bo that a mote reliable end very practical method of 
conducting n phyalcal examination may bo auhatltuted 
in which nonlta wUl ohow whether the child haa the 
proper phyalcal devalopment to perfonn phyalcal work 
of a certain charaetor. Ikla method of phyalcal ex- 
nmlnatioa la at preaent cooducted by the United Statea 
Govenment at their naval academlei. 


The eblldren who go to WMk In the mllla leave achool 
ut a very tonder age, a time when they have llttlo liking 
for achool or Intweat In the aubjecti they learn there. 
They have received abeolutely no InduatrUl training tor 
the work they an going to da The Indnatrlal opera- 
tien of mttln and Wopa at hHloy an an highly ape- 
dallied that the operaton an not obliged to exerdee 
any of the tntnlng they hare reodved la nehool. Tlw 
nault li that thay rapidly low the hahlta of thlnUng 
and ^ powar at IntUatlre, and whan they nach the 
age at ilghteen, and cannot any loogar perform the 
openttuoa of dndtog, eta, on acoount of the attffneea 
of flngan they beoome dlaaatlalled and Mvi tha mUI 
and foM the army of the nakllled. 

Baton tha odvant of the foctory ayutem Juvenile ap- 
pMBlinahlp waa dtonman ou the form, the bonaehold, 
and to tha tzadia The child waa tonght the pnctlee 
and Ihaoiy of hli tnda In addltkn to learning the 
ord^ proeawaa ct hU trade and aeelng the ueceealty 
at ccutlnuona aSgrt, he learned the pnotloe of the 
■man aomemM whieh an tha baaia of tragaUty and 
thrift. Ba taarnad to at maana to enda and beaoaw In- 
anuiaa hod bmottn. Ha Miwad that when many 
woclnd toidhar wnir Itttla bdpad, and that only by 
Bwtahl foilp oovld tha bwrt laaidta ba ebtotnad. 
i. Wb fomt act o« tha ptiadpla adagltted by everybody 



■xpideiioe baa ohown that evtmlng tdMola do not 
appeal to tlnd children. Boya betwew tourtoen and 
■avaiitoia have the “gang q^t" to them, and after 
working hard all day they dealn eompanlonahlp of 
thdr follow worker! on the itreet cornen, or moving 
l^ctan diowa. Thdr eyea, wrariad with long labor to 
tha day, cMinot endnn the fatigue of bo<dc work by 
night, bat they an terlved and changed by the sidandor 
of gay Ughti of the tbeateri and moving pteturea. Phy- 
atdana ooollrm thla experience by atattng that while 
theae chUdren require educatioa they abonld not at¬ 
tend evening nchoola after working nine or ten boun. 

It may be eald, therefore, that while we have built 
np In the indnatrlal centera of the United Btatea at an 
onormooa expenae a coloaaat ayatem of edocatlun offer¬ 
ing opportunity tor a general education aud prepare 
for admlaalon to collegei and higher tochnlcal achoda, 
we have folletl to provide for the greater majority Of 
boya aud gtrla wbo cuter indnatrlal life In Juvenile iiccu- 
puUouM. That bt, a practionl relation between Indnxtry 
and education for that great maaa of pnpila who aro 
going to work with their handa aa noun oa the law 
allowa. We allnw the naulta nt our eduntUoual ayatrm 
aa far aa theae chlldreu are conrortual, to be very largely 
woated end limt. We ceaae to eilncate theae all Im¬ 
portant yMn, during which we all know that edmntloii 
la moat needed and valnable to our wi>rkliiR leople. 

The German gorerumont haa aoivcd the edniwtiuiial 
problcma in a more aattafactory manner than any other 
country. According to their aeht-mo of education, crery 
worker In a pnifewdon, trade, or commercial paranlt, 
muat not only have a general mlucnUiai, Itut tccbnli-nl 
lireimraUim fur ttiu lairtloular work aelected by him. 
In the United Htatea wo believe In the «ame (adley. hut 
apply It to thoae entering the profeaalon only, dlare- 
gardlng the great maaa --416 per cent—that leave acliwd 
at fourteon. 

(iermany, by recent loglalatlou, lualata that every 
child be under educational Influence till the age nt 
eighteen. The child may Icnvo the common achiHil at 
fourteen. He may go to work, to n higher achool and 
prepare for college or to u Ua-hnlcal achto)!. If be guee 
to work, he muat attend claaaea colled contlnimtlon 
ocboola, claaaea to thn extent of eight or nine hinira a 
week. In the Unitetl Btatn* Im nioy leave achool at 
fourteen, and la uot obliged to attend any other achuol. 

In order to overcome the edncatlunal weakiioaa of 
our preaent dead end or blind alloy occuphIIuiih, we 
muat provide for working youtha opportnnltlra on a 
part time ayatem, an education which will meet with 
tholr Intereata ami Uatea, aaBiaUng each to become pro¬ 
ficient in aome line of work that be may enter nfter 
paaalng bla ueefulneaa In the a4>-called blind alley 
poalUon. 

Experience of cdncntcHU In Uibi country and abrwd 
who have worked In large factory centera agree that 
It la a poalUve liarm to retain the great uiuaa of chil¬ 
dren between tbe agea of fourteen to uigbleeu In n 
Bcbool on a full time baahi to apita of the many aaaer- 
tlona from aoclal leaden to the contraiy. niej have 
neither tbe mental eiiulpmeut nor the Intereet to devote 
ao much time to academic work. They have dcacended 
from nnceatora that mature early In Ilfo and have iii- 
tenaely practical idcaa. 

Therefoict they abonld receive an odiicatlou adapted 
to their phyalcal aitd mental equlinnmil^-part time aya- 
teu of educatliai. Tbe educational training ou a (airt 
time boala for boya In tbe ao-callcd akllled occupatlona, 
where there ore aulBclont op|N>rtuoltloe for them to re¬ 
main all their life ahould be f<ar greater effldciicy aiul 
dvlc betterment For the boy In tbe aoamlled nnafcllled 
or factory opentloua, where there la a ladi for farther 
advancement there ahould be a trade training ao Unit be 
may receive during the yeara from fourteen to eighteen 
the beglnntiig of n skilled trade, ao he may he accepted 
Into one of tbe akllled tnidea as a uiefol beginner. In 
tliti way tbe port time achoot acta as a port of oolry 
from unakUled to akUIrd trade, and removes tbe hlrong 
foeUng that exlote tanlay that our present achool la un¬ 
democratic in that It takes rare of 10 iwr cent In the 
community and ignores the 00 per cent wbo moat work 
largely with their hands. It will meet tbe great odu- 
catlonnl needs of our splendid todnatrtol ayatem by aup- 
pMmitlng the highly apectoUaed experience with an 
ontldato of, more geoeral practice and theory. 

For giria to Allied vocations, tbe training must be 
for greater eOdeiwy—a aappleiMntary trade training 
to caw of aeisomhle ODploymeats and a training In 
houMkeeptog. Btoee women have more or leas to do 
with tbe bone, tt la doubtful If there Is n more effec¬ 
tive ay ate m of education than housekeeping. It will 
bring both baaltli and bapploeaa to tbe home. 

Hie eflleleiit demoontio acboti of tbe future must 
have n oonrw of atudy to the elementary adioola that 
win be adeiitcd to the eptltudw at the gnat maw of 
chlHreu who are motor rnlmtod and muat be reached 
through the aanual and objucttvu methods at teoAtog. 
ta thla way huvllfl wQl be attructod to tha achooU aad 


not Iwve aa soon os the law allowa. Toaatlonal ad- 
riaora ahould be eatabUahed to awlot and direct chil¬ 
dren to eelectlng vocatlona and while attending com- 
puloory part time edneation. Intelligent eolectlon of 
NU occupation le tbe reeult of IntelllRent preparation. 
We cannot expect young people to find thomwlvea voca- 
tloaolly without furnlihlng them with any raw mate¬ 
rial for thoughtful wiection. Our public adiocd ayatem 
Bbould audit our eoelal eoconnta and publish the eppor- 
tnnltlea avallalile to young people, that they may cfaocao 
their life work oclentlllcaUy, and In this way reduco 
our acraii-heBp of unskilled labor to a minimum. Blind 
alley Jobs will then becoino porti of entry Into mote 
akllled and profitable pualtlona. 


Trloltrotolueiie la the War 

In a recent article reforonco was mode to the Iilgh 
explosivee used oa bureting chaigna for ahella, tbe most 
important l<eing the inuoh-disouiaed trinitrotoluene, used 
laiRcIy by the nermons. The following summary, ftom 
Nalurt, an able eontributlon on the aubjeot, publlahnd 
In the SI. Tkomai’i llotpUal OaieUi for Dooember, will 
prove a useful supplement to the previous artiole. 

Few people lealiie the exaetiog oonditiona which a 
high explosive for ahella muat fulfill; these may ho aum- 
marixed as high bursting power, stability in storage, in- 
sonaltlveneeH to shook on firing from the gun and on im¬ 
pact of the projectile, where It is desireil that penetiw- 
tion shall precede bursting. Tet it must be puMhle to 
cause the material whieh withstands such drastic treat¬ 
ment to detonate when lequlmd with frightful violence. 
It is a eaan of roeoneiling the irreconcilable. Further 
points are safety in handling in the shell factory and the 
suitability for produoing maximum density of loading, 
say by some such method w melting and pouring into 
the shell. 

Tlio brisam-e, or Imratlng power, Is shown lo depend 
on the potential enurgy of the explosive, the velocity of 
detonation, and the degree of uoni«ntntion (density of 
loading) 

It will Ik) realised tlust few substances srill fulfill such 
l•ondltil)n■, and the numlier will be still further reduced 
by diffloultica and cost of manufacture. Thu paper 
diamisset the four most important explosivee which have 
boon tried for thla purpose, namely plerie oeld (lyddite), 
trinitrotoluene (TNT), tebanitromethylanlllno (totryl), 
and tetranitranllino. 

The trinitruloluono is tbe ayminetrioal iaomor (1:2; 
4 ; 0) melting at H0.6. It is manufactured by diaaidving 
erlluuillrotoluone in ooncenlrated sulphurio acid, nitrating 
first to the dinitro and finally to the trinitru stage, tbe 
puriOealion being effected by rcrrystollixation from ethyl 
alcohol oontoinlng a little bensine. 

Data are given of comparative trials of TNT and 
picric acid, both in France and (Iermany. In vdoeity 
of detonation and with the lead block teat (inerroao to 
siie of cavity on firing a charge) the advantage ia with 
lyddite, u the following figures demonstrate: 

Lyddite. TNT. 

Velucity of dotonatiun 7,746 7,140 meters per second. 
Lead block test 22H 218 oubie oentimetor. 

TNT (wused, however, a greater displooement of earth 
than lyddite when fired in a bore-hole 1 meter deep. 

Except in thn lost instanoe, pinric ociil held a dooidid 
advantage throughout, and the question at onoo arises; 
Why, then, haa trinitrotoluene been adopted by Oermsmy, 
Ruasia, Italy, and other oountrica in proforoiioo to Itoi 
picric acid that ia atiU mainly used by ua under the name 
of lyddite, and by Fronee under the name of moiinitoT 
The slniggie between the two explosives haa been long 
and of doubtful issue, but it has now probably ended in 
the vlotory of trinitrotoluol. 

In rurnlshlng the answer to this oonundnim the writer 
continues: 

We have seen it to bo inferior in nvord Ui imwer, 
veloelty of detonation, and density of ennoontmtion; its 
advantages lie in its greater Inaenaitivnncia to thunk, 
Ita freedom from poitonous dust and fumoe, the much 
lower temimratnre nt whieh it con bo poured Into nhoUa, 
and its ehomloal Indiilerenco to Bubstiuioea like lead and 
iron which ore liable to form dangerous plcratoe. When 
firing a shell airsinst a ship’s armor, at eortaln limits 
of the UiIckneH and tuughniaa of the armor-plate and 
of the vtdooity of the shell's impact, plerie arid would 
explode when trinitruloluol would i^orm Its work 
efiloicntly, and the Utter U therefore twtter adapted to a 
high-velooity shell of Urge caliber. 

Sinoe TNT eontotoa too small a peraenlago of oxygen 
tor oompleto combustion, attempts to use it Ineorporaled 
with bodira rinh in oxygon, luoh aa potassium ohiorate, 
have been tried. The Belgian high exploeive, "ma- 
uarile,” U stated to oonrist of 30 parts of TNT and 70 
parts of lead nitrate. A very high denaity of losMling 
is tiius attained, but tbe velooity of detonation of ma- 
carite is given as only some 4,000 metera a second. 

In mooludlng hU article, the author says that tetrant- 
tranfline nr totryl aoem to be the only known aulMlancm 
that may sopanada trtoltrotoliMl. 


SOEminCAHEmCAK SOFFiEMENtMl 


Gyrostatic Action* 

As Applied to Torpedoes. Sulmiarine Craft and Aenq^uies 

By Jos. G. Gny. D.Sc., F.R.S.E. 


1 1 Ih tbc object of the present paper to ducilbe n 
iiuiiiUr of gyrostntk (Je\lces available fur routroUIng 
iiiuliiB bndlea ibe gyroaUtli motor cart aud bkyclea 
nhicli are deairlbrcl In this and my prevloos paper to 
tin liiatltutlon should bo rcMcrdcd merely aa a kind of 
I c 11 idULt the reel object of my work on lyraautlca 
liiH liccii dinged to the production of gyroetatlo con 
lie In fur torpedoes aubmarlna craft airships and aero 
lluiua 1 be motor cars and blcycloB do bawsvsr prove 
11I liialtely that the prlnclplea aud methods of opera 
tlun that have been evolved are dynamloally eorrect, 
iiMl that the applliatlon of these prlnclplea to prohlenw 
r aubmarlni and oeilal warfare promises to leaiilt In 

I III productlou of niaiblnery of cnat vaino 

lu nil the inKa ronsldered In the present psiier the 
>iliilillllr of the gyrostatic system Is delved directly 

II liiilirtitly from the propellbig vstem Heni« thane 
INI a do not Include aulutlena of the monorail prohlem 

for they have not tiue stability when they are at rent 
iiunliig In the bnikward dirertlon The tandem 
a heeled motor cars to be described fbr example 
although they may be set to run In a perfectly straight 
path will not balance on a single rail The devlees, 
however have properties which are not p oss e mid hy 
any of the mcmorall devices so fHr evolved and It la 
these very properties which promise to he of value. 


suppose It to tut over on the table As a cooasQBsnoe 
the gyrostat pweesses about the cross btnringih Md the 
liracessloa Is aided by ths vrlng. with the Nsutt that 
tbs frame erects Itasif Into the vertical But at the 
Inatant at whldi tba frame hea atUlned the vsrtiaal 
the q>riiig la out of Uae with the frames sad la enrtiilg 
a momont on the gyroitat Under the taanenos of tUe 
couple the gyroetat eondnusa to ptecem ehout the Una 
of contact of dM teat with the table that li^ the sntn 
frame paeasa beyond dm vardoal paaldaa, gftMr wtakh 
the leteMl InatabDIty of the endra stmetara rsenlta In 
the eatabUifameDt of a eonpie tending to aecrimata dUa 
preceHtonal modon Ihla conpla canma pcaralnB 
abont the crom hearinga bringing tba crank and vrlng 
Into line with f bat when this slignmsnt oetnts the 
entire top li Inclined from the vertical, and to on. The 
ampUtndee of tlmae oeellladoea oondnnally Inetaaaa, 
and flnoUy the top ffeUi ever 
Again rappoee that studng oa before witb f, and 
the crank In one vertical plane tbe crank gate ont of 
line with t As ■ raonlt tbe ^irli« exerts a mimait on 
the gyroetat which, In conMqnsnee, ptaeiiiM about dm 




It !• n iBssm u y that tba aaedly dMsMed te flletfM 
shsold be mnda good, 

Betaratgg pevtoncl, RwmkiMMlMtbniltt 
toplspMTldad wIthMrepcelaettacptoeiabb. fade, 
oigned It may be let np to a Mt and uedialil nfoontta* 
tatoowntongX ThoflysrlHdOftha(yntogtM tot 
Into lapld rotaUen. and the Mtiwft msmtoM on 
the fork with ths trema / and tba «mdf to one TMttol 
plane. The tortc la giaspto to the hand of «be opato 
msnter. Kow, s up p u es the ananfiasat to tUf am tba 
fork bearing ». «» Tha gyrdatot p r i y aia mi tba 
baarlaga that carry It on tha fmai^ and htotodtatoly a 
oonpto doa to tba aprtog, tending to ee calma to tha pto- 
eamienal modon. eamM toto exMsneo. At tha toma 
dma tho oxporlmantar tana tba toch. ao aa to tetog tha 
tnma Into Una with tha oaak Frovldtag tola apma- 
don u proparly eairiad out toa ftamt la nstond to 
the npriglit peaitlaa and tha crank la to Una with It 
The torlng haa aopplled eoargy to tbe ftama to ratoor- 
Ing It to tbo upright poaftbm, and the potsndal eoargy 
hat by tha mirtag baa bami made good by tha aspari. 
mentor Tfana tha aapmlmeotor, bf cauatng tha tnma 
to follow ap any p r a nrtmi i l modeo of tba gyroatot 
endow! tha ayatoaa with oeotolato atablllty 

Now, lit a weight If be attaebad to one side of tbe 
frame. Thia at eoca eaniea ptaeeasion af tha gyroatot 
and tba aatablitomiaBt of a eoopla dao to dm metag 



III b ig 1 le ebown s form of etllt top A gyroetat la 
mouiitod as shown In a frame f Tbe gyrostat Is on 
Cl OSS bearings carried by / When t <• upright tbeae 
bearing! are In a vertical Hue The crank o, which ta 
rigidly nxed to the frame of the gvrostat, la attoebod 
to emo end of a otrettbed aprbig 8 tbe other end of 
which In fastened to a point p In the mein fnnie It 
tbe lly wheel of tbe gjroatat ii ect eplnnlug and the top 
placed on s table with the plana of the flywheel sod 
the main frama f In tbe eoina vertiisl plans, and left 
to Itaelf It will balance for a coneldarable time If the 
spin Is gleet Initially f Is In the asme plane ts the 
spring 8 The stretching force In the latter, therefore^ 
exerts no moment on the gyrostat about tbe ercoi bear¬ 
ings w bleb Attach It to ^ bat ss soon os the gyroatot 
piiNcsan on the latter besringe the crank gets oat of 
lilts ultb ihs frame and the spring exerts e roomeut 
In the direction of the p r eceeslousl motion 
lbs entire top wbmi vertical Is unstable without 
rotation of the gyrooUt flywheel, about the line irf 
conUrt of ths feet with the table ruitber In oouse- 
qnence of the stretched spring tbe gyroetat Is nnatably 
mounted on tbe frame Thus the gyrostat Is doubly 
uimtablc wltbout rotation of Ito flywhoal 

I lie ni tion of tbe top Is as followi Btardng with f 
III n ccitlcal plane containing the crank and spring. 


line of contact of the feet of tbe top with tbe table 
This preceashnul motion Is antomedcelly Mosleratsd. 
and the qiring la thrown Into line wItb f, wbldb la new 
Inclined from tbe verdcat and eo on 

It will tbns be semi that sUrting with the mebi 
frame and tbe spring contained In one vardeal pi»ne 
tbe top belancee and If tbe vln le great the bolonalng 
power Is very oonsidwiblo Bet tbero la not true 
■lability aedlladona are oet np The troma oedllatoi 
to and fro on the lep tbe gyrartmt oodUatea to tad 
fro on tha beerlngs which attoeb It to tba frame It 
tbe atablUty were reel tbe top. If itartaa In on inHin«.i 
poddon would erect Itidf into tbe vmdeel ana with tba 
■iwliig In tbe plane of f 

It to Intetsedng to cmialdef the action of tbto top 
from tbe onergy point of view Tbe andn ntnetare to 
tuufeible <m tbe leph and tbni pomiiei a atoefc of po¬ 
tential onergy Again, potontlal tnoe gy to toorod In tbo 
Nprlng Obvlonoly tba entire etoek ef potondol energy 
le t ffioxlmuffl when tbc top to nprigfat witb tbe ernak 
In tbe pbuw of t When tbe frama tOto on tta len 
end the gyroatot tnrna oa tbe frame baarlnma onmqgy ia 
dMpated to Mcthm. Oonseqaantiy, ones tba frame 
boa bacoma Indtaad to tbe vardeal, or tba crank Ima 
got out of line with tba frames tbo aystom canaot ratam 
of Itself to tba position of maxliamn potsndal vaegy, 
that to. to the poaitton ia wtoob tba crank and tnaa 
in In one vsrtlcal plana TO obtain eo m pima itablllty 



Tba exporbaontar tuna the fork so sa to tetog dw 
fnuno Into Uao with tba crank Hore onmiy to 
tranomlttad from tba mirlag to tba foama by ateaM of 
tba gyroatal; and at the aunt dma tnsrgy to Mw 
■uppUfld to tbo spring by tba OKperimontsr Tte fluia 
tanio on tbo fork bearing so as to rttoo tba wsigbt 

nntu tba eaatar of gravity of the tndra -rn r l to 

vrodcaUy above tba ttat of li K Tha aprtaf to now In 
Una with tba tmian and eooeoqnently Ko staok ef poton 
ttol energy to prootoely that which It poatoHd at tbo 
•tart of tbo aiporlment Tha energy ranlcod to ittoa 
tb a weight a gtlnat gravity baa ban aappHad ly tba 

Fig. 8 mnatiatse tbe appileatioa of tha pitadptos 
jDto dtaorllNd to tbe oonatraetton ot twnmMad and 
fonivwbomod gyroatade motor cnii. Tbo dgaro 
t ow in which the wbeato of lAleb tbme an two. nn 
In tandn The gynatat y to flmnntad on top and 
bottom boutofli movldad to the main traato F. Onacd 
tbo aAlto which onny tba gytortat to rnttondal, and 
tcctatoatoo to a baaitag tor one at tbs whaiia W, ad 
thaev Tha oQpmrnedan to sneh that this kteto to lb 
tbe plaaa ef tha dywbaal of tba gyaeatot. «la touk 
whoai to gmurad *p to drivingniiiliaiilmB Ibo«rMatat 
to flttod with a crank and tortog davlo« a! akaady 
doKrttod. Amws on tha iritoato todtento the dbnetkn 
of niMton of tte ear. 

mt Oto Bytobtoi bo am toto rmw tototto*. toia Oto 
car ptoaad an the iaor «d» tho amfii fritob th« Jto» 

wbml Of tha gytosM tba tno wbNia n«patd« the 
davtanandthaenmifeanoimtleilpliBn UtdBba 


^^hakboa an ttg 'bM M 
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ikm 4to7lH m oiwtit Airivu fto itrtnwii g 

aprw IMI «« WIM tti liMfe tc poliiittal 

MMiir ttw wlat la dnwa ^pap, u aqittl 

If M*ir k ngplM l» it br tiM 

ppMua m IjioaM tbw ditoati up t« 
dW to Vlt IB •ltk« dfneltaii OiUi >pn tiia ^ng 
fp tt» amauy eomctiiic ftwea^ ud npon tlw 



M CU 

rig. l^-6piwtotto mUm-tu ltt«d witk «m 

tidnag wdgUa. 


pnpillK tp Bmiiitain omtut th* uantr Bna wn d bf 
tlw igilBfr 

nt* vniMte Mttoa of tUi dtrloa bi lllnatnted 
fltplilodlrlang 4. InivoM tbo eu to itut pwfOGtly 
boltooid and nprlftat TUo ooodltkMi U alMini In (1) 
of tiM dlofiui U) of ttao flgonu n* omw at 
tko iMck of tlio or rimn tbo dlnctkia of notko. and 
tba CWfOd uiow attaebid to tha gmatat Indlcatoa the 
diraetlon of ntatlon of tba Hrwhoal Tha angnUr 
BunMBtan anp ba ognpMilT tagnantod bj a atralght 
IIM drnrn oat Urn tba drvbaal toward tba raadar 
Tbna at la tbo «Ib axia. Mow tba car ti anatabla about 
tba baa of caataet of tha wbaala with tha ground, and 
banei^ attar a abort Intirral, a tandcacp to tUt In ana 
or attar dlractta wlU aaaart ttailf dnppoaa that wban 


tba oar fa la tba poaltbn ( 3 ) tbaia adata a tandaoqr of 
tta dtfloa to tilt toworda tba raadar Thia tilting 
oonpl# to rapraaantad. ooeordlng to tba naoal 

oonraaftoa. bg a Una a, (tta ooqda oxla) of propar 
tongtt dmwa oa abown In ( 3 ) toward tba bock of tba 
car Tbt gyrantat ptaraaaaa ao that Oi tnma toward tha 
Inatontanoona poaltkin of Ob tha ecatik eomoa ont toward 
tba obotorar, and a conpla tan fltn g to tom tba grraotat 
oonnttrolottwlaa, aa vtowod from aborab to aatabUabad. 
Tbia ooavto to lapaaaantad tv a. In (S) Tha gfx^ 
otat aow prioimia ao that Ot moraa toward tba Inotan 
toatoat pooitM of tm that to tha ear araeto Moalf 
oolHt gtarltr, tt iBOfai awop from tba raadar obont 
tba Una of ooataet of tbo whada Witt tta gtonnd. Tha 
tilting ooapto to tbu rodoood and dntUjr omrallad. 
ruttar, and ttto to a point of tta graatoot Uapwtanc^ 
In rmnaaipiwra of tta fbet that tba gproatat to ataorlng 
tba oar, wbldi to atorliig to tta forward dlracUon, tbo 
want of aUgnnaaf of tha crank and ear to bolng lo- 
dneadi Ttaa a. oitt a. d lmlnl ab togathor, and tba car 
todaoUptoftaatn (4) of tta top diagram of tta tlgiire 
Mow to tottadgata tha annalmant of tta toatabUitj 
Inttadaead bp tba crank and aprtog Tbto will be 
nadantood from tha tower diagram (A) of tba Ogare 
In ( 1 ) tba car to ttown balanoad to tba ntnrlgbt poattton 
Witt tta crank to Itoa wttt r Snppooa It to gat out of 
Itoa Witt tbo ear wlttont ttera being anp tendancp of 
U» lattar to tUt (ttto mapbadaotoajolt) lattbe 
dtoptaoimttt of tta crank be towardi tbo raodtf Tba 
coMa towag bt toto a alaton ea bp tba want of allgnmont 
toJipctotad bp 0, of ( 3 ), and tta grreatot tomi ao 
that mam toward tta to ato n t a n aoaa poaltlon of a„ 
tba nts tana ortr ttaoi tta ivclght poaittoa (awap 

fttob tta Nadar) and a emipto raproaiatad hr a, of ( 8 ) 
oottaatatoplar no gpioatat now tana on tbo rarttoal 
bagiltoto tt tt* dfnctta which nanlto tt a. aoTiiig 

towaM tta laabnatonaotN poattloa of a'r-ttat tt tt the 

dinatia* which bctoga tta oaaBk tote Una with tba ear 
ntoopapla «H to wut of aUgnmiBt ct tba cnnk and 
tttm dto ap paart y brt tta oar to toft Indtoad to tbo 
awOttb nh Itiiga to abm tt (4) Tbo gpnttot to 

..tog 0 * tito nrttoal baaNm and a eoagito rapta- 

m lottinttwad. Xlto nmttog prao» 
ttttAttattotoand tta foawwd tootton foNlt 1^. ^ 

gjbtt 4< attotoMto aa atoandp mitfatoadi and 
ttwf4MMattWb«>iibawntt (4). It to now npUght 

fJOX'sssii'S.-ss.i:'^ 

attl y wWtoto fc NattOt N ab»w» Tbo aaHon la. 


l»^>^dagaitn 




dottoa ar^ bowanr giaatlp addod to bp attoohtog a 
woight W to tta frame of tbo gpmatot, aa Ohown to 
ng 8 (a) and (b) It tbt iproatot to tpiimlng in tba 
dlraottan to whkh tbo wbaoto of Iba ear rotata^ tba 
walgbt abooU ba ptooad ai to (a) It tta diraetlon to 
ravataad tto wtoid>t ibonld ba aa to (b) Conaldar 



ng d. 


diagram (a) Let a aide walgbt ba auppoaod attacbad. 
Tba car banka np agalnat thli weight with the raoalt 
that tta line of tha frame boarioga becomca locllnad 
to tta rartlcal A couple acting agalnat the aprlng la 
then anrilad bp V A itaady atato la aoon arrived at 
to whieb tbo coaplas applied to the gpraitat hr the 
qwing and br IT are aqnal 1 ha car la nut oulBclently 
banked up to ooronot entirely for the aide weight and 
the gyrootat propeaa oa (ootluiially fha car morea In a 
clrcnlar patb 

Whra tta aide walgbt to tamoved tba device 
etralgfatena Itavlf out and procveda In a atialgbt path 
Attaching the aide walgbt to the other olde of the car 
canoaa tta latter to move in a clrcnlar patb In the 
oppoolte direction to tta former one 

Ilg 8 I* a ihotograpta of aa actnal working model of 
a two-whaoled car uwatructad on tba above prlnclpiea 
In tbto modol tbo front wboci to tba driven one The 
gyrootat li carried on tbe main frame on vertical boar 
Inga It etaen tba batt wheel throogh a link attach 
meat The car la available for demonitratlng the prln 
elplaa wUcb bare been txplalnwl A mncb larger 
model providad with an electromagnetic iteerlng davl e 
capable of bolag actnatad by tbe wlreieoa tranmnlialon 
of electrical action boa been aoastTucted It la houavd 
to tta Bdenee Mnoenm Booth Kanotagton 
(To »a eoaotodMf) 

TIm Efeett Of Baads <tt Ettctneal CJondnetm 

U a abort artido In tta BrMfA IfwNapboaw Ooeelte 
Mr P Jattaondl aco mmttaageotofbiBdaandlocpoco 
tta Indnetanoe of a condoctar It to ftaqaently atatad 
that tta laoda to and from appantna—a Ugbtnlng 
anoatar for axomple—aboold be aa atralght oa 
pooilhla baoBoie abort oonara anglaa eto introdnca 
an nndoalraUa amoont of tndnetanea TUa, Mr Jock 
■on oontenda la not otrlotly tma. Tbe only teaaon tor 
■voiding ooman and ben^ ba pointa ont, la tbat a 
crooked Una cannot be tto ibocM one between two 
pdnta In fact, no matter bow crooked and totrioato 
the patt iffordad by a condoctor, ao long ■■ oae loop 
dooa not Uo over anotbw Ua taipadanoa cannot bo groat 
ar^-ond to to fbct aomewtaat taaa—than tbat of the 
mmo condnctor aCxatdied oot atralgbt Thoae who have 
been to the babtt at looking open loopa nnd benda to 


ng 1 

oaodnetoca aa dotrtoMUtal tram tto pdnt of vtow of 
low indaotonet mop fNl to dte ad to ratoct ttto atoto- 
bmM, bat tt tovpoct of tbe argomaot Mr faebaoD pate 
forward tta tbOowtag motoiatloa Tba Indortanee of 
a dagla ton of wirt to tbe form of a drda to doable 
that of a olmlUr loop of half tbe diomator Oooaa- 
gooBtip •■■ll*' IMI* tta Indnctanoa to prcporthwal 
to tta toogtt of tta wtra, to attar wordA tta todootanee 
to tba oaoM par fbat of wire 
It tta leap ba aado wy large, than a amall aoetloa 
of tt to appaolmatolp a itnlght Uba Bod tta todDOtonoe 
mop ba lutoiUtoif to ba agool to ttkt of a Mralght 
w toto Btotoo «N tedaetanoa a fate otof wlia eartplng 

port af a atooD loop or a lazft ena ar • itaWtt acto 




dnetor Iba diamotar of tta wire bowarar baa an 
aOaet whiab baa not boon oonaldwed and furthermore 
the atatamanta do not apply to ooOa to which there ate 
two or mote toma For tbe atatamant to bo atrlotly 
trne tbo dlamatar of tto condnctor mnat vary with the 
otoactftteloop tt not tbe Indnctanca toeteoaea allghUy 
more laiddly than tbe linear dlmanaloaa of tbe loop 



Pig 3 


NralectiiiL thia however the iitatementa may be taken 
aa correct Amume tbat loop B bi Pig 1 taaa twl-e 
tbe linear dlmeaalooa at loop A and of coorae an area 
fonr ttmea aa greet Snppoae tba area of A be divided 
Into lay 1000 little portl^ d A and the clrcumfbrcDCD 
Into a amallef nnmber of abort arcs d a Wecandl\lde 
up tbe loop B Into tbe aame nnmber of portlooa end d B 
wtti of comae bare fonr tlmea the area of d A and d b 
will be twko oa long as do Now d b being twice aa 
long aa da tbs magnetle effect of enrrent flowing 
thronth It at any point will be twice aa great Small 
olemMita alao Uke dA and dB wUI be magnetluilly 
affected by d a and d b Invenely as tbe aqnare of their 
distances from one another 
In general since tbe linear dlmowlona of B are twice 
those of A distance B will be Nice as great oa distance 
r and tbo magnetlL effect of a glvm enrient in d b on 
d B will bo ona half that of a abnllar enrrent to d a and 
d A However the area of d B being tour tlmea tbat of 
d A and its flux density one half aa great It will contain 
twice tbe flux Tboro being tbe same unmber of ele¬ 
ments d A and d a as there are d B and d b the aanip 
conditions holds tor the whole ilnles or loopa of what 
ever shape ao hmg aa they are similar lo other words 
tbe flnx for a given ronent varies directly with the 
dlmunalons of similar loopa and coUa and the Induct 
Slice la tbe same per unit length of condnctor 
Now suppose that loop B were many times sa large 
sa loop A so that a length of anch condnctor equal to 
loop A from p p would be practically a attaint line 
Negleittog tbe toflnence of tbe alae of tbe wire whhji 
wan ratbned to above. Its todwtance would be the 
same as loop A Thus loop A from p to p has no greater 
todnctance than tbe aame ormdnctor itretibed out to a 
straight line In other words bonds loopa ud corners 
are harmfnl only becanae they Involve more cendurtor 
and not baennae such loopa and bends to themaelvta 
Imrease tbe toduptauce Bnt this la not tbs ease If one 
loop Dverlapa tbe other as abown on tbe right of Fig 1 
In thia ume tbe Indnrtance totreasea to gueral u tbe 
square of tbe nnmb« of tarns Sharp pointa are bad 
whether at bends iff tbe conductor or alaewbirp tut 
r>r reasooa due to tbe atatlc rather than tbs moguclli 
Odd Tbe production of magnetic lines around a con 
dnetor or through a coU by magueto-mutive forir la 
analugooa to tba fluw of enrrent tbrongta a resistance 
SM tbe rianlt of u electromotive force In one case 
the flow of energy la propmtional to tbe valne BI B 
being tbe pressure and / tbe current and to tbo other 
case the stored energy la proportional to tba value B B 
a batog the inafiiet»motlva force and B tba flnx dons 
Ity With a given loop or otal U H be doubled by d ub 
Itog the ampdrea A wlU alao ba donbled and tbelr i rod 
net or tbe atuced eneigy wlU alao ba four ttoiea an gn at 
Tbe same la true If tba dactramaava tone api lied to 
a flxed resistance be doubled—tbe energy Input la quad 
ruidad It a ccU of given abape bu tbe number of 
tnnia doubled tbe value of H tor tbe same enrreut la 
doubled and tbe magnetic roluAuioe remains tbe aame 
ao B la douUad and A B or tbs stored energy la qimd 
rnpled In this case alSA os tbe stored energy per unit 
onmat Is gnadrapled the value of £ or tbe coafllclent 
at oMf todnetlon wblcb la a meaaure of this valne la 
oomqiaiidingly qnodrnpled 
Thia toet that tbe atored energy to proportlona to 
BB deveiapa onottaer toet which to Bomeamea nnand 
paotad. Taka a ooU anch u tbat shown to Fig 3 with 
u Iron flux path. If there to no air gap tbe flax per 
utt cnrmt to graateat, but tbe atored energy for a 
given flnx to nob If u air gap O be totrodnoed tbe 
valne cf H moat ba Urgaly tocreaaed <m aooout 
the raloctanoa of tbe air gap 13 m atotal vaargy B B 
ttu baocoMa o o naapondtogly greater It the mdl to 
to a otttoB relation to the drenlt It to moat effaetiva it 
tta alt fN O tt Jnot latga cwmih to panntt aatnrattm 
cf tta toon efanalt—Tba ■agioaar 







SaENIinC AMERICAN SUmjEMENtMoilMS 


UMk U. I«f 




The Future of the Police Arm’ 

Considered from an Engineering Standpoint 

By Heniy Bmere‘ 


Tnr author ttatn ai h» leafon for a dmnuiioii of 
lh( pruUimii >t pthoe admiiuiittatHin at a meelinK 
Ilf moohamoa) tncuinn that the mo«t ne^ootod Hold 
of pubho wmce in Amenna ii the poheo department 
There i> no part of munioipal admmiitration not lUelf 
in the engineiniig oatesor; that more urgintly noeda 
th< aid of engineeniiR methodi than doca the pohoe 
arm lit roakea thii aaeertion on two aaanmptioni 
with whiih he aaya there may not he Roneral acree- 
mi nt The Drat aamimptum n ezpreaaed in a definition 
of the aubatanoe of the enciiuynnit melhod The 
wnond aaaumptum la expreunod m a definition of the 
funotiona of the pohoo arm Tluae deflnJtiona are aa 
filluwa 

a The englneennK method eonaiata of applying 
arlentiikally determined knowledge to the exeoution 
of a partioular pnihlem and the uae of ordered and 
analyaed facta aa a baaia for formulating oonoluaiona in 
reapoot of that jttoblem Aa a reault of the repeatod 
appboatum of the ongueering method to like or aunilar 
problema a technique la ottabhahed for aohuntig a 
partu alar obj« ct repeatedly with leaat waato of energy 
and rtaouroe 

b The funetion of the pohoo arm of government la 
to aaeertein all the faota regarding the phenomena of 
enme and diaorder and by the nto of thoae taeti aa a 
baaia for aobon direct and oollatcnl to minimiia and 
extirpate enme and diaorder 
In reapeot to the funotiona of the pohee arm the author 
aay t that generally nntil now the funetuma of the pohee 
have been aaaumed to be lometliing aa foUowi 
a Qeneral enforeement of eertain lawi and ordi- 

6 h nfoieement of owtam other lawa and ordinanoea 
aeleetivily aooordlng to the feaaibdity of their enforoo- 
mant and the atatc of publie opinion regarding them 
e R nfoiomnent of oertain other lawi and ordinanoea 
on oomplaint of peraona injured by their infraction with 
partieular reapeot to the perpeteatora of the injury 
d Itqnewiion or prevention of onme and diaorder 
by the prooeM of taeit intimidation In other wordi the 
biaoa buttona and awinging night atiek 
« Phyotoal and mihtanatM niipreaaion of expreoa 
diaorder auoh aa nota and otreet brawla 
/ InveatigaliOD of crime oummltted fur the purpooe 
of tracing identifying and apprehending the anminal 
0 Performanoe of mapoetiona regulation of trafflo 
Tondenng aid to oitnena and miaaelUneoua other in- 
eidental funetioiii that are oommitted to the poliee aa 
mattera of oonvenh noe and are not geneno to the p ilioe 
problem 

The one eominim ideal of police aemee that haa been 
developud in Amenoan oitiea ii that Uie pohee muot be 
phyaioally well-nonditioiied and pemnally honeit Thia 
la about aa far aa any Amenian city haa gone erlth the 
poauble exception of T ibd i under the rule of Brand 
Whitlock and New York city to-day under the adminia- 
tration of Mr Mitchel and Mr Wuuda 
In the minda of the onnventioiial police orlmlnala 
divide themeilvea Into four groupa 
a Aliena enwuea of aooiety vioUtiiig the nghta 
Mfety and peace of a community to be put away 
thua gotten nd of 

6 Native inoomgiblee endowed with natural per 
veraity namely the familiar thug the gangiter the 
otook 

e Fortuitoua enminala who bei ome aubject to pohee 
action beoauae of moral lapae or temponry aberratMn 
Or aa belonging to 

d A miooeHanoDua group inoludlng apedal and in 
dividual oaooa too numetuua to taUlogue but eompre- 
liended gonorally in 174 itema of the atandanl onme 
claouflaatiou aa uaed, for example by the Now York 
police 

There haa been no reoognitian of onmea oa the eonoe- 
quince of remediable oooial oonditmna or the effeot of 
individual abnonnalitiea either phyaiaal or mental 
niulting from removable eauaoi 
There abould however, be a atatutioal baaia for pohee 
work aa there la a atatutioal baou for engineering work 
Then u nowhere m the world a ooUaoUon of aodal 
(lata 10 potentially uoeful to the duvelopinent of a ootn- 
munily aa be m every great munimp^ poluw depart¬ 
ment in the rogordi of arreita in the reeecda of crime 
dupoation in the Inveitigation of enmea m the not» 



hooka of pobeemen and in the memoranda and reporti 
of detentivei 

In the report of the New York poliee department for 
1913 the only refecenee to theee reoordi la fonnd in a 
ongla aentenoe nndar the haadhig Bnieau of Beoorda 
During the year 1913 there were reedved and filed 
in the Burean of Beeatdi a total of 8ft 018 doeiunenta' 

New York eity employe 11000 pofioeoien who made 
119 73fi aneete in 191d It haa a deteotive bureau of 
IfiO deteetivei who inveatigate ftftOOO oanea of onme 
a year but it haa not n eugle employee engaged on an 
analyeu of the faeti brou^t into the arehivea of the 
department m the form of reports on invesbgatMHU 
and reoordi of armeta CommlMionw Woodi u the 
fintpobceooinmuiionerinAmerioa so far as the author 
knew who has thought it worth while to put In hu 
budget a requeit for statutieiani Next year he will 
have a etaluUewn under the snpervlawn of a deputy 
trained in etatiitiod ualym who will itndy eumnt 
pohee ooaditiona and pohee woric Not only u he 
takug thu step but he u ntilumg every member of 
the force aa aa agent for gathering eooial tacts reapeet- 
ing suoh matter! as unemployment deitatntion im¬ 
proper guardianship upcm whi^ inteihgent pohee work 
must be pmdioated 

While It M generally known that aeonomu dlatreae 
and unem p loyment le^ to an inerenoe of small erimsa 
agunat property and the breakdown of natnial adf* 
oontrol no Amenoan pohee department haa ew an¬ 
alysed Its reoorda to correlate degreei of unemploy- 


mental attatude tomrte teeakara of the lane eod tIii- 
latore of the pnbHe peaoe and aoaial nghta of the em- 
mnmty u not advoented Oa the eontiwy, n rmy 
drmstw notion la lavoied regMdmg them whm swii 
aetum does not defeat ita own purpose It it leaof- 
niaed that the enatlng prodnet of eooial envi i C M ee n t, 
of die eaee, of mental degeneiaegr, of mcual pemnity, 
eaanot be dealt with thtonih ehminatwig ooaditlou 
wbieh breed them hnt have to be dmlt wi& timogh 
our penal maehinMy and wiU probably soonur or later, 
for the proteetum of loeioty, beoome the eubieet of pohee 
aotlon 

A Tity eonildereble part of present eitaainaitty eon 
be elhninated by mtalUgsiit preventive aetion Thia 
pnvwihve aetum should bo initiated if not netnally 
taken by the pohee To initiate it inteUlgsotly, the 
pohee most net not on gensral infonaatioa or faniarei- 
auma but on earefolly gathered data. Theae data 
will not in ovary initaaee point to dear eonetodons 
or ba oapable of definite aaelyBU The work of ear- 
Tetattsg enme to uioial ooeidltiOM la ptaetMaUy un¬ 
tried Itlaw and nnler he nt the faaata of todintoy. tf 
eooial adjustmenta are eeeieitiil to ono n o m lo weUM 
and dvle devekqpment then no aaetkm of the eom- 
munityeanigiKite the polwe problem It is parliealatly 
important that engueen who ere the expert advlian 
of our indnstrlal and eaonomle bfo dioiild maka tbdr 
apeeial aqimianee available to pohoe adnumetratan 
in fonnnlatug a method for amving at the foots under¬ 
lying the pohee ptoUem 


Blent with perpetratum of onme and Ahue fumiah the 
boau for police aolavity with regard to unemptoymant 
New York oity howovor haa had tha matter foroed 
upon Its attention Conditaona of unemployment last 
year funuihed the opportniuty tot anarohiahe agita¬ 
tion demonatiationa of videnee invneiona of ehmehaa 
and other duordeiiy praotieea on the avowed theory 
that only in thu way could the publie be brou^t to 
reeliM the crucial importance of unemployment eon 
ditioni 

Them violent mamfeetabona of disorder whieb had 
their relation to conditions of unemployment ooeumng 
in 1914 make it eemn a natural funetion of the pdiee 
to oaoertain the foots regarding eonditions of unem 
ployment in 1915 The polwe deportment u the logioai 
agency to oall the attention of the oommnuty and 
other bruichei nt the govenunent to the need for t*i""g 
oomo eonatnielive atepa to mitigate abimrmal unemploy- 
mcnl 

In New York one of the pnnilpal proUenu oon- 
fronting the poiloe u oontrol of traSe It was never 
conceived by the builders of modem aties that thew- 
oughfarea intended for rendential pnrpoeea and often 
< rowded with children would be ntih^ by hi^irpowand 
motor trucks and automobiUa and that many atreeta 
dengned for local traific would beoome the thorough 
faree of a vast population Aa a result of thu eomUtian 
there ore lolled each year in the streets 44S persons 

It u peouhaiiy the function of the pohee deparU 
meot to work out means of jueventug thu appolbng 
eondiUcn because the pohoo department Is eharged 
with reeporulbibty tor regulating tieAo Up to January 
let of thu year New York eity a pohee did not record 
information neoeaaary tcu an inteihgent aoalyala of the 
oonditMiu announding the death of persona m the 
etraeU although they an required to report the taete 
ngarding each oeenrrmiee ae a part of the ooronar’e in- 
veatigatMn 

By foeuamg the attention of pcdiee osteins and 
patndmen on the ineongnuty of uring eongMted tnffio 
etraeta tor play qiaaes tor ehiidren, tbe present poUee 
eo mm iei in ner obtained from patndmen end their ofBeete 
suggestiona ooneerAing the nee of veeant iota for ^ay 
purposes and for des^ to trafflo doniig oortain houte 
of ttie day streets used by ohildrea for play The ame 
feet that the pohee thamadvea formulato sneb luggia 


The latter part of the paper deals with pohee oegan- 
uation Invdvad m thu are qneetioiu of training of 
offleert aalaebon of offleeca ratuga for effleienoy and 
seleetwn for promotion anfraeement of due^iUne 
msthoda of oompenaabon weltar* aetivitiae, induding 
edueadonal work msdieal aupervumn and providon 
for insuranm and penaumt These vanoua quaebona 
are diaeiuaed briefly The author aaye further 
The ontatanding foot regarding eonventional pohee 
organuatloa is that it u military and the outstanding 
foot regarding mihtoiy otganiaabon u that it it not 
mtandad to aaeommodate itaaU to ahiftinf loeUl de- 
vdopment to tdato itwU mtunatdy to eommnnity hfs 
to be sympathetw and nnderetaiiding or to be flenbis 
Military organiaation deals with individuals as aub- 
servient numben of a group and not as seit-fovenUng 
foetora eo-operatiiig in the axeeulion of an undertaking 
In pohoe d^artmante it has aimed at the one eonudam- 
tlon e v ei' y where reeogmaed as tnndamental in poliee 
wodr namdy pmnul mtegnty The mihtoiy as¬ 
sumption of mo^ and mental dtpendanoe of eubor- 
dmatee on mpmor olBoen bee, however been one of 
the great wealrening fotoet of pcdiee work In the oaae 
at pobcepirm penonnl Integrity resulta from exeteue 
of adf-nutmint m inhibitiiig an unpnlae to aeeept a 
bribe to eonnive at a violation of the law or to pnoboe 
extortion The fiooltMi needed to redat tamptationa 
of tins obaiaeUr mnat be developed throngh a ptooaia 
of eelt-iebanee, throng a fonwilated, even thongli 
ludnaentaiy, philoeo^ of peteonel eondnet The 
addur oeaeee to be faeponnUs for hu motel eosdoet 
onoe he ptaoes bimedf under the eommand of a enpenor 
offleer TUe eondltioii while of eontie laea (n 

pobee asmee then in a purety miUtaiy otgaanatioa, 
etfll prsvaSa to a eertain degree, and has been a aon- 
apleniraa smbanaaaiient to the devalopmant or indtri^ 
pdlea initiativa In liugar Amadenn poUaa dapartmaato. 
Mr Woods. Not YoeVe pieaeiit poUea eonunMnOT, 
has no nOttey toainlag or eympMUoa, end u deaHaf 
wUhtheofflMnaBdDWoriiudapattiMMOBttMea- 
eamptioa that tiuT an aetf-eoatn0ii« and asIMailUtini 
eantm of pobee thon^t and poUastioik TUai^tliod 
u a pnalinig oobtnst to the poHay o( the eeartbel, 
or a potaay of eaiv totannae, that ovtotoadir pnrafla 
in pobee wotk, and stands oat agataat lbs oU oeodlh 
titnecM stnkngiy n Iba moima, willriitinid 


bone and auulm putting them into aaaet.bitofeabimt plgyet's pqhey in tafteetiW aaaagment dOn 
apeyehobgiealdHBgsinthealtilwieatthapdmHiHi tbe old ItauriMp bon melhod of 

to hu tmamxaiir rdationefaipe wUdi la foB of tha Tha rnlBo devefoptnant of the poHae am, ttpSn 

gnatempowbditiaalarthadavdopmantotpolieaavrtaa week u to bo «msbwttTa and to htfO tto piMtbiiMii, 
It u merely aaothnDbiattation of applying the aaMcitffla meal ba olem lha hnea of tiu emfanmfam ndhcdc 
w engliieenng metod^ apMti^ pa^miaetaad The de yt m t Ibrog* Itl rntfU tada 

fatoUitie ndgnatlM to wkntevm maytaJSr’'"" ***** 

The antbnr antidpatae poatiUe vilie^t of Ua sag- iwaiMiao l» tho eagnmai^lWak am ba kgoufflad 
gnttone that they omiook flu n aeiOTt y fag dinBi^ only tfcmu^oornwgaHy aWnUkmi nopdhiiSiSfo 
with erlinlade M orbaiaale and manttoudiic lav and auM aMd ba tka am «m lid fkl|M oTttd 

otdn by vlgorBOT pohee aetian It is ao pett ef Ml eM» t l n W OT tl rt , B » Bndl 
aoggeatioa that law la for i m t ba whaad. d aanH- and abrnmUoti 
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It4i bMiB opm flriiM teodMoa and th* waKtn 
of thoM fMto dwold bo drWn homo 

to lb* adMotool Md Noiaattvo doportiiMntt uul hi 
too mtb otbw eoaditfaii* 

Tbo poIlM doparttoont of a |i«at dtgr toonU bo toe 
nopa ooBtor of too olty o tooeenmont eopoble of oot- 
bK idto ^ikat a oitoatom denoads viforoai 
UoatiBtot, otooog to protest the oafety of toe publu 
offdBol Aaicdar and the onnily inftinned on eonditioiu 
irUeb Biaaiiiaetiirs erfane and onminab m order that 
tbeao eooditwao may be remedied where remediee are 
pOHtblei octoOMTC imtord of defenare oouraceoui in- 
etead of fatoUstW oiiaalied for aohierement Instead of 
figr mete OKlOrtvnlsm, mOitant but not military exeept 
m toe tattoo of obedtenee to noeeooory mleo ond reopon 
nve to dioelphne free to deal honeotly wiUi eonditmoe 
in too bidU of tooae owiditlono instead of in the bgfat of 
otatntoowBtten by dead hands eo<opeiatinit intatUcMitly 
wito ehantMS eocreetions, health hoipitaU and edn 
eatfcmtl dvartBUDta 

To farinc toeoe thincs about the poheo problem must 
be biobesi up into its proper funotional divwona Ciuno 
iriwB perpelratsd by profeealonal onminali mnst bo 
dealt with differently from ennw oommitted by those 
wfaootimy temporenlytromthepatoiofieatitude Thrro 
sbonld be otsaaued a national mmoe for the deteqtion 
of onminale and crime ptevanUan alone the Iinee of 


eunilat semoe now enficed upon fonrtalhng and de- 
tootuf eounterfaten The voiee of the poiiee depart¬ 
ment mult be heerd in the nourte when pumibinent le 
meted out to onmineli not becaoie it la the poiiee de¬ 
partment but beoanse it it informed and expert on 
queotioiia of penology 

Above everythinc elm book of poboe work tom 
must bo developed a eiuenti&o apint too true • nainoer- 
ing ipmt m plaoe of ounning and oudgoU llion must 
bo oubftituted a policy baaed upon a knowledtti of 
needa etandarda at lerviae fianble of attainment and 
organisatMn divteos to aioomplmh them methode of 
adminutration and the plant to faeilitate their ai lom 
pliihment and the xeniui to eapilalixe tlie initiative 
and individuality of every man on the f mi 
mat vetioK 

(lament J DnenoU Bureau of Munieipal ResLaroh 
New York city m a written diMuwion mid that the 
eauie fur poboe im ffloienry in New York ean be found 
in the foot that in Id yean the department baa had ten 
pihoe oonumaaionon Not one thtao doubUd the 
effleieney of the engineeruig methoda and not one did 
not fully realise before he reined or waa foraed to retire 
from the deportment that the pohee problem was auoh 
that only ooreful patient appluation of atientiflo me- 
thola would lolve it All of them would aay to thi 
angineen gnthared hero that all the methods kn >wii 11 


aoienee would be of Uttle value while toe ooutroi of the 
department waa In the hands of the political powers of a 
onmmumty The Panama Canal one of tbo supremo 
engmoering feats was made possible only beoause tho 
engiDoer m charge remained on the job king enough to 
work out the engineenng problem But even Mr Ooelh 
ala vrould not have mastered the police problem (ff New 
York bv the application of tlie engmeenng method 
if he had lieen subjected to the onndibona under which 
all tho admimstrative heads have bad to work No 
matter how dotermined a poiiee oommisaioner may be 
to keep his department five from polittcs it wiU be sub 
jeoted to a pobtiad influenoe so long os hi hmiMlf is 
aubjoet to arbitrerv removal and the mey >r f a i ity is 
held responsible for a polioe department 
In sammaruing he urgi d as thi tint atop toward in 
ereasmg the etBnnnoy of the poboe the adoption of 
statutes providuig for a more pennanent tenure of olBen 
tor the a^inistraUve head second the complete separsr 
Uon of the polun department from the mayors nflici 
ptooing the full responsibility for the administration and 
eonduot with the pohee eonunisaoner or odnunistiative 
head regardless of his title third the appknation of the 
ooginMnng method and fourth toe complete abohtion 
of thi system now m vogue thrnugliout the country of 
adopting poh iii uf law cnfoniment which will result 
in tbo I uforeement uf the statiiU s as wntu n 


Thunder* 

Theories, and Experiments Conducted in an Endeavor to Solve the Problem 

By Dr Wilhelm Schmidt 


ArtiMm to explam thunder and lightrung have here¬ 
tofore leiterally been baaed upon a study of electric^ 
sparin m the laboratory Although much valuable in 
formation has hem obtained in this manner wo should 
be eautious about assuming that the results deduced 
from sueh expenmenta apply to too gigantie opcrattoiis 
of nature as it is easy to overiook factors that oeour in 
one ease and not m tho other For example the dis 
chargee oomuniig m these laboratory oxpenmenU are 
generally osaiUatory nod it has eommniily been assumed 
that the some was true of hghtmng dischargee How 
ovw Dr B WalUr of Hamburg vnVh the aid his 
rotating oMnera has obtained conviiumg pruef that 
lightning is te**"ly luudireethinal A liitotning flash 
begins with a prohminary branohing spark that pene- 
tiatM onhr a short dntanee along the ultimate path of 
the dunhHge tots is fcdlowed otter a briet mterval (of 
toe order of 1/100 eeoond) by a eomewhat longer dis 
ohatge etc until finally a path Is built up for a complete 

diiehaige whioh again is intermittent m ihaiaeter 
An even more striking proof of the diffeniue 1 m tween 
laboratory expenmenU and actual li^tmng is scon in 
toe fiMt that the questum of proteoting baddings from 
h ghtiring itdl lemsins unsettled opinions difleniig both 
as to the poMibility and method of imuruig prolerUon 
In a Uke manner the eonoeption of thunder as merely 

a r^ireduotiim on a large scale of too oraokhiig or detona 

turn of the sparhs used in toe laboratory needs to im 
BOidfarmed by a study of toe natural phenomenon more 
especsally as very few attonpU In this dirention have 
hitherto been made In this study we may lake as 
point of dqiartaie two important fotU vu tho brwf 
duration cl the phenomenon and toe great aooumulatlon 
of energy in a small spaee that it involves 
On ooeount of the latter there is a strong repulsion 
of ■WcKUri eir^iartialM of like sign and thorfore a 
siiriAi^ InonoM ol prewure u the path of the spark 

H MaehsudE Hosohek have found a ireesure of more 

thMM go atBogpheres In toe oaM of a spark 3 milhnw teri 
kmg, this was In part the result of the vaporlia- 

tkm ol autmal In the deetrodes A wave aet up by 
tUs inoNMc in pnasute spreads out in all dnvotiona 
TUi k Aofi an oedmkry soundewavs as the fluetoationa 
of priignia ue not maO In eompoiuon wito toe normal 
prmwn, bnt a KHidled‘‘«ploikm wave •wheels 

ohesrvnd m oertm* and violent eheinleal reaotions 

fttehaiqilodonwavefcwhkhwepwoeiveesa rwort 

tptwd 'ntOk a vdMsty that may be mudi greater ^ 
titol vt ordnigy loimd^vw, bnt •» tranrfonned into 

toe M took intauity npUk diinlniihee, owing 

eoeoribw to Twdna, to toe alterations them airf 

kflMf WaA of asauMkiT waTCS ItoMilinenk at 
” nto ••■tollaeasi’' and ntertaenee methods u 



cumstsiu.es that we hear an aotual report winch is 
the distinguishing mark of an explosion wavi Direi t 
invflstigati ins uf thunder an therefore nenniary 
For this purpose wi have used two forms ot apparatus 
one for the snaljrsis of regular sound wavi s and the 
other for that of the longer pnssun waves The former 
a modification of Marbe s apparatus' roeonls the atmos 
pluno impulses In the form ot flue tuations In the deposit 
of soot from a flame upon atapidly moving strip of paper 
Ihe latter registers tho displaoements of an oxtremily 
light disk whioh hangs beforo an onflie opening into a 
box enclosing a large volame ot air these movements am 
mokmfled by a suitable mn hamsm and the apparatus is 
provided with a tmuMicele Both instruments mere 
kept ready for use so that registration oonid hegm as 
soon as a thunderstorm occumd 
The records from these devlms showed that regular 
trains of waves of uniform length prootKally never 
on urrnd and heneo that toe thunder had no iropir 
U ne but was merely a noise and tho records als i 
showed that it was quite sumlar in ohaiaeter to the 
rattling of vnndow panes The iirogulanly of the wavoe 
was greatest during toe heavieet part of the thuador — 
1 e at the monu nt of tho elap —while toward the end 
of toe toondor in many eases a oertam degm of re- 
gulonty was noted A statisUesl analysis of tho fro- 
quenc v with which wavec ot vinous lengths ooourred 
showed a pn pundenuioe of those lasting l/ffl lenond or 
more and again of those lasting between 1/120 and 1/76 
second (i i vibrations at simh length that if they had 
cMourred in uniform tiams they would havi produm d the 
tone F| or lower or agam tones betwein D and A ) 
Shorter vravos most oommon in mnsio were mnoh rarer 
The records of the second piece of apparatus showed 
that tho greater number of toe longi r waves are In fset 
so long that they are impeneptibh to tho ear Their 
duration was mainly between 1/10 and l/I senond in 
one ease the duration was 0 M second 
The flgeluations u atnsiensity ocoamng m oonneotioa 
with these waves were far greater than tooae ocoumng 
in ordinary round waves or in the more rapid audible 
waves pertaining to thunder (Vibratloiii at the rate 
of 20 to the senond may be sssumed as the lower lumt 
of audibility) Although toe Ughtnlng waa never near 
at hand—the mterval between the flash and the begmning 
of toundsr bemg moetly about 6 noonds—the noorde 
shewed pterours flootuatioiia amountnig u a rule to 
more than (LOl miUimetro Heaee the greater part of 
the total enesgy of thoadar is represented by these kmg 
inaudible wavee wfaito must he regarded as the earenUal 
part of toe p h eno m e n on and thus strange as the etote- 
ment may eouad, vra may aay that one really hears only 
toe maUeet port of a el^ of thunder Most of the 
p h e n o men o n eitoer eeeapee our leiisee altogetoro or is 
pereeptltde only tormi^ the vibratwii of objeets around 
us the lattoag of vrladow-panes etc la toe immadiatB 
vicinity of the elsetneal duebaige thaw p r es n e fluetoa- 
tloBs are evidently, extremely vhdent, and a gnat part 
of the purely meehanleal injurke wiou^t hy Uitotning 
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Tho number of these inoknt wavi a is howcvir never 
large In mist oases they occur in irrigular sents of 
three or four m various parts of tho thunder In the 
heavieet thunderclaps pcrceptibk w sue b to our scnmia 
where the wavi s have genraally traveled onlv a she rt 
distance and reach us but httic modified there is usually 
but one violent wave vir at the vtrv hcginmnf, Here 
we have lumphla agreement with ahat hsM Immih said 
above about exphislon waves and from this fa< t we may 
draw certain conclusions 

Wo are to ton nve of a shock wavi (Mom irll ) as 
traveling in all directioni from the path of clccineal dis 
ohargs The prolongabon ot tho phenomenon depends 
m the first mstanoo upon the fact alreadj mentioned 
that the discharge is frequently intermittent and may 
then fore set up soveisd imbal waves but more especially 
upon the o oumnoe ot shorter audible waves whi h 
separata from the initial waves giadualh incresnng the 
magnitude and duration cf the dwtnrhuui at the ix 
pento of Its intensity The duration is further pro 
longed by rrfleotion—not so mui h from clouds and sheita 
of faUing rain as from the mterfaees between atmospheno 
strata of different tc oiporatuivs—and tspooioUy by toe 
action of tho wind The original sharp report is trails 
formed mto a roll or is sometimes dividod into two 
or more claps Irregular short waves whioh give the 
rattling noise iff nearby thunder are gradually lost in 
tbo more regular waves so that in dwtont thunder the 
sound may assume a more nr loss definite pitch 

Whothi r the em rgy of the eleetiv ol dis horge alone 
II sufll lent to produce these phenomena is a questum 
that can he answered without difflcultv The cnirgt 
of thunder as shown hy the analyns of our records 
amounted in a maximum com to 22(100 kilugtammeUrs 
and WM then fore very gnat compared with that of 
ordinary sounds In this easo the thunder lasted 13 
seconds and it would roqutro more than 2UOOOUOOO 
bugiers blowing for the same length of time to produce 
an equivalent amount of energy Nevertheless this 
amount is insignifloant eompaied with that of a flash of 
lightning for which we may assume and not in extreme 
eaesa something like lO" kilogrammetetB In fait 
only a small part of the energy of ligfatmng is transformed 
into pretsuro-waves and sound most of it assumes oilier 
forms suoh as those of heat and light 

We have still to oonsider Ihe question of the rolling 
of thunder as related to the length of the lightning path 
In oonneetion with the eommon idea that toe round 
reoebee too observer (list from the nearest part of toe 
path and lost from the most distant part and that tl e 
duratioa of the tbander depends upon the resulting m 
terval ot tune the following foots should he borne in 
mind Assuming os a first approxunatum too com 
of a unifonn impulro ahmg a path free from sharp angles 
ws shall have cmly a su^ wave apreading m all duet 
twos and the observer will pexamva only a ugie bntf 
sound whose tans of ooeurrenos will depend npon his 
distanoe from the nearest part ot the U ghtmiigw path 
This foDowa dirrotly fhim the Huygheruan theory of 
wave-motion Moreover beads m the lightning path 
will aesount only for a limited number of ekpe and 
not for toe ‘*roU» of tonnikr. 





SaENTinCAliEnCAN 



SALE OF BACK. NUMBERS OF THE 

Scientific American Supplement 

TO BE DISCONTINUED 

Of Importance to Ltbrartans 


The ScenohL American Supplement is s 
ui> que per od cal 

EstabI khed n 1876 to descr be the exhibitf 
of the Ph ladelph a Internat nal Expos t on t 
pr ved s successful that the publ shers dec d 
ed to Lont ue t oi broader I ncs 

Whenever a Tyndall a Huxley a Helm 
holti a Pasteur a I eb g a Cro kes or any 
other pr ce f science rose t the learned 
soaet es of Furope and ai nounced some new 
epoch making discoveiy of h s his own words 
appeared i the Scentdic Amercan Supple 
ne r I he technical papers read hy engineers 
I efore soc et es i America—papers to recon 
d te and t I ng for more popular per od cals 
— ha e been gven a place in the Scetuiic 
Amer can S pplement Americans who could 
1 ot read fore gn languages found n the pages 
of the Scent lie American Supplement the 
utterances of great Furopean physictsta and 
chem its tra slated into English 


So in the couiae of time the Sctemfic 
American Supplement hat become a kind of 
encyclopedia of sctennfic mformaiion It fig 
uret over and over agam m the footnoMt to 
monographs and scientific treatises K has 
played Its part m research ol all kuiA 
At remarkable at the publicatioii jtaelf la the 
method by which it Ittt been made arwhif 
to the geoenl pidifie tmT muntar 
the SdentUc Americu Supplamakrt 
from 1876 to 1918 Is ka^ In print 
What to mote the nvmbeto of 1876 are 
eoU for 18 oenti Joat aa If thtr warn 
pobltohod tot^ And^despmthehct 
thet puhbthen of nswtpepmt and penodiGrii 
often charge several handed per cent mors 
for back numbers than for new ooea 
The ScMn&fic American Bupptoatfiit wtS 
conooue to ^ua the papers of greoi riatohn 
and engmeeis aa a hu m the pan Bpt iW 
policy of roprintlat bade anrnbm vflt 
be dtocon dan tot 


For a few weeka only we dnU be able to 
furnish aU the aagto munbart of the S a aet ific 
Amenota Supptoment or bowid eelmMa 

Thtoaim mwia inetorto aMdtofttttoa 
bcoiSt of Utearita te wUclk o o tepi l te 
aeta of dkt a#tadte AnMriteB topio* 
aant an not co l)» fowiil tti lor 
riwu p httmoafad te adtateto^ltef b 
igMi|M iiMd Iat mb MMttlADikllA if 

iMDOt Q| IM VIM WWWM POM* 

W« wdteanwip. M ol tefi- 

pMMpc CJMiMiiL m hfiIm Mv Ai 

*dt%brUek rn tt ^wt or 


Order Bound Volumes of the Stmttfc jimmoats 
MUNN & GO^ Inc, PubUshets : i ; : e 30 
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SaENTinCAllEWW 


Modern Ideas on the End of Ihe 







New Contributions to Cosmology Obtained irom the Deveklinieil^ 

Bv (lustav Jaumum. Troieaaor of l%yau!8 at the Technical £Mi^ It BruiW 


We aru tuUlly Un rni t t tlif> tKKluulng of the world pUMta do not doKllba ctrletljr «Ui|itli*l tnUMtsOM. not Et^iport M “***"' dMllM W 

iniiliiK Uh IiihI oi tuiy tli byiwllimN of LatiUra and Tbe form aud Um poalttoD of flMM trajectorlaa dianaa nattlr kH iMtwqtanw Mtkd tl dMMII# ndHMllI 
Rant that rlu i Ihi i U i rni-mled from tira ran and conatantiy alttough wia extiama alowacaa. TM liar atiUUIw ddMatfM fittai ttdfc 
w<n I iMi IT I > nil 1 lUil jii of It enjoyed wide cred of Newton affotda aa axplaaatioa at tha grtatar put moan, whtea aadgmai da 
mil A iidli), t ihU tbfory unr earth waa ooce of tb«ae dlTarfantaa, U tha raUprdoal attractloBa cd tta '— *V- f irmt MT 

In a etaU jf h)< wIuk liquid Judidug by the Inereaee planrta are taheo intp aeo al dmtto a Takii« tiau dut> hiy, mm girled Md dUI^ Hgca ddp||||ia3£M^K 
III timiMiatun In ibi d(a>p etrnU It la eorerad at tho atluoa lato ontiaMafattOh. tt to poatohto at pcHUt to ttaii t apwp il dg d Ig |j|i| wgtttifc |d ItapAIHM 
inmnt ilnu ly ilie a lldldisl iruat relaUvily very thin lalenlata te within a tm naeada tha poalltow of th« etWt o( lAManil fMatMta, 99 ^ 

I whi b wi 111! sm h a I laaepHuu boa rendered aan the moon and the lUaneta a httadrtd ymkca la aih rotatloa< pttafalim d| adoodito ptfT 
llaualbli a lill f In tin. deluge and In the Idea of laiice Bat to ditemlM at a dtotauea of toflltoaa cd aaaMdtgr la ^ 

a itnal day of Jwlgmint when the world will be de- yeara the end of the Neartootan world mwrmgtN m a th i the Ifew grgT ita tlcg dpatgadd, ^Blm lito 

iiurad by flamia mattoal dUkultin maat be overcdinai Inddad, it to a to aiMagt to amtoaMto «d^ laito WlNto 

Goolt«y Indeed ncorda borrlblo catMtrophM the matUr eanoamlag tha probton et the atabUty of tha tncUU^ at Dto o«^ af t0m iMdpilId IdtrlMw 
higheat moontalnH Hire funned by a alngle abort earth planatary ayetem and of cahmiatiiig wbathar tha dto> by » awototo evaty wpoi'f Tanigtlldf 
(uake of tnmeuduuH Vloleuee tbe retmlt of npheavaU turUag Inflaenoea weak bttt t no w aa t whhdi toa aanto UwMildap(<toffirT(M»dtdltoldfatotdi#MW 
if granltb magma Hy inoimoua votcanic emptloiM ploneta exerctoe ntwn each other wUl nearly oeohttoaei, and ghhMl MdHatlaa df httoettsto gl 
I raiUt blucka Htn larrhil tbunaanda of kilotaeteri each othM In time or will end by entailing the deattw- to net te bo uptohiid aktoh hi thd gdklldkto gHIk 
In partlinlar tbe whole of Aula enffeied the Invaalou tlon of the planatary ayeten MoBerotthaiaa.* lttoMetk(toDto*d4BtM>|l|iW 

of the Indton Oteau which woa predpitatad on the Eminent acbolan have alwaya taaod ttamaeiTU wlto imbU and toolatid and 4|M H fdtolHjpa 

continent with Inttnoelvablc vlotonce anOdant to eury readvlng thii tondiaMBt^ Ptohlem rdatlva to tha toto «f gtafUaltaB nliUaa io|r tta aMgaUktoto^fW 
the rhlnoeerua and tbe muuunutb which am conaldered atabUlty of tbe world Implaee and tagraniB ahewad, ttoni cf Iga atan with a apdWgMl aggljaitoltotMb aMjto 
ludlau anlmato aa fu aa the fraaeu flelda of BIberia by meaiia of an approximate eatonlatteii that the pbum- aatoto|ag that tbp ee«ta attgt k ahMh|Mr4«gM ad 
OuTlet Bfflnned not only that tbe world would be de- tary ayrtem of Newton appeared to to atabto. fetoewi Mettott. Shto htitoa^ hqwavni . to tor iNto HtoC 4to- 


each geologic formation conatltutlng t 


rreaUnu entirely aeparate In origin Aorardlng 


but thet It demoneirated that by fnrttor redalng the ealeolatlen 
e oatadyame later epuito eonld to aorveyed In whkh gnatrr nod 
I burial plan greater fluctaattooB In the fonn of the plnnatory orMta 


> tbla hypettoala the termination of each geolaglc Ing tbe calculation fa 


« pteoeoL finally Pidnrara proved that by carry 


icaeto Utoto ana eim e H i to toad tto 
> avtA tha ktoaOaat antob w9mr 
tonal Htoelneto toai told tot tofahto 
to attoz coraM at a ^lend nft Mto 


larked by a (omplete ending itf t 


cloned In wblto tto idniMtg would H 


world and Ibe opening of each anccvedlng period by progreadvr oiheaUad aeenlu dtotartoMoa and tton to not inihcitont, hgt I 


at untorntot naNhatohli 

athllttSBw^NM? 


a apodal creaUve a t giving birth to a new fauna mure anme of them would fkU Into tto em^ and othert loia htotad at hi Xiphto act ttain tto tton to npttolg Jdd 
perfect but equally Incapable of evolution By the aide tbeamclirea fai the cold comnie ipaen llini tto plato- tend to oCtott tto asteto doe to totolM|l tfto hnimte 
of tto brUltout tuvkr Uved obanue and nnknown the tery ayatem of Newton haa no ctabtUty no totaHMl ettor It la a toct ttai DO traoB, htontot OBgld at> 
mmh greater Inmarck. It to he who rerognlaed tbe eonatawy Rut the fotegDlng calctoatlcna wan uato bagtonlag of tto toOhn eC (to plontoa toi*hlA<tto aga, 
•■outinaoiui evolutloii of the faunae ht atcordance with m much too fOvoraUe a toabi Odenln qmea can net aa Um lav of Knrtoto fMtoita kto faf hgtot JitoVn- 
an immanent law or at leant In loneeqneiiee of tbe he empty aa Newton held Blnce It nn tranamlt light Tto tone may to nld of tto -leHf at to* IhliKvtoM 
laiBilty which inoiuliune poMMee of pertecttiig tbrm It mnet to flUed with a medinm extnmaiy tenaona and etonU toOnw la aneordaiiaa wttk tto laV at toMtif to 
aclvoa by aaddunui ixenlae aud by communltnUng In ooU called ooamk ether Tto extreme vaemnn obtained waa anpponad (or a long tto* to to nttafWm ftot 
part to their denceiKlanhi tbe Improvemente tbun oc- In tbe taborator} coded to — ITO deg Dent pmente ilie cHmato qt tto earth had tnvh eonatoaUf nadtot, 

inlrcd It In tfale nay of thinklug whkh after a torn a oowridFraMe vloraelty whidt le only tan ttama in but thte idea toe bemi wt>Nto abandoned. ftatototoM 

t Hard liarwlnlmn hae dually ertabllabed lUelf Now fMlor to that of the oornal air* OoaeaipieDny (be ton than 10 dag fifit, an indh aHat at Mto jgph 
to lannlt awb on eiolatlua < t the urganh world from coemk ether moot oHwee to tto mowneot of tto tnapaintua ham oltoi eeenRad, gernW Ctoaa to >*• 
the bvdoningH ti ita aituai iwrfMtlon requlmi a um plaiicte a very appreoUhle Mettimal reriatanoa. Ttoy ngm tbna piadiig ttoto nghm now nndar tNpleal 
Hidonblc duraUoii of iiwnli quirt Oeidoglc lovmtl rauat contbinaUy ham energy of motton In adeUttow emaMnoa, and nnv waka tto ptotottom at to* 4»ra <f 
getluM aince I yi II hare Imlecd demonvtratad that tto to whkh tto attraetlve aetlon of tto aan becoaliia Sen* Bat toto llihi point of Vlav tto nanto 

imMge from cai h geolaglc fonnaUim to that auooeed more end more couaUefeUe tto plaiieto ihonld deeerlto ngn of tha h toery U tto aOith dttn mat «t 

lug It la made gradually and without Interiupth n The orblla more end more narrow and Bhenld and to aoim tU from oa pnaant HMNh. Oiaatol firraiatliww. axtto. 
Iiiuiktatliuii and volcanic cateatruphra whhh are pro nllllmni of yean by predpttattog ttoneelvea Into It etva bat not toito, haya toon toud to e*i|^ Ttiyriaa 
lucnl at ell timea tor fruu deetroylng wuilda have Thm again we have the Igneona death of Un earth atnta.' At that (torn tto tannaMtoto va» heihlgtof 
I eu r liein mi n than punly local Voliank cruptlana Hut that end would to preceded by tto dertmetko Of but Inwar Ow to odt epoto, and net* tof- a hfg^dnd 


I Indiv of e fluid ami Inmndeacciit 


wieun the terreKtrlal OTganlami all being n 


1 by dentil mlDlon yean hava p 


fi r ihc acvumnlatloiw of lliuld lava bare lltUe exten from the cold which would act to much enrilnr One can vitt n ito ttMnaa hfl tt* 

eloo lo timt oviii nolghborlng votcancee aoeb oa Vul The energy thrown out with tto eoaUght In nnvonl ann of a topply of etorgy tllto to anlliin vfttoK nk 
caiio and Htromboll tore no relation to each other billion time* greater than tto total totectoange of enatiy preelahto dfme fWt gqr an long a dna th* MflPWa 
One can lieu affirm that the fluid tneandeareiit nuclraa which takai placo on tto earth Tto eun gtvea off oen inpiindll.ii'i flprtm' te*k**^ Tlmatohllltin(ttppk*to> 
of tto earth doea not exlat Baceat pbyabai obaervu tlnually wormona qnaatltln of It and tta eupply, of tori lynton and tto toaitowttH* pegm pC 

tloDB eapedolly thoee reUtlve (o tbe tianamtodoa of whatever unknown kind It mny ba mnet flonlly be *x the ana ac% tattkaemaak to a ontflla Mtaat nftdfli 

tto ttanevem eelmnkel wavee through the toterloc touetod It wotOd cod down mom and uMte and on by dtreet gmdeg te ehaiCValltoL 

of the eakh end to tto period of migration of the terrea civlHaatloB after torrlhla etnggleB vooM meet with IliiTr It It tliat tto leit nf iratliartiai itof tlie irT*1|t 
trial axle admit of tto aendueloa that tto earth In Ita dtomter more and more a nl dat tto eT w pieeent lea pin of thd nitoHlMliffi at Btofti fttU an tofinilr to 
entire mon b aa elaaUc aa a itmd of good quoUty Thoa tto two fundABental pbyeioal toVe lead, It b toetr peepbdti iHto tod ef Cbi 1^cMi Wtol 

Rut now wo moat oboem tto very dbiuleting pre aeed to aee entl e lly tfoeov oaongmneaa bU, wllk all to tto toddn tadmt at ttadb top* Wtob. aa tod todto 
vlahma of tto exalt odencea Ttone we muot notlca tto reapaet that b dan to ttolr anbUm* naalta and to *-**— rVf** ■*—I nurtltlWf tlfil'm 

parttcnlarly (Or pbyeka and eetronomy have exact ttolr pieabtoa, ttib oaly right to aak wbetotr they wBMg Mhodto wipto ; nag ^ m todyta toiltoto 
natai^ lewa and In thb way may to ptedlotod In all an really aV e t toh ed with enoh Idial ai ac to dn as to dutoli eetotod taflil ^ 

I mbohlllty tbe moat dtatant lonaequencM for tto lawe enable aneuto dnw co o dna lon a ippOnMe to egoeto Rngariliw ttop* tt^Qi fanddnaMOl CtoHtM tlllfli 

which are concerned here that of gravitation and that tminaiMely wtoe to and to mn p r too wl tto very piaa at nttiial PkRiito I tad m)atU a^k§ to 

of tho coDHervetlon of energy are among the enea moat craatloa. Betoi«.{|aeipttag Bme nentounneM It win to do tor dd ttoi tot 'wI|IM|' to* ktt ddtoi dfW attoApF 


b tor *• thtolito v^to* toto rntwau^ 


e reel tcblevt ment of Newton wae to show that 
law of graviutlon had a more exact apfrikatkm 
tbe lawa irf Kepbr a< cording to which tto planata 
) along their elllpUuil orblto.' In reoUty the 


wffil to eahnU ttoaa tnaxorahie Uvn to a mneh men I ibilbt Pdlgf iitfl, ndfdrrtfi tllM 
show that eearcUiw nrattoy That (he tow of grarttaUw wfll nffiMblto'""' 


elllpUuil orblto* In reaUty the bHia mew of tto eoa —heeamg of to fg In RtolntoJ^ 

• laneeml addram of tha muter of the ImpvU Ovewa -*?**? * _ "jL/* 

rmei-Jeifpb leohalml Blah aeboel *1 Bnaa drilvered on ^ 

Oetotet feui 1*1* rrteabtad fiom tbe Oocmim la tbe “? MWlf* toiffim 

amiulmp«(t*(ttetaitluOBbaIaitltatfaia,eMbkeabr tto ~ JSLrjSir !!? fVS 

tcrliBlrtl high (eheal RtoitoMi be weeM act tove Bitoed hUf hie ditom to toto toto 

‘In thb foa n ee t ba we dmlgaati jMi^Diiwl B lii ^enly that an|Mp*bd Itortn 1 eMdlaffine to IMMlMlb ' 


•T jfeglnyy • 


mattomaUeally by Wm wtoe* paydeal work wae otkvw 
nalmpoitut Newtoa ooly oooMImtad pnef of to oonettm 
kmbr erigUotad the (Bodimeatal tad •Mtobtotaaiy ■ 
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scxrniTKMffincAN simijsawifa wt 


Gardens of the Zoological Society of 

Its History, OrganizatK»i, and Its VahiaUe CoUectifAS 
By R W Shufeldt 


Ai » tho Me will ell tl m bievomonii at mui 
munuini fooloRinal nankni end aquMinnM heve eaeh 
end tU had their btsianuigt Soim of theM Utter have 
beeii of exinmily mudaet pretenelone while m the eaee 
of other* the lUrtJiic hM been upoo afar broadn baa* 
and the entaprlee Riven an initial impulM throoRfa the 
tnAuen e of powerful patronaRO and muniflonnt flnaneial 
ni) port which in an> partlrular umtanee bM at onee 
placed the Inititution in the fomne it rank with other* of 
lU elaai In the pnient irtiole it i* not my intentMn 
tl have anTthmg to my in reRard to any mtweum nr 
aquanum theae mihjcoti will I taken up Uter on but 
I k pn po*e to point out * imo of tin advanURM of a 


will noon ht diauvwed that the moat Tnlaatkle of theae allhww tlw InMr OMlia llWt Ih# ilk 
date from the tune of remoteetaatkiuitv fiueh tnaui dnrUR aMte«i|toa,11U»p>Q<UBai li | H ' p ^ 
qnleUycanMonamtotheiniiftrtumeeofthetahiikme and marrekme iw dM il wi 

aiea wbera taditoimal hiatory noon beenaiaa obeofe hMaty ef aiatmjn Aa W tta wr Wfint’HSf tiA 
and the thread of invMtigationM loti Inlbotaarhhaie ef ito iMv triih «mr,« U vwMp 

timeaeoUaetloM of UvURaedmaU warn known MiiMMt- th* SafMl UiNdMilon of llu (hluloaa ii^ 
enee and m tha nam they ooodetad of eeUeelionB of Iona. 

laiie mammala Cuid aometiniM biida) obtained by the Bal wq an not aon n ia niid tflMi ten endihnilw^ 
monetarqiialkr who for that purpoaa aeoompaaUd w with te nUaaedtaaijr Awn 4nhqr Ap ir 
tbeamieaofUvaaoalttthadayeoraiMiantONaoaand panUI, lalinhpl lonbtahtei^oCteiW^I^ 
Rome Theae nation* in many raapeota wtr* barbar* ranaet ta t^ dilifai of 

lau* in tboae day* and rnuut of n* know of tha brutal aad te fannatma of te ewana in mUf mm. fir 
andllandiihiiaeatowhMbthenoaptnaliouaDdbaan tnl^ ffteea aaatmn Ihmaftn ten fid aa WMpidu 



flmt elaM aooIoRioal Rurden and for thi* purpuM I have 
wleotcHl tho ZoohiRKml Uardin* of Icondon m my e* 
ample 

Let me aay at the ouUtart that theae Oardeni bekuiR 
to the AooloRiciat Soeioty of London an cwg mw ntl nn 
of world wide reputation whioh wm meorporated by 
Royal C barter m Uiir ago aa the year 1829 havnif for 
ita main objeot tha advanoemont of looloRwal eeienee— 
a muaian which It hM moat rffteientlv performed for a 
parlod extendinR over three quarter* of a oentuiy 
Peraonally I have alway* taken an aative mtereat m the 
welfare of thia SooMty and m 1 have been one of lU 
oorrmpoiidiiiR memben for nearly 20 yean I am more 
or Imi familiar with lUhiftary the hietewy of iu gardona 
and with the enonnoue influenoe the two oomblned haye 
had m prumotuig the beat Intereate of tha eeMttoa of 
loology thionghout the mvihaed world While it did 
not leeaWe ita oherter until 1829 theae gardm were 
lint opened to the poblia a year before that time or on 
the 27th of April 1828 This itaUment however will 
by no neani enlighten the reader upon the highly in 
taratting queatlon of the origin of theae gardene—a point 
I dean to refer to before paoniig to mattan of a more 
raoant nature 

In order to duo ivcr how eoologloal gaidoae flnt came 
into being—if one be lo fortunate m to ultimately ob¬ 
tain Mieh rafonnation—It behooves (ha aearohar to eean 
the hntorieal reeoida having lefennee to them and It 


tigeia Mid laoparde were put in tho pubOa arataa and m 
the dungacue of te eltiea of te eonqurac* 

Still aa te yean paand by thaaa vny early nattons 
with all tiietr emalty and bartianem m tea pnaentsd 
tha evidenoat of te dawn of thoqrfit and obtwvntaMn 
Indlvkhiale appaarsd from time to time who in aa am 
nf uinmeimg lilmn daroled temaebai to phfloaofihM 
studies of tevennroiimeDt and In (tua wis Ineliidsd te 
wild and eaptond wnh"»i* which eana within their kea 
BentunentalMthia movement was at tn( It apaadily ho- 
eamstha fbondatlon for man acaot looiogieal re aaareh 
and te dawn of ateitifte invaatigabim set m 
Thtia it stood m Utar Qreeea whan te Maeedwiian 
eonqueror Akaander lad hia vietorloiit Banea eastward 
even to tha vary hanks of tha Indus Never did ha 
allow an opportumty to pan throng whuh ha might 
further te abns of sneaoe e* add new anmaU to te 
marvakmi meaageria ha bad alnady fonnad at hla 
nativa o^dtol Ailstotls his old faiend and totar 
took up te eerlooe study of teae t t aa au re a and nvalsd 
in te eortansivaiMiaa of te nndsmibed amtannl at Ua 
KmuI la due eouree It bore ito fruit and the world waa 
ghnen one of te moat ongual and gnatmt loalagiaol 
works of te period AilstotU s flitey a/AnMmit 
A aomewhat ahniUr growth of natnial aeUlwa took 
plam la Rome duzing te earns pmiod but along ddhnat 
Unas here te pubBe managten were taiilaatd hy tha 
pclvaU iimna Mq^ortad by infivldnals of Maura and 


up aaywhen In Kurnpa of a menajene SRcn at flVi gl m l 
■arden white te antfao eetanea of aaUul Vimf tea 

atewped to hhte and teooded to te tektat aiteMw* 

of ignoranoe 

It waa not until Loo* the Itertomlh foanfad Mtd 
anatatoad a monagirle at VamdlH that the totviat to 
nah tortj t n t tona waa again rar l vad on te Coattoant, 
and wiitan ones nuta appaarsd to Wn advanlagt of 
what WM at hand te tem-te» is, a large and tedad 
aolhetMn of oaptave antoiala, and Huh oter Mt a ri nl 
as te early nnaeiiiBa tem nupllsd. TW Ifteral 
jfutery of te hl^ fnagmalfTa BMte Mtond. aa 
did, about te mm tteo, te te anea aanal wnrii of 
Danbenton-HMpertiraly tha Utar and Aiistolto of 
teas tote tfaua 

In LobAb—< nry amiy Loadmi—waa te Tuwur 
MtegBto uUehtoayWiiidtohavabsmthaaBeaitaR 
of te pmeeat Booieglaal Gardena at te Sooleglaal Bo- 
etotyofLoadeaatBvte'aFiA TUaTtetoMaBsp- 
aria pm eniea n w n t iduf a ll y totete tog hhtory. and m 
I may my, te too Btaptea to ho tonahsd uMB to thto 
artUs lalttBtemtenaBadmteMaaoBateeBonpnb- 
be bAOMm tees tnnteltog «f A iBte naailtelif wy 
valnahto ateiato, aoma of wUato toteOB. (outl 
way into te pra n it "Ico** thm wen nhqnt anly 
ddtete teal. mamtnnto. Bhile ten >t» te 
maiuadwltttemAttedtenfhlteiaadnpli te qte dg 
te temar a gnai hamad owl and asaang te toter a 
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iMliMditi, tlM* In of tt» Ibrt thrt area •* 

Art rtrij dijt npmvdt of • «antni 7 ■«> wOd bnu 
wmbdrtTokMMd fiiAwriMtar flddfaMonia Lon- 
don. 

Tht loobfM SmMj M wrt OTBulart mrtM 
Mtllr 4^ NIm Hiid, takn toRatlMr of mu 800 
Fwi^t Hoaottiy ud Oanupondfaif Bwnbm Tbm 
terftrtrtuDMnaynaMMnrtdBhtouniit aiidKfaic 
(h«u -whft hu bMn • raUow Aim U04, li lu pktMn 
Tht Duka af Bedford u Hi pcwent praidMt ud Ha 
MMrtKyliDr P ChabimMitahaB FRB Atatatod 
Intanrala rt famaa ftreeai dfaf i and T m urnttu t M Aa 
latter babe • a m nyrto— ynbbeatton in whHh haa 

la Aa AaidUi taninCB BajNrta mmn Aa animah of 
At ‘Ew" aypaar aa » nda in Aa Ptaotediaff 

Amanr oAar Iwdldfartt Am H a flu hbrary and 
oflaaa rt Bafanfa PaA, irUah ia loealad rt No M 
u dtovn on Aa aaaanpHqrirt plan I atagr aajr te 
paaAw Art an Aa vieart Am ft Aa pwk and ita 
bmldiiifa in Ab artMa vara Uadijraada (or me by 
Mr r W Bond PEB Aa vOdal photoiraiibar to 
Aa Boaltty, vbo bu a vondatfal ooUaatmi of pboto- 
papha of airimah wUah bare bean hapt at tba Zoo, 
AaaawadbyUmatlf 

Tbeaa London faidtu ooaopy b«( a maD utent at 
■nmndAAoTmybaartofAoelty Tbare ore not over 
84aanauaB,AoaghAaTievavoaMlBadoutoaap- 
pow Art AaplauvMoanaideraUy laiaar AaviOba 
aaanby Aa aeeonpanytiiB plan Aa giwiikda bava bean 
odmlnMy laid ont. and Art vlA At view of mabuii 
Aa aaoiqr buaatH u aonfactaUa and watentod M poa- 
tAla, eompahWa wiA Aa a iwiwmhi al apparAwmant of 
rtOM Aa a propatty. Am fHdana m bald (roai Aa 
Cbm, Aroutfi At QAu of Wooda and OoBUiattour 
of iTackt, rt a flnad anaul Artapi 

It la aaawaly neeamacy to aay Art Am ta a dla> 
ti^Anil alaft of utualWa aonBaatod wlA Am 
■ardirtb rtd a vary hma body of v^Bun anwloyad 
to paiAm Aa many datfta moalatad VIA aaA an aa> 
lanBva tnatUntton flomaaflbitfand'agnotoaltalta. 
Art hava. In Aa yam ipna »y. bean aonpaotod in ou 
aapoAto ar nnoArt vlA Aa “Ert,** rtd Aa attani of 
Aa l A IMi a d r a m rAia aaadf by Am fa ou of Aa 
■fttorti* rtiprtaa)rt Art h« rm <«*■ ■<rted to 

Anwrt flit Amo, H AaUM a( Aaaa^f^va baw 


dla in Aa oeUaatloD u wd> u laaaanhM upon Aelr 
autamyt bOA unul and paAohmeal Mr P B 
Beddard.rBB faAepreaentproaeetar andMr H 0 
FUmmar. TRfl Ae aoefatya paAolocnt An enor 
mou tpunWgr of eBoelfant vodc hu bean dou here 
wbfah for yam put hu been pnbhihed in the aoeiety ■ 
f r aeaa df a>i 

Hm ad^ttoiiM to Am prdeu la quite qiaetol u a 
aharfa la made for admlonon of ou for adulta 

and a tupuea for ehildrtn On Mondayi howavar 
and m eartain advertiaed daya it (a tixpenee for ovary 
body and on Sondaya Ae gardau an oloaod amept to 
FaUowBaadtbeirfnondavhoiiaia admfaAm viA apacoal 
twkata 

Tha aaefaty pubUahee u offlinal Ruide-book wbKh U 
not oaly bawtifuUy lUuatratod with idetiirat of a Iuk 
numbar of Aa aalmala—half tomia frum photampha— 
but It prlnte a mat quudty ct information ab nit them 
uto Aalrbabitata hatnta in nature bnedlnx and much 
ofaabttedM Soma of Am aeeoonte an more axtenaiva 
thu ua flndi m vorka on utoral hiatory and eertainly 
nm traatworthy 

Under Aa firaffa-houM for tnatanM (No 62) we nad 
in AiagaUaAat Tha flrit llvini Rindta wbinh la kuwn 
to bava raaohed Bncland wu lent to bb Maioatv Klu 
OootielV m the year 1827 It lived two yean and two 
numtha In tha aununar of 1886 four Biraffea from 
Kordflfan teuhed Aa fardeu nfaly Tbm auoeeadMl 
in tba moat remarimUa manner and u Im than teven 
tom tndividuli wm bred m the Boousty iprdtni from 
Am Mimala or Amt deaaendanti In 1881 tho teat 
aarvhrar of Aia atook died bat Ae Boeiety wu Alo to 
puehm other uamptee and to exhibit them until Ae 
lut dwd m 1822 At that time ud for aoma yeaue 
aftarwardi Ae Soodu wu praoboally okiaod beoauae 



of Aa rfaa of Mabdimn and the next arrival wu aflne 
youai female impartod fnai Soutlruat Afnoa whloh 
howaver died In 1207 A pair of gbaffu from Ae 
Ryypttaa Sondu wu praunted to tba aoaiaty by Ool 
Mahon the fovamor of Kordofu In 1002 ud from 
Am wu bom in September 1007 a yonny fammle 
wUA baa bam a oeeaarf n lly reared Tha eolonnc irf 
ybaffu from diflarmt hMaUtm vanu v«y much and 
aamt aatandfate babava Art a nnmbar of meeiw ud 




peiiiapa two eenen ahould ha noomiaed All tha 
pnnoii ol mammala ul buda in thn yu do of over lUO 
payee reonve auoh at tiOM u the foreyoiiiy ao that tho 
I ody of mf Hmatiun thua (weaentod la A valuable ud 
inatr loUvi 

Aa r know fn in pore nal exponenco thn Soeiety la v« rv 
ylad to no ive at any bmi hviny animala for ita menat 
r e and ihiat an invariably fully urknowlmlyed m ite 
annual r port la tho year in which hmah >aa of An kind 
n to han I I uaually aend atioh uimale hy Mprm 
I pnptrlv natni ted ayea udlhati thua auiwoDdad 
I truaportuiy different epeoua of turlfaa homed 
Uuda an Anaou iqnirrel andaoon The Uat of aueh 
I nati lae during a year uaually number aeveral bundled 
fr m all nouteea OoaaamnaUy Am ate of unnanal 
extent and oorreapondlnyly valuable u for example 
when the Kiny laat year preaentod tho gankma wi A Ae 
Nepal ooUeobon conafatiiiy of 48 larye and rare mammala 
and 1 bitda while the Duke of Bedford and Ae yovem 
mont of I e (ederated Malay atotea preaentod dunny 
the aame /ear many ulmaJa uf Ae yreateat value 
The lutallatlou of tut h <oUeoti oa u tboao at tha 
yardena form oooaaiona lu whuh thi royal family not 
only taka part but ipeatly oxeito As mU ivat of Ae pubbe 
aftorwarda For matanoe m the eawi of ifan Kiny a 
Nepal donabon it la miortod that Tha eolbatlan on 
board tho BtHuh India Ctmipany a SB Afyhufaten 
n aobod the Royal Albert Do^ on May 20A and ar> 
nved at the yardena before 8PM Tho animala wm 
at oiwe uatelled u aU MTanyamenU had boon made for 
them and Aey were on view to vieiton on May Slat 
Ibo Kiny ud Quitn ul Inntaa Mary vuitod Ae 
yarduns on ths ufh m wii t Mav Hat to Inapm t the 
animala By tho Kiny a wiali tlu vbil wm atn tlv 
invah ud n> apuoial irojaratHina wiNmad 
Aa will bo aooD from Mr Bond a intareatiiiy photo* 
ympba aome of the viewa in the London yardena are wy 
attrai Uvo and alony the oanal and oiaawhen one eu 
hardly realiie that Ae plaoea ace in the very heart of 
Ae laxywt metropoba In Eun^ 

The entire maaayenient of Am yardena la earned 
out along atmtly ao l i m tiffo luua ud under a idu of 
manayansnt whkh appeala to uvone wh appramatoa 
extreme tidinm ayatem ud proper pnesntatiun of tha 
unnala he teaorta there to rtudy and auoh a one eomiot 
(aOtobeeoeouiayedby theknowledyethal hoUnditaD 
aoMiioe fa eonatutly utihuny the material thnmyli 
puUiahad papera ud nporta to the advaneemant of 
oiviUaatiaQ and to Ae natioiial oredit of tha eoontry 
anitafauiiy Ae inatitution 

SadMcy of CiNtI nd Bectrie Herten 
CoRCXMiRO the Importanoa of efllolaiicy of electric aiid 
Ore mdtolota but little yenetal Infoimatlan bu bam 
ylven oat In aome reemt axperlmanta U fa atntrt Aat 
an elaetile laim radtetar yava ont 548 watte, stsa»-t 
1060 pot In, or u aOcteMy of B par oant On tha 
oAer hand a Ilia radiator pndnead 727 wntte oat of 
LOTO put In, yHAy u tfltefaMy of 46 par eaot Otea 
ara, however oAer qutatlou thu Aou of ooatpairtlve 
ataateocy to ba eoaaUaNd, aa, tor aaampto flat coat 
and eeit at atelrtaoanea, wblA la tmdeabtedly ytaatar 
In Aa daetrle wffflt. Tha oan Meaamir At opacatim 
and HM avaaa oeonpled nro aha aOm liapartart. 
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A New Era in the Science of Nutrition 

How Two Masters in the Art of Experimentation Are Bringing This About 


AhoiiT fiiiir .vi'OTH Btfui Dr- Thomai B. Ofborne and 
TArn.vi>lt4i H. MMidul. biinui a wrleii of rmdhii; 
I'XiHiriniimiH III Ni'W flavcn, vrliioh hav« had thn high 
diHtinrtiiiH of bniiig ipoch making from the very bo- 
ginning Tiiry hail-bnnii uporh making benauieohemi- 
c-iU nnaljiiiii. pliyaii-al nii'anurenumtii and mathematn-al 
lini-inion iiiuli-riay tlii-ir )ini«e<luT« ThmiH experlmenbi 
an- Htill U-ing nDiitiniual and tbv iK-k-ntifl« world watU 
Uiiil woiiili-ni what thinu- iuiiiHligaUire will unearth next. 

It IH iii«rly d() yearn ainee Dr. Thumaa B. Orhomo wan 
apiaimted lUweanih Chomiat at tho Connocticut Agii- 
eiiltura) KiixTiminit Htatiiin. Ilia many inveatigationi 
in the ehi-miHlry of fiinda during all theni' yiwra. have 
givi-n him a name e<|iial>al by few in tlie imtim world of 

Ihvif. 1.Afayelle B. Mendel, although eomparatively 
young, haa la-eupied the Profeamir'a ('liair in Phyaiologl- 
eal Cheniiatry at Yale Unlvemity lor over 15 yuan, 
during whieh lime hii has gained enviable fame aa a 
ehemirt of animal life. And to-day hla laboratory ia 
the Meeea fur thiiaii atudenla whuae aim ia to aolve, liy 
rlieninqU muaiia, some of the myalnriea of aniuial life. 

TlwBe inveatignliira, with the aaaiatanee of Miaa Kdna 
K. Ferry. Dr. Alfnil J. Wakenian and a hint of ehvniiatH 
Ilf the rimneetieut Agrieultural Htatlun, made up a 
gigaiitie aeientiflo-n-aeareli eombinatiun, with the nuidoal 
nun to elear new gniulid and extend the mad of the un¬ 
explored tembiry in tho oeienee of niilritiun. 

uaNY-eipKn rjcrKHiMgNTa. 

The moat important iH-riod in tho life of an animal ia 
undoubtedly the lime of ita growth, when Ita bodily 
foundation ia Wing laid and Ibc body atruelure built. 
Thewi inveHtigalora ahowed ua that Nature will nut build 
an animal body if the aupply of proper building nuitenal 
1 m withheld Irom the animal—il it be Impropoily fed. 
The young animal under thoao eonditioiu need not be 
underfed: on tho oonlrary, it may eoiwume enormnua 
iliianlitiea of ImproiMr or inaileqiiate food: nevertholeai, 
it will not Iweome largiT and gain iu weight - it will not 
grow—aa young animala abould and ordinarily do. 

Tho elfeot of nutrition on growth ia, however, enly a 
amall iiivaaure of their far extended inveHtigatloua. Thu 
rtUe lawteria play in digeation, the imporUnoe of the 
imirganio oonalituUmta in our diet, the relative nutritive 
value of different fate, eueh aa butter and lard, and a 
iiuiiiImt of other prublema of pnu'tieal eunneni to man, 
have Uain invoetigated hy theae workera. And when we 
eouaider the far ruaoliing imporlanee of theae expoii- 
uu>nla It beeuDUM elear to ua why the aclentlfle world haa 
taken aueh an autlve interuat in them. Kffleuint and 
eeonuniie feeding la not only of importanae to man in 
hia iieraoua] punull of health and happineaa, but to the 
mule raiaur aa well, lioience ia the greatoat waate elimi¬ 
nator wo liave, and ultimately it will prove to b« Iht 
important fai-tor in rHliieiiig the high lawt of living. 
roUMER VlKWa 

It is niMdluiui ui any that experiumiita of thia nature 
euuld not have Imhui undertaken had we atill believed 
that "itio fiaid we ato waa Unit converted by the liver 
into natural npintii, wliieh the IiUmmI and inapired air 
ehaiiged into vital apirita and whieh, on roaohing the 
brain, bevaiiiu animal apirita.” Neilkur would theae 
inveHligalinna have been poaalble bad wo atill Iheuglit 
that the meat (iimteiii) we eat, hei-ame body dcah with 
very little tmiiaforniHlinn. 

It waa tliia laltiT view whieh led Jiiatui von Liehig, 
tile great piuueer in phyaiulogiral ebemiatry, to auggmt 
tlml till- Ix-al food fur uiie wlio wurka with hia muaelea 
ia Heine other aiiiiual’a niiiaele, aueh aa beef. Thia 
tlieor.v could never make vhvir how tho ox liuUda up ita 
lieef on a purely vegetalilv diet. We know now, beyond 
tho alighteal Hlinul of doubt, that the energy required 
for muaeular work la fiimiahed largely by tho earbuhy- 
dratee (atarehy (laHla) and fata. 

UiifurluitaUily tho Uebig view ia atill popularly an- 
oeplod. Again and again frienda advbn ui to eat meat 
for atrength, forgetting that our donuatloated animal, 
which diaplay the moat atrength, auob aa the bone and 
bull, arc berbHntuua animala and Uvo on a vegetable 
diet exvluaively. Thia ia not an appeal for regntarlanlaia. 
Man ahould isi mt«t, hut let him eat it moderately 
and not entertain the idea that it aupplioa him wllh 
eiierg}- for muaoular work 

The erronooua oorpuaoular theory of light, formulated 
by Mr laaae Newton, which kepi Uw wdrld in darkmiai 
for Heveral ei'nMirioa, until tho wave theory of light 
llimlly' ooiiqiien'il, la a aiiiiilar toample iu the OeU of 
aeienoe of a gnwl mao'i error and Ita Inlhumw 

11 IB o\ idenl that, jiial ai tlie belpful auggeatlQlw of the 
great exert a goodly mfluonon. In the aamo wmy, and to 


By R. L. Kahn. M.S. 

the aame degree, do their erroneoiu viewa eaert their 
harmful efleet. 

THK raOTKlN MOI,acVI.B, A HVOB uniurTUM. 

The greateat inteteat In the atndy of nutrition attaebae 
itiielf to the imtehi mtdemile: the nitrogcDoua moleaule 
whieh goea to build up the variooii time* of tho animal 
body. The carbohydmtaa and fata are our ooal fooda; they 
furniah ua with the aame amount of heat and work energy 
whieh they would furniah an inanimate heat engine if 
burnt in it. But how the inotein of a grain at whaat 
can be tranafonned into a nerve fiber, a drop of blood or 
a muaete eel], appeared until reeenliy quite InexpUeable. 
It waa known for a long time that the grain of wheat 
waa lint broken down m the digeetive lyatem, after 
whieh tlie body would utlliie the broken down produota, 
to ault ita own needa. Fnrtber thui thia, however, 
nothing waa known. 

Thanka to the recent laboratory inveatigatlima, we now 
know the chemical nature of the protrin moleBale better 
than we ever did before, and wo can foUow up ita life 
eycio In the animal body widi muoh pteoialun. 

The protein moleeule, although phyaloally not big 
enough to be aeen with the higheet magnifloation under 
the inieroeoope, la, nevertholeia, e h e m l e al l y a very huge 
alruflture. Bhould we break it up It will yield an enor- 
mouH number of other moleeulei. Tbeee new moleeulee 
the (lorman eoientliU have ohriitened with an unuaually 
appropriate name. They eatl them Bauateine (build¬ 
ing atonoa), they being the building atonea whieh gu 
to make up the protein moleeule. Them building atonea 
are definite chemical lubatanoes known aa animo aoida. 
UirraRRMT BDILDIMOS with MMII-AR hUlbOINO ntIMRS. 

When a protein moleeule ia allowed to eome in oontaet 
with anida or digeative flulda, the buildiog atonee or animo 
acida aro Uborated. Theee Gilding itoiiea eaa now aorve 
aa the material with which new protein atruoturee, aueh 
aa liver, brain and muaclo protein nay be built. Thia 
in fact, ia what Utkea place during dlgeetlon. The digee- 
tive (lulda lilierate tl^ building atonea of the proteina 
which wo eat. Theae buUding atonea enter tho eirc.ula- 
tloli and are diatrihuted to the different tlaeuva of tho 
body, where they aervu aa the building material with 
which the body Imilda new tiaatiae to ault ita own nooda. 

We can now underatand how the Ikin in the jungle, 
the cow in the atall or the Mrd In the neat, can boJld 
up tiaiuea whieh are ao aimilar on fooda ao entirety dif¬ 
ferent. The myitery waa aoived when the labomtoiy 
atudoDt auhjcct^ a largo variety of fooda to obemicij 
analyaia, and found to hia great aurpriae that the building 
atonea of the variouf proteina taaad in tbaee fooda were 
caaentially tiie Nine. 

Juat aa we have in any city a Urge variety of itrun- 
liiroa built with ainular materiaia, we have in nature a 
large variety of proteina built with rimilar animo aetda. 
Horae atructurei In our olty. embodying more building 
nuterial, are largrr than othen; othera, again, oontaining 
dlfferont proportion! of certain buildiig atonN may vary 
in form or atyle. EHinilariy, aome of our proteina lack 
animo aoida, like gUadin at nduat and uln of maiae, 
and are therefore amallar—or to um a Uborafcwy phiaao- 
ology—are incomplete proteina. Other proteiu again, 
are Iwlieved to contain diflwent proporthma of certain 
building lUinra. Thus, for Inataaee, albumin of egg and 
gtobulln of meal are two complete proteina; i. e., m far 
u ia known, they do not lack any animo aaida, atill they 
poaaoaa different ohonlcal propertiw. It ia extremely 
probable, tharofora, that theae two proteina eontein 
varying proporte na of the aame bnllding atonea. 

The blood of the lion, oow, bird or any other 
hnowB not wbethcr the aonroe of thebuild^ itoawa whidi 
eome to it be a grain of wheat or a bH of fleah. TUa 
b not ita buatnem. It h the bsaineN of the aabnal to 
obtain food, that of the digeetive ayatem to oonvert thb 
food Into enariy-yielding and tbaua-building material, 
and It b tho blood’a duty to imetn the dally aqniiy of 
thb new mat«ial, pertienlarty tho tbwo^ulldfav 
material, or aniiao nrida, and diatiilnite It to Uvar. ttiMDbn 
and other otgaH of the aofanil body wh e re It nny be ^ 
utilbad to rebuild the eeSi which aro bring brokmi down 
in the daBy wear and tanr. 

X TUUT «o Tin unoiAWBT. 

Lot ua now apeod a few misatea in die Ubontory whom 

the exparimenta with wfabh we an moat eonomad an 
boiiig eanied on. We are bS wtBobaitly atlTanmi) in 
the eoianm of nuteHioa to undentaad feSy th» wttfe ol 
our hivcatigntom. 

Ume we nn in * Urge and digntfiMl baUk 
on Hnatington ftreet. New Hsven. It b At iariM 
butlding of thn Coteactieut Agvbtiiteml 
Station. Wo wO tnfer to the rii^ the apMtoW tom 


on the main floor nnd wnteh the chanririi wrijlc. 
PraetkwUy an ate hually aigMM boIndiHi jgnlriM 
vnriona food atnlh. Wo ice one adding m nrid.bilnAm 
oanfnlly to n Uhganon jar eontriring mBfc Wb fern 
am the flooulent praolpiMa of NNin balat fotgud ah ha 
addatheacld. Hebaepnratfag t h e aeaelnfenBnthemijk. 
Another b bolathig edeeSn boot h a m pa tei d. A 
b re-pnrifylng the gintenin he obtafawd friin Wheat, haid 
■o down the Um. Bvety one aeapta to raaSs* the W 
portanoe of hb work, fer thoM boUtod protaiht-an to 
be uaed in the feedhw eotporiiiMlte of Oabeoia and 
Mmdri. 

In anoiker roan we aM aaveral hundred eagaa, aaah 
about the abe of an ordinary bird aage. InaaehodthaN 
cagea one or more white rata are afannbetiilg. ThaN 
animala alaep during the day and nie aetlve at 

caiiae of tho relative enM wiA whieh h oan be looked 
after, and abo beoauM the Ufe oyob of thb animal and 
ite rrintion to man hM in neNt yean bean onnduDy 
atudied by Prof. Dmialdaon at the Wbtar Inadtute. 

The duration of life of the white rmt b three yeera. 
For 20 daya after Urth it will depend upon the mother 
for anatenanoe. It b aaxnally mature at the age of flO 
daya, and ite entire growth p«iod b oompleied when it b 
280 daya old. The flnt year of the rat’i Ufe eofneponda 
to the flnt 80 yeara at human Ufe, and, aeaording to 
Prof. Donaldaon, the 3-yann«ld rat b very old—oom- 
painble to the ilO-year-old man. 

MAiimnAifon and anowrn. 

to begin with, tho diot of theN animala oonabtod of 
■taroh, lard and inotganb aalta to wMoh wna added aome 
bolated proteia. Boon our teveetigataiii eatnhibhod the 
faat that there b a dlffcMoee between fU roqnlreinoiite 
of a mature animal and that of a growing aafanal. The 
adult Bnhnal needa protein material witii whirii to repair 
the daily wear and tear of Ita body; the growing animal 
needa protein material with whioh to buUd up ita body. 
They found agm and again that dlsta whidi arare 
Hiin«ient to maintain an adult animal in good haalth 
were not aulflelent fur a young anima] to grow on. 

Thb, in reality, b what we would expeot. Youeennot 
often build a maohiDe with the materiab with whioh you 
oan repair it; and the food wUeh eaa. adequately rqwir 
the animal maohiM may not be aufflobnt to enaUe the 
animal to grow and build up iU body. Nature oet down 
mote rigid food raqubemente for the young Balmab than 
for tho mature onee, to make lure that the bodily founda¬ 
tion which the fanner build during thrir period of growth 
bo of aoHd and iteong material wo that it will withatond 
woathoring btar in Ufe. 

Qrowth b. indeed, a very myeterioua pbenomeiion in 
the Ufa of an animal. The growih-lmpriaa, or “WaA- 
HumtrwiV’ a the (hrman phyakdogbte oaU it, b inherent 
in aU animala. It appaara to bo a funetion of the young 
animal oeU. NntilUoa, no matter how lioh, oan nrithN 
haaten nor prolong growth; if inadoquate, howevs, It 
wlU Interfere with the growth of an animal. 

ONnanmaoiNa and iMmoran mnnuro. 

There eppoan, abo, to be an importeat dUferaMe bo- 
twan undeifeedlBg ud improper toedb^. If you un¬ 
derfeed an animal, that b, H w^ you give it b ao«gbh- 
faig food but of biauffiebat quantity, yon win not interfere 
with ita ridUty to grow. Ita giow^ howevar, wlB to 
attheaxpanNof iUowntbmoe. The hooM will aribrga, 
but the mnaaba and other tbtuee, not neriring nffMant 
noniiihmat, will waate away. 

Should an animal to improparly fed, H b the euM whan 
you feed U with ia bobted protrin wUdi bake building 
rtonae. growth itaelf will to iatetfeead with. Under tbeM 
oopdltbiai, BO matter tow bige Ae vu&titgr of food the 
animal may eonamne, it wU not grow. 

Take for faumaw Rat flib. Im diot "r-feinil of 
■tank, lard, imniaata aalta and ribdia. one of the pan. 

triw of wheat whkfe b haotm to bek MOlhd toUfate. 

■tOMa. Atitoa^ofMOdayaitwabMtotyUflraaa. 

It aheuld tovo wrighad abantUfl jmina, Now 
{tfe ulaal did not auOm Item nad((fea«ng] It ato toR 

ato to «i«iy tovtoinrito ton fflSy HpiiiH 

thriMB, it was ttotto n gnw.. U ta fair to dmtow, 

ttontoa. that flb lato n tana boMto itolto la 

tori itonnted Aik ndototion toadbfl 
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fM^proWto. or inonanie odto 

tMin m 4 M ahfaul and tha utaMl ounol Uy& 
Ml Mi Hdatat «1^ » pcvtote wUdh laoki 
itoDM Hid It iriU Uva. but will nut be 

•UitIRI i^ov. 

*thl«l»TTWnorlHWu. VatoMatertoontHiaaiiiial 
in ilf .dihiatle hr eiiitMiM with the nvMt ubundMit 
for Hh. AU Ito eriHii ecmtain far more 
mAMia thHi It Miatip aarda. More thaa half of iti 
lirat aad panawai eaa ba laiiovad with fanpuaity. 
Re«ap*d a fag or a Udaay. or let aa aaliiial loae more 
thaa half oif ha blood, aad atUI (ha aalaial w&l hara iu 
hthUk KatoM ptovidad (ha aafanal with every oon- 
oatvalile (aaaaa to eoatiiiae Ita Ufe ia the mldat of ad- 
veoMaa. Rowavw, the buaafaba to maaafaotare butld- 
InrnoaaanatatognatedaloiOBtMmliioively to the plant 
Uacdoaa Aad If yon withhold bofldiiigatoiiaa from an 
atdmaTa diet (ha worhera of the animal w a Bhl na will lay 
down (heir toole. Work will atop. The animal 1(100- 
tan win not ba bunt. 

Soilply pUata with the nw ohemtoal elamenta, auoh aa 
oarbm hydracan, ahrogan and ao on, aad aunllght, and 
(ha moat eomplax atrnetana will be built by them. 
Aabaala oan not do thia. The dlgaatlva ayatema of aol- 
mala eau only break down (ha atraoturee built up by 
pfauMa, Qbaaata Um buildiiic atonaa and ^utfllie them 
to build up the anhnal body. 


We alwaya think of Nature aa doing her work In an 
ordariy and WaU-ngnlated manner. It it dlffleult to 
ooneelva of Mother Nature hunyloc about bar work. In 
fniidlnt the boikhiig of aa animal body nothing eaa lead 
Nature off her path, providing, of eonne, that the animal 
neelve the proper buildliig maiHial. A rloh diet will 
not Mba hv; t^ anhnal may iton up loma fat, but lu 
growth It eannot haiten. 

If. however, an animal whloh ia etnnted for a given 
lime, due to Improper food, beghu to noelve a diet whieh 
li adequate, it wlU ImmadlatBly begin to gain in weight 
and grow by leape aad houndi. Naturo then wiff over¬ 
rule her own lawi of growth in order to help the anhnal 
gain what It had loot. 

Rat m, for faiatanioe, raoelved a diet similar to (hat 
reneived by Rat 340, gUadin of wheat eervbig aa the only 
protaln. The mlmml uva stunted for 40 days; then a 
part of iha gUadln waa nplaoed by oaMln of idlk. This 
now protein auppUed the buDdfaig ■tones which glladln 
laoked; the anlnud began to grow with unwnal rapidity, 
and qUioldy gained what it hnd lost daring the period 
It waa (tunted. 

It ia evident that Naturo provided tiie «dU of young 
anlmah with a far greater growiiii oapadiy than that 
whieh they normally make um of during thnlr period 
of growth, ntre we have etill another of Nature'N 
pnvUona for the well being of animahi. 


TUB INonOANIO 

No phaae In the diet of an animal hae boen overtuolcnd 
ae much aa the rOle of the inorganio naltJi in it. They 
ndther supply u« with bitat and work-energy (with tho 
exoeptlon of ealniam which gnn to build bone) mir cerve 
a* matorlal with which the lardy biiilde its thMUec. Never- 
theleaa, Ufo !■ Impaaaibht without time salU. To remnve 
the inorgaaia lalte frmn a diet ic moro fatal to an animal 
than itarvlng it. An anbnai which is able to livo UU 
day* without food will not livo halt aa long if Ita food ia 
free from inorganic aalta. 

The Inorganie ealta aeem to regulate the conrentratioo 

the flnidi of the body. We know from experience to 
what extent our inteatines become fluihed when taking 
a aallne' eathartle. Fluida from ail part* of tho Ntdy 
ruah to tho Intoitlne in order to dilate the oonceutratod 
aalta and bring it in equilibrium with the otber fluida 
of the body. 

The Inorganic aalta are oa important to the Ufe of an 
animal aa ooment to tho brlok atrurture. Remove the 
cement and tho atructun oan not atand. Remove the 
Inoiganlo aalta from our diet and life ia ImpomiMn. 

Mixed food* ordinarily contain aufflciimt inorgauiu 
aalta to supply the need* of the animal body. The adding 
of table aalt to our dicta ia. in moat oaaeB, the reault of 
habit and not, aa ia the opinion of aome, beeauae tlie 
body aotually requlrea the additional aalt. 

The white rata, being aupptied arith chemically iau- 
lated food material*, had to rooeivo definite quantitiH* 
of inorganie aalta in their diets. After ovnrooming u 
numb« of difficultiea onr Inveatigalon turniahud the in¬ 
organic aalt requitemMiU to these animals in a very novel 
faahlon. They removed, by chemical prueenaea the 
proteins carbohydntea and fats of milk, and left in It 
the inorganic mlto. This fluid oontoined Inurganie aalU 
in the proportion in whioh Nature provided, and by add¬ 
ing it to the diet of theae anlmala, it served the purpose 
exoellentiy. 

THB ndui or BACTUHIA IN NOTeiTION. 

The feer of germs hae lawn ao exaggerated In recent 
yean that it ia oaualng far moro harm than the very bac- 
toria which are must pathogenic. Indeed, tho lowered 
reaiatuioe to dieeace wnleh fear ia aure to bring on will 
often make one luaoeptibte to the bacterial dlaeoaes which 
ho feat* moat. Of the oountleas boeleria whioh fill the 
air, water and anil, tboeu that aru known to bring on 
diarase oan be counted on our fingeta, while the real are 
busily engaged In enriohing our soil, purifying our water, 
flavming our foods and, in many other ^pful flelda of 
punuit, being pocauasod with the single aim of making 
animal life poiadblu. 

We have known for some time that booteria play an 
important part in the prooemee of digretkm without, 
however, knowing deflmitriy what this part i*. Oeborne 
and Mendel have shown sp^flcally, in the onune of their 
experiments, that baeteria exert a IwneBcJal influence in 
the uUmontary tract of animals. 

The diet which tbry gave tini rata, being ebomiually 


pure, waa almoat free from booteria, and the animals 
iindcr these lainditinna would often show sign* of 111 
hesJth. They tiiMvu|)on doeidud to supply their anlmala 
with the proper baelortal flora. Their sclnmie was to odd 
to the diet at their anlmala amall quantities of excreta 
ublaiiied from nite which wore fed on regular mixed 
diets. Tlii'ir ruts thus obtaining intestinal liiu-teria of 
noraioJ atiiinolH, atinwed marlnid mipruvi'ment iu iiraeli- 
oally every case. 

To remove the poaalbility that tboro wore othor in- 
gredionta in the excreta, beeidea baeteria wliicb broiight 
about the benefleiol effoota, they killed the bacteria by 
■terUizing this material and fed it to tho animnla aa they 
did before. The result was that the helpful effect* were 
nut in evideuoe. 

That bacteria are helpful faetors in digestion ought to 
bo impressed very strongly, if for no other reason than to 
help allay the pruvaliing fsar of those litUu UkUhs. The 
pathogenic genua can do ua no harm iinluss they are 
given an opportunity to grow in our tissues, and this we 
virtudly permit thorn to do whenever wo lower otir 
rudstance by ovur-worry, fear, etc. In health,''hiiwevnr, 
onr iKHlies are aiinoiently equipped to uieroOhui tlio 
disease germs. 

We have sjiokon before of the imixirlanee of imiteins, 
carbohydratos and Inorgaoio salts in the foods of animals, 
to the extent tliat the removri of any of these fniin an 
animal's diet would cause the deatli of that aniiiud. 
Whether or not fat is essontial to the life of an animal 
has also been studied by those investigators 

They fed a numiier of animals witli diots wlindi were 
almost free from fate, and found that siiuli diets did not 
inlurfera with the health of the eninuls. it would 
apjiear, tbonfore, that animals ran grow and maintain 
good health for a time on a diet wbicli is unariy fr«Hi from 
fat. 

This, it is readily seen, is only of soinntifle imiiortanee. 
In aotnal life it would not bo advisable to eliminate futs 
from our diets on aocfjunt of Uinir relulivo cheapness 
and high heat value. 

Osborne and Mendel have very recently carried out 
a aoriea of exporiinonts which have a more practical 
Isnring. Th(^ tested tho relative nutritive value of 
butter and lard. Butter, according to their experiments, 
la far more nonriahlng than lard. Animala widob a|i- 
peored weak and ill when getting lard in their diet showud 
marked improvement wiien butter was aubetiluted. 

At tho prosimt time Uumi eelontista are eonmmied in 
the study of the relative nutritive value of the various 
vegetalile fats, aiioh os olive ml, linseed oil, oto. 

Tho experiments of Oaiwrne and Mendel ore known and 
disenaNd in every biukigieal laboretory in this oountry 
and abroad. They have caused old tbcorica to foil, 
and now theories to fonn The seienee of nutrition is 
undencoinff a period of reformation, and we feel nut a 
littio proud that two Americoa scieiiLisls are among its 
refoniumi. ..i 


Dqyilo y wto tai X-Bs 7 Tubes* 

Pmt. W. a BitRTCur of WurMiorg, Bavaria, suiipect- 
ed that when a ourrent of electricity poseed through a 
Rlaae tube containing a goi at very low iineauro, In¬ 
visible light waves were given off. The Idea ocenrred 
to Urn that such roya might oiTect a llonrcsceut screen 
In much the Mme mannor u dM ultra-violet rays. In 
order to cut out the vtslble light from bln vacuum tube 
he wrapped U In hoary buck paper. Upon iqietaUng 
the tabs to make oertain that the oovecli« wa* com- 
Pletelr IlghMlght, he noticed to bU raciirUe that the 
fluoresoent ecnan whieh be had left on the table three 
or fear neten kway glowed brightiy. 

Mnt^ invektigated the propertUa the X-tmye 
with oharaeteriatie CUrman thorong hiwa s By 1807 he 
had giaiilil MKh a voliiiBa of Infocmatlim about Z-raye 
that neariy crniy sMentlal plaes of tcwarch on Uielr 
propartUi np to 1908 can be fMind In Ita more Orntmt- 
ary tork In Ui Huat origliial menMlra. 

origliial taba of ISOS waa, Indgad by mod- 
en k prrtly emde kflalr. At cathode waa 

flat anl aaiRtad a dlBbaad bnndla of oatlioda raya which, 
upon M*ting tha glam at Oa tar and of tha tnba, pro- 
MadZ-nya. b UM OuapMO-Bwliiton addad a pUt- 
inoa (argat iqmt whldi tha catliada rtraua bit AU 
laertaasd lfea piMfratlag abiiliy of tha taya obtatiied. 
Ik Ml awal year ^Hhaaa mada tha gatbode ecneava ao 
aa toloMs tha kkthoda ataaaai upck • aman area of (ha 
taigab By gtotaff Mora aaady a petet aenroa ad Z-nya 


Mpyitg* AkH^fabaMkaaom chaagtd to form, 
hkt Mito-pritoiktoi 4^ ^ 

'Mipltouf toild* tha to*d toa# totearaagad M 

hast fMi 


Meunwhlle In 101% Ur. Coolldge discovered the 
prixswe of making docHle tungsten such ns Is used in 
tile tlliimenbi of niaadn lamps. HlierUy after this Uls- 
i-overy be became Interested In perfecting a wrought 
tuiigHteii target for X-ray tubcH. Uiirtng this work It 
lieeanic nccesiiapy to operate tho tubes up to the limit 
of their capuelty In order to find out how much abuse 
tiK' tungHten targets wonld stand. During the courae 
of this work be fuuud that the ordinary aluminium 
catlKsle could be meltod If iralllidently high currents 
were sent through Uin tube. He tried to remedy this 
by substituting a niUmde made of timgeten wluaie melt¬ 
ing isilnt la very high. But such tuboe were found to be 
very unsUhlc. When currmit was sent through such a 
tulie. the vacuum locreascd rapidly until Anally no 
current would pau through tho tube until gas bad boon 
liberated from the vacuum regulator. From a practical 
sUndpiAnt atieh a tube wae bopeleHly nniaUstactory. 
FUially It waa found that If the process of operating 
the tabs and Immedlatriy reducing the vacuam were 
repeated rapMly enough, the cathode became hot enough 
to glow, and that after thia the tube would operate (dr 
aeveral mlnntee at a time without It being neceasary 
to let la freab gw from the regulator. Thia anggeated 
the Me* of a cathode heated by some external means. 

Blchardsoo, "bad othera In 1802, bad abown that 
eleotrona ooold be obtatoed by merely beeUng the cath¬ 
ode, but had not been able to obtain conatont raanlta. 
Or. Imngmulr of tha Beaearcb laboratory of the Oan- 
oral BUactrlo Company, bad tbown that the rate of 
oBlaoton of elaetnw from a hot tnafaten oatbode to a 
very hV> vaenum depended only upon the tamperatora. 

If wa boat a tangaten fllameot, dectnma are given 
off and aeon a condition of ntaratloa ocenra arwnd 
the fllamanL If tha Uament Is made the cathode of a 
lompotonttol dronit, a amall current paato. If toa 
voitoga la tDonaaad, a largw current paMa. ntally 
a Toftoffa la laadtad t^kdi awaopa away aaaiy atoctren 


ns fast us It emergos from Uw hot tungsten. For all 
vuilagFM above thbi, tbe current fat uonstiiut, and Is lade- 
Is'iHlcut of tho Toltagiv Thus we have a tvalstaiiec os 
fur removed from the ordbiory Ohm's law resistance ns 
possible. This Is not because tbe L-ondnctlon Is carried 
on til any dlircrent way, but bvenuso the number of 
available olectruns U limited. (Thu reason that Ohm's 
law bolds hi conduction through wires bi that the sup- 
Illy of available electrons In the wire Is practically 
uiillmited.) 

As a iource of electrons la his tube. Dr. Coolldge 
made use of a small spiral of tungstmi wire heated 
wMte hot from a storage battery in exactly tiui same 
way In which electric automobile lights are oiwrsled. 
This spiral U the cathode aad a block of gas-free tung¬ 
sten Is the anode. Ae rate at which electrons are given 
oft from tbe qibral dopende upon Its temperature, wlilcn 
bt under tbe Immediate control of the person operating 
the tube. Tho voltage acroea the tube ts also eon- 
trdUible at wUL Aa the voltage employed In ordinary 
X-ray work la much greater than la ueceoaary to snatch 
all tbe electrcne acroee from cathode to anode aa fast as 
they are evaporated from tlie fllomcnt, even at tbe blgli- 
eat currents now In usn In X-ray work, the voltage and 
carreot paoatng through tbe Coolldge tube are totally 
Independent Botli may be adjusted to any deeirrd 
value with any degree of prcdalon deolred, and at any 
Hoch adjustment tbe X-ray performance of tha tube can 
be dupllcatad time after time. 

A NoTcI^lbigiiieciliiff Expedient 

Out to Honolulu It became neceieary luomtly to low¬ 
er a Urge and beavy ateel tank Into a dedp pit where 
there wu very little spare beyond the dlmenelonH of 
the tank, so that tbe wurlunen liad no room for ordi¬ 
nary blockliig of the slie requited. The difficulty was 
met by bnUdlog np n hloektng of lee, aad siihsetpiciilty 
melUiig It out by sloaiu. 
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The Cutlery Works of Thiers 

Manufactures of the Old French Town Where Knives Have Been Made for Centuries 

By Jnr4|urH Boyi'r 


With Ita cullary Hboim acatterad alouir (he waler'N 
liUnk on the r1|bt bank n{ the liirbuleut iMimlleis 
Thlern In one of the moat plrlun<M|iie rlllaapa of Kmriii*. 
Biilll ouo after the other at llie iMiitom of the valloj, 
I hew ciirliHiM workaho|iii, known llirniiahout the illalricl 
iw •'whecla,” eonlaln eaeh aune 6 to 12 frindatonea, iiid 
tH the evunw of a year tbomanda of knUe-bladea are 
Nliarpeued In them. Ilie workman, it ahoold be aald, 
labora aa he pleaam in theae ahopa, aa he la merely a 
tenant nf the place he oeeupleB In return for e tent of 
80 to 100 franca a year to the owner of the "wheel." 
Thiie, he preaerve* his HbeHy and comee when he acea 
0* to iierfhrm hla eevere taak. 

Tbe ou'mlhHi of knlfe-|r(ndlni{ (In a primitive and 
IMlnfUl but uiixliial fuidilcm) la atlll carried out at 
Thlrm 'Ihe'krliidatonrM revolre nn a boriaontal axle 
wl II lltQa above the river and the lower part of the 
Hlune (ll|M tiilo the water, which Ihua acts at the eame 
time aa a lubricator and cooler. Tbe Ihirolle fUnlalM 
all file motive imwrr fur tbe onlirr wiirkahopa In wbteh 
urIiMleni are ami lying on Ihelr alnuarha on iilaDkii. 
;fhe plank, allghll}' liailnod toward Ibe workiuaii, reau 
oil a acairiildlng. and Ita hardneae la aoflaiMd by a 
euidilou nr alieepakln. Keeptat the haad and ahonldera 


iil< In tbe air, eeeb man liolda In hJa haniUi lirlow tbe 
plank the piece of aleel rut tml by n ininch (mm which 
he la io make a kolfe-Uadc by preening It agaliiat Ibe 
rlreumb'reiici- of the grindatuim. When II la iHavmary 
for the grinder to exerdae conaldernble proaaiirc, dllwr 
li, make tbe point or to thin a purt where the metal la 
too thick, be raiaea bimaelf allghtly and prraaea the 
Made atalnat the grlndatone with all the wdgbt of hla 
Imdy. On aocoont, however, of the bnmldlty pnealeut 
111 the "wheeli,” the poor fMIov atMtebed at full I«i«tb 
In enally benombeil and enda by beliig very rfaeomatlc. 

To avoid theae allmenta. tberaforei as much aa poaelble 
mid to keep tbemwlvea from getting cold, tbe grindera 
nae little doga aa “fumacea.” 

Wlieii ready to begin work each ona of them whiatltM. 
Immediately a talUifal little dog, traliMd to thia task, 
cninea to roll hlmaelf op on tbe crowed legi of the 
grinder. The intelUgaut animal cavern Itg maetei*a lemi 
aa much aa poarible, and at Omea atretebaa Itaglf upon 
Ibe grlnder'a bavk; In tbia way It commnnlcatea k fan* 
lie lient In him wlthoul which Ibe Igek'iif movetBCUt 
vould eauae the matter to baooma ebUlad In a dmet 
time. The poor aulmala aeMom Uve to fww «4d. After 
havlni ailed for aeranl ymin Vm lOce aC a Utlag 


■rnotatove” they become crippled, are killed to Mve 
Ibem from tudeea anffnlni, and an repiaced by ao- 
iiiher Hiwniel or naweleM mongrel. 

Aa early aa tbe thlrteenita eenluiy the “coaleNara” 
luld Kreuch for cntlera) wgra oarrylnc on thair work 
lu Ibe old Anverguit town of Thlen, hot the ant an- 
thentk decuminta dlaconred by the aiebeologlat Oim- 
lave HalntJaaniiy only go back to tbe nd of the at- 
taeotb century- These tapers are, affet, a paidon 
granted In the month of Oetobar, IdSO^ U itUig Oharln 
TII (0 a cntler of Tblaca, Jehnn d'Draon, Who hid aom- 
pAualMd hlmaelf by mnkliig the bmUs ggeA by n 
PatWan goMaiiilth namad TanrW to tnrn ont hnaa 
mcmer at tbe dutsan of BalntOlMiaea near Itnolin 
Than, a fngment of the land-book of the banmir tt 
Thlen, dated 14 T 4 , abows that a fourth of the popnla- 
tloh wai at that tlata aomad In tha entlary tridn Tha 
InduMrlaJ acttrlty of tblara begu abont tUa «|m^ as 
did also that at BhiOaM, and Om town danlo^ Intp. 
an laepartnat antlsit canter; tUa IgtportaaM eo nt lnis i 
nudl (he elghlaenth eantury, whan tha tbdiMter htdMi 
to daallaib Howerw, the khtta popwarif gga> 
rant# ma sHK haMhotand In' AannPto apd tRuitid 
tha adMtaOah aClh* s» tfia tt/oMUkM 'Ah- 








































SdOmnCAIffiRICAN SimEIIENTNa20M 


Ummm «C Ow Loom feM • ■■mlM •napW a€ ttta 
kntti wUk • Uida aodtaii wUboM a vlBct on tlM om 
dda W ita wMta taudto to tte wort “witakW' (■«• 
OHIO) Ort 00 tko otte ‘ODootarto Dnboii.'* aaoM oC Ita 
loour in lUoni The ripiwrton owtoeko do »oit 
(.wprtn oartuht), loiioral]/ mad to rnnco to d«al«- 
D*ta thto kind of knUa^ lo tliocolbN loeomot 

Daring tlw ntnotoontb oantury tte ntiratutiin of 
knlMOttltdlly Improrod in rnnco Fran 1848 In par- 
ttaaian tte entlon of OtetaUaranlt began to naa ma- 
ciilaaiy for tte marliapkol auumfuitiite of tte ten- 
dloi: tten enaa torgliig and dUng macblnwr, wUeb 
iBVroosnenta am adopted long aftarwardi by tte tic- 
tarim at Nogant and lUm. 

At tte pr oomt day two elaaaaa of knlTW are made— 
kobran ttet do not rioae, ta table-knlTw, and qtring" 
telaao, aa poekatkiilToa 

IMa mncli bobig dear, M ua toko up tte procaaom 
In tte Boniifactaie of knlvea wblub do not clooe, and 
bagla with “tte blade of the amtache,’’ tte blade which 
it lo BMtaaaty In toccoaolon to fOrge, harden, grind In 
ordor to obtain tte onttlng edga and ttnally to poUah. 

Steel roda of good quality haring been aelectsd, they 
ora dlalded Into equal lengtba, which are drawn out 
at one end to fonn tte blade aud at the otter to form 
the tong that la fitted Into tte handle of bom or wood. 
TM draarlng la done by a email trip hammer which 
atrlkea 800 to 400 Mowa a minute, nien the bdater 
or ahouldw la mode by preaaing with a fly-preaa tte 
port of tte atael that remolna between the blade and 
the tang. A ontting machine than given tte blade Its 
final fOnn, aud Turioua reheatlnga or cold hommerloga 
reatocu to tte ateal lie original phyolcal qaallOeo. Aa 
a fact. In the coune of otomplng tte cmahed metal 
looen ita homogeneity, ao that, In order to moke a good 
knife. It la neeaooary to tiae apeolal ateeln from which 
tte Uadea are forgrt by hand In tte old way, or by 
the aid of anltable machinery to multiply the blown 
of the hammer oa a bUckamltb doaa. Tteoe methoda, 
though, demand a large eapeudlture of time and energy, 
and It lo, tberefeni, better to nee a rolling proceea, by 
which, after a ringie beating, the workman In drawing 
tte metal eanaoi a regnlor dlaplacement of tte maaa 
arlth a mlnlmnm of effort and without altering tte In¬ 
ternal atruetare of tte metoL Tte prlwlple of the 
varlowi maohlnea la that two eyllndera each haring a 
ooucnve die of half tte thlckneea of a kolfe give to tte 
blade'ItB gaiieral form. Tte workmen Inanta tte etcel 
rod, cut to tte dealrad longtb and heated nri bot It 
cornea out on tte etber elde traiuformed Into e blade. 
Ihifnrtnnately thom machlnea ere eaiwnalve; new cylln- 
dcm are fmqneutly needed end the price of renewal la 
hlab, Willie, In addition, they are anited only to a 
eingle fixed model. Conaaquently, a now rolling mnchlno 
haa boan lately Inrented, conatatlng of one email on- 
ntompad eyllmler and a plata carrylDg tte matrices of 
tte dlOttent lileilee end traveling on e carriage formed 
oa a illde bar. Tlie movement of the carriage la pro- 
iluoed by mMne of a acrew or ■ rack bar, or a connect¬ 
ing tod and eccentric, whila tte rotetloa of tte cylinder 
Is caused solely by tte adherence of tte objects to be 
rolled. Tte cylinder le fixed ou an adjuatsble ehaft 
which oun be regulated noeordlng to tte thlckneea de- 
Hired. Tte eteel cylinder laata Indefinitely, and It mif- 
flcea to true It sodi weA with an emery wheel. Ae 
to tte matrices, wbldk vary with each moilel. they 
bear five rehqrdenlnge tasUy, end can strike off fiOO.OOn 
bledoo boforu bring won out 

Wtedwr tte blodo boa bsmi modo by hand or by roll¬ 
ing nmriilnary Its aurfaeo la rough and tte ccntuari in- 
eiaot It ia, therofOca, nooeaaary to go on to tte amooth- 
Ing down which wna fonneriy dcno with a die, bat la 
hHlay eaeonted by epeolal cntten which give It tte 
final form. On iMvlng thM machines tte bladca re- 
velvo a prellminnry grinding In order to equalise the 
thMoMae the cntUng sida. Thla whitening toduceH 
llw later work of the grinder efter tte blade la hard¬ 
ened. It ahm fariUtatea tte stamping of the mark 
wMefa Is made by placing tte too) engraved In rdlef 
on tte blade, lying Oat on on anvil, and striking a heavy 
blow with t hammer, wbldh stompi tte mark on tte 
blade. 

Ute blodee are stHI hardened ns In tte eighteenth 
oantnry. They ik firot heated with eborcoal to a Hear 
red and then they nro queurimd in water. After thin 
they an egnln ellglitly tested’ to temper tte steel and 
to givu It riostldty, and when the metal baeomea strew- 
eriored or Uua, kooordlng fo Ua qaality, tte tempering 
IsriMehed by queuching tte bladm ag^ In eold water. 
. Tho htndes of moderate priotd ntUdea an hardened lo 
As frilowldff manner. A jindoy oradUe dlled with 
Jcd4 k Ht la nn ortlnuT and on aeon u the 

.OMttl brill tte workman orinm In saocuarion with 
pkKymp Unde to be telrdsned by Oe tuig and 
phninM 4 n|i to the bolrior ^nlo the imrible. As tte 
kud* k tWu it ocqiAna the temperature of tte 

IM^ workmda drt wi it oM; art teafrtMMy Mnngm 

tf .oOl. iw rt awiiiD tte i4ht 


In one of tte Ulnsttattoim. Aa trm gntliii on Om top 
of tte pot stops the Idadae Iqr their pmjeotlng parte 
art tte aumbte at its Intenttoaa ft>r bladee la Juat 
anffldaot to keep tte tempentnn iff tte oU bath at tte 
right print, ne hardening haa much tnan»ii«> cn tmi 
valne of tte knUh, for it rim reristance, hardnem, and 
elastlrity to tte eteeL Aa, however, hardening nnly 
rivea theae Ihrea qnalltlea at tte some moment to eteel, 
It Is Mcemary to repeat tte process several times end 
tte ikUl of tte workman plays a large part In tte final 
molt 

Daring the tempering tte meui pemes enaceselvely 
throurii ctenctaristlc shades of fin colon. To obtain 
a very tough steel It ia tampered to a deep blue; It 
It Is to be mon bard than U-uacloua, ti. a atnw color, 
etc. For example, knives with atnug bladea an heated 
to a copper red, blstourys, and penknives to an onnge 
yellow, nion to atnw color. Finally, i-ertain articles, 
as lancets, demand epacial can and need to show sev¬ 
eral shades at tte same Urns when In the fire. Thus a 
floe knife will ahow in the tempering the color of 
water, violet, and copper red In succmslon from tte 
back to tte cutting side. 

Next comm tte grinding, tte beglnulng of the sharp¬ 
ening which rives tlio cutting edge to the blade. As 
was eald In the early port of this article. It Is dme by 
grindstones generally made of Vosges laudatooe. Th« 
stones ere 1.33 meters In diameter and 0.1S meter thick 
and torn at a modente velocity In a trough constantly 
filled with water. After it haa sharpened fiOO to 700 
doeen bladee the grindstone la worn ont, bring reduced 
lu diameter to O.W meter. 

Tte sharpening, which foUowa tte grinding, gives the 
edge to the cutting side, and Is done by hand on wtet- 
stonea of different Unda according to whether tte 
knlvea are large (quartaoae aandatone), or the blades 
fine (greenish close grained ichlat). 

Aa has heen already saM, grinding Is a fatiguing 
operation fur tlie workman, oa their task la carried out 
In a humid atmosiihere full of metallic dust. At Uhfitel- 
leranlt tte grinder stands. In whatever way It la 
done the work la taborloiia. Elfforts have been made 
to find mecteiih'sl methods of doing this work, bnt no 
grlmllng machine that has been devised up to now ap¬ 
pears to have solvol this dtlflcnlt teebiileal problem. 
One isitcsited some five or six years ago seems, how¬ 
ever, to be an Ingeiilmw device, although np to the pres¬ 
ent not largely In use. Tills machlnesrequlrea only two 
workmen, and when mice regulatnl sharpens 2(g» tn .TOO 
pieces per hour. After It has shariieiied 100,000 lilades 
the grlislstune of the machine has lo lie reiilaceil. 

Be that ns It may, It bi necessary to smisHh sud iwllsh 
tbe blades In order to give them flm<iirss end meUlllc 
Inster. This work Is nsiwlly done on wooden wheels 
covered with felt or with pieces of buflliiu leather cost¬ 
ed with emery, and driv-en nt nn nverage siieeil of 2,000 
to 3,300 ratntlons per minute. They are partly Incloeed 
by a taorae which serves ns a seat for the workman and 
protects bln fnsn the flying dirt, and they are able 
to execute several kinds of o|ieratlaiis. One man first 
pnllsbes the holeter, another the back of tbe blade, i 
lUlrU thn blade, aud at this pulut tbe poilsblug stops tor 
common cutlery. Itor mote carefully made artlcies tte 
work la carried fartber with poltnblng wheels or laps 
isivercd with leather and coated with tin putty or 
i-rociiH. Sometimes certein manufecturers at Chfiteller- 
nult send tbe bladea to anotter special polishing wheel 
coated with a mixture of wax and flour emery. Tustly, 
cntlery of complicated form le prilabed by wbeela 
cqnlp^ with brushes soaked In a mixtnre of emery, 
tin putty, and crocoe, 

Tte Wade of «ir knife being now complcteil and bril¬ 
liantly polUbed, let oa exainino the maniitoctiirn of the 
handles of ebony, or other rare woods, Isiw, horn, and 
Ivory. 

The work commcncca by cutting ufi the cnido niate- 
rlnl with a circular saw Into plecra of (he desired length 
anil thlcknsas, then Into roughly shaped handles, which 
are trimmed by planing Bach handle is then init sne- 
cemivriy Into a tori which presents its end to a special 
cutter fixed in a rapidly roUUng shaft. After this tte 
bandle Is set on a planing macfalna with a cutter sp- 
proprUte In form to tte ehape of the future knife. 
Then an open guide prsMobi the four sides snccemively 
to a tool wl^b, rerrivlng below tte handle at a speed 
of SW revriutions per minute, ornamente tte rides 
with more or less arUatlc chasing. Tte place foe the 
ferrnle Is made on a latte, and the plcrring of the hole 
to raerive tte tong of tte blade to also thus done. 
Finally, tte handle Is poUshed with variona Unda of 
wheds or tops coated with a mlxtnra of pnmlce and 
oil. Paari handlae. though, are dressed by band after 
they are sawn out. 

Wc have now the two cssenHal parts of tte knife: 
the blsdc nisi I lie Isiislle. All Hint Is now Isckliig Is 
a ferrnle of ttenusu silver «r silver tu uiille IIhsu. ITis 
lauMl fermles of conmon knives are generally msde 
trm riilDa of OonMii lUvar rrilrt art irooved. Tte 


strips ore dlvldod into ptocoe of tte deriirt tangtlb >rt 
tte two ends ere brooght together and soldered. 

For finer cntlery tte femiles are etomped out os 
followt; Tte Oeimon silver at a tbichiMss of 3Vi 
tenths of a mUUmator to cut Into strips and ptooea ault- 
ablo to make bolt a ferrnle. Bach of ttese ptooea to 
tten pnt nnder drop-hammer, tte matrix of wblcb Im¬ 
prints tte desired ornamentation on It, art tben a oat- 
ter rmnovoe the anneceasary metal. Tte femla halves 
ere reheated and prepared tor the eoldwlng by poering 
tte two faces flatwise against a Lombardy atona In or¬ 
der to amootb them. Tbe workman then nnltea them 
by twoH with a very flue wire and fills tte Jrinta with 
solder mixed with powdered borax. He then ptooea 
tiHs fcmilea on a long wire aplt which te sets on a 
grooved board arranged to recrive three or fear dooen 
spits and places them la a furnace. When oue aide of 
the ferrnlea to welded, then tte other Is dune, after 
which they are cleaned off with nitric arid and vltrioL 
Lastly, tte seam to smoothed down with a small file 
and tbe ferrule to poltohed with a bruob. 

Tte making of silver femdea doM not differ greatly 
from tbe mannfacture of Oernun tUver ouai. It to now 
necesmiry to assemble tte three parts (blade, handle, 
end ferrule), tte mannfacture of wblcb boa Just been 
described. 

First the Utter puts the ferrnle on tte handle, tten, 
according to tte partlcnlar case, te wtorges tte open¬ 
ing In tte handle or reduces tte tang of tte btodo to 
make sure that the holatcr has a true bearing Anotter 
workman then seises the trued knife, draws Ite blade 
from the handle and |sits the tang of tte btode lo heat 
on a charcoal brualcr. While Ihto to heattog bo flito 
the hole In tte handle with a cement made of realn and 
powdered brick. Ho tben forces tbe tang, whiefa 
to red hot Into tho handle. Tte cement melta, 
and after the work hue cooled a third wiotanau 
rnhs tlie ferrule clean and sends tte knife to 
the isillsber, who puts the final puHsb on tte handle. 
The knife now gissi to the filer, who removea the ove^ 
llitii iNirt of the cntUiig etlgi', which by donhllug over, 
wisilil pn>veiit the edge from cutting. This last openi- 
tliMi, which Is at least the thirty-eighth phase of the 
ttianufacture fur onlluary articles, to dune on a Nor¬ 
mandy BtuuH, and to reiiculed nn a Isimlne stone with 
a finer grain. 

Tbe menufecture nt spring knives closely rasembles 
In Its main outltoea that nt tibia knives except In the 
moklng of tho bandle. Tbe metal pieces or acalee 
which form tbe handle arc made by a punching machlno 
and are fintobed liy filing. The aascmbling constota In 
milting three scales slid the siirliig by two rivets fast¬ 
ened in tight, ami the blnilc to Introduced between the 
two scales. The bead of the blade to fnetenod by means 
nf H rivet, to whirb a little play to allowed. As Ihe 
scales are generslly covered by plates of other mate¬ 
rial Ihe latter am set lai Is-ftin- tlie assenibllng. 

It slinnld Iw Hulil In rliHliig llmt tliiiugb knives an- 
nil iilijni't nf primary iwc»<sJty they aro made only In 
a tow cpiiten). Thiers, Nogent (Dctairtment of Ilaute- 
Marno), Ohitellersult and Ungres In France, BhriHeld 
In Kngtond, and Bolingmi In aermany, flood witb tteir 
prwiucts all the markets of tte world, notwithstanding 
the enornioos customa dutlefi, sometimes over fid per 
rent uf the value of the ohjects as In the United Htates. 
and riiiliig even to 97B francs |ier KIO kllogrummos for 
fine cutlery In Runaig Up tu now the Niigllsh and 
Uermans have heen much more active than the French 
and have secured, to the damage of the totter, tte larger 
part of the buslnoss tbroiigbout the world, nefore the 
present war Hn1liigi-n with Ita siiliiirlw funned a town 
Ilf over IflD.nOO Inhabitants nagagisl alunist solely In 
llic cnIJery tniilc. Its annual iiiilpiil wns valued at 
luiiro timii fifty mllUnn fraurs, of which It cxjmrted to 
till- viiliHi of thirty nilllloii francs. It Imil llai audacity 
lo Mcnil Ito knives to Tlih'rs, wiicnee they retnrni'd besr- 
Ing the Jiwtiy n-noweil Anvergnst stniiip, so ns to cian- 
IK-tn iiiiirr easily wlUi French nrtlrlrs. it to to Is- hapml 
that Uic Proncli will now Im> wise enough to iirotert 
Ihcmselves against anch proceedings. 

Hheflleld, which turns out an article nf gissl iiuallty, 
manuficturre annually, for Its jairt, cutlery tn the value 
of 40 million franca, of which It exiwrts tn the value 
of twenty million franca. The factories of Thiers nod 
Chlltelleranlt, therefore, ought to adopt modern equip¬ 
ment in order tu battle with siicoeM against snob for¬ 
midable rivals. 

Old EnglMi Seals 

An examlmtlon of the old wax aeali on documents 
In the British Public Record Office show that those dat- 
liU( between tbe thirteenth and eighteenth centuries 
have a cvimpnritlon almost exactly like modern sealing 
wax. A ap^meii of the flreat 8e«l of 1030 was fonnd 
III Is* nnninsed nf {rare Is-eswax; while two seals nn 
ducuuienis benrlug dates IfiPU aud 142:< were nf hees 
was that Itnd charni.ivrlslh's nion- n«<nrli like Ihe In 
dton tten EnrapMo artleto. 



_ SCnOTITOAMCTCANSWWffllHffioi^ 

The Reaction of the Planets Upon the Sun-^-I* 

Influence of the Earth and a Study of Sun Spots 

By P. Puiseux,' Member of the Institute, Astronomer at the Paris Observatory 


Thk impuUr pntroncoptioii that the mrth, with the 
HUH mUtiiiK alMiiit it, wrh iImi oouter of the univane. 
wee overonme only tliniUKh tin* purHutent effurte of 
■utninomerH iin<l ph.VHK-iHte. We will not here review 
thene niemurahle diM-uiwioni!, but will note merely the 
reeult. Kveryone eepable of eonnnnted and (teumetfi- 
eal reuNoiiiiiK will bemme eonvineod that the poeilion 
of Ihii i«rtli. fane Ui fane with the Him, in that of a humble 
HitU'llip', anil (lull our fclobe, fomed to oaeurt our day- 
Imie Htar in it« mynteriouN eourw throuffh Hpaoo, roeeivea 
from thin Htar iu law of annual movement and at the 
name time itn indinpenHahle ration of heat and light, 
doing from one extreme to another, the hud waa be¬ 
lieved to lie independent of the relatively minute planela 
whii-h it earriiM alone with itKelf. It aeemed that a 
fir-titioiiH oheerver, planed at Ita eenler or on iU Hiirfane, 
aoiild have no oceaxion to HUHpent the exiatenee of other 
eeleHlial ImkHoh. Kurther proteeted agairuit any |ier- 
eeptible a«lion from the hIbth by their ininienw' dintanoe, 
the HUH niUHt lavixli IIh Hplendnr, with no pay in return, 
anil follow unperturlxvl itH undeviated path Ihrougli 


Thin iHineluHion wa« in aume rmpeeta too radical. 
An aneount of IbU matter eould 1 k> rendered only when 
I lie peiuUraliiig kciiIuh of Newton Hliowed that the nurved 
trajectory of a projectile, the revolution of the nunm 
iilMiiit the earth, and the revolution of the earth anmnd 
the Hun were three manifoetationii of the aame law. Thia 
law lioldH everywhere. Further, it ia not a apeuml privi- 
liVe of the centiT of any ayatcm. The bond cxIhIh, real 
1 liiiuRh Hlight, helw(<en any two partielce whatever The 
Him, an well ae the bumhlmt planet, henauae uf thw bond, 
mUHl undergo pernelie vanationn m ite upoi'd an well ae 
In lie Hha|>e. 

Have we to-day at our diHtHMal miflleient delicate rnuana 
Ilf ulmervalionH to detect tliiVHi uhangoe? In Newton'n 
lime Hiich meann were proliahly lai<king. The caprices 
of imr alnuiaphen' fumuhed a nWy explanation of the 
apjmrent liuetiiatlonH in Hular radiation. The HiNite had 
iHvn obHorvixl on tho mm’H dlaU, sometimeH few, wimi- 
I imee many, hut no law had lieon awigned to them. Fur¬ 
ther, thii traditional fixity of tho eonHlellatiouH led to tho 
lielief that the nun malntaimid a oumplete immobllUy 
with refiTencc to the hUth. 

Itiit the imihicm plainly HlaUnl amueod now alturaptH 
at IlH unraveling. Bradley, a follow eounirymon and a 
diwiiple of Newton, ehowod that much greater preoieion 
1-011111 Ih- ohlaineJ Iu the nieasuriHi uf the angular dietannee 
of the Hlare than had before Iwen gained. Ix-ee than a 
eenliiry lau-r, W. Herwhel eould afllnn that llio eon- 
HlellalionH do alter their form, and tho lieet determinatioa 
of tlii-HC elioiigiiH limy Iw explalmxl hy attributing to 
t he Nolar eynu-in a regular riHitiliiiear motion. The amhi- 
tiim of BHlronimierH. mi-reiuiing with eueeoHH, Inoe to-day 
III hIiiiw that thUi iiiiiMinii-iil Ih not rigoniUHly uiiirorni, 
anil eviiii though HliieldiKl from the oetioii of I he Hlan, 


It M pretty Hafe to predict what will be the niiiKl marked 
Ilf thene inu-illallimx. It ie nut the center of the nun ilHelf 
wliieli iHHwoHwiH the uniform iwlilinear motion, hut tho 
eenu-r of gravity of the Hynteiii fornuid hy the nun and all 
tlie plauelH. The iMcillation would ho iimall if only 
the earth need bi> conindemil. There Ih, however, a 
giant planet, Jupiter, whoae nuuui exeeedH that of all of 
the other plaueU taken togcllH-r and in nearly 1/1,000 
that of the Him. Dtwerihing itn orbit at tho rate of 12 
kiloineterH |Mir Hi-eond, Jupiter foroes the huh to nilato 
ulMiiit an imaginary nuiter with a velooily a thiiUHand 
I linen Ii'hh. ThiH in apparently a very nnall amount, 
hill not at all nigllgiblu with renpeet to tlui velocity of 
Iratuilaiion of the nolar nyati-m, which in 20 kilonuiUim 
IH-r iM-eond. CoiiMHiueally, the npeoil of the nolar nyntem 
tewani a jHiinl ie the ixiiiHtellatiim llereuleH ia aometinuii 
lUH-elerated, nonieliinen nliiwod, by one part in one thou- 
Hund iu an inU-rvul of II yearn. 

Very few of the ntam am near enough to ua for the 
(larallwlie dinplneenii'iil relativo to the more diatant 
MUm and due to thin motion of the mm to be appreciable 
111 II yuan. ('iinwHiuenlly, to meaauie 1/1,000 part 
Ilf Lhin dinplaccmenl in Ix-yond the roeuureea of pTrahw 
antnmiimy We iiuiy lie pretty niim, tllough, that Home 
day we a lil lliiin olilain, nt tin- name lime with a meamire 
lit Hie Iiiiuw lit .lii|Hli-r, a ua! nfactory ihiw nonOrmallon of 
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tho prinoiple of the univanal attnethm of gravitation. 

Meanwhile help oomea In aaother way. What the 
miemmeter for a long time will probnMy be unnUe to 
give, the speotrosBope ia alwayi fombhing. Although 
tho variation of 30 metera per aaoond, whleh we wiah to 
deteot in the motion of the lun, reqnliee yegn to ohaoge 
senaihly the apparent poaitiott at a itar, it takea only a 
moment to alter the quality ef Ita Ught. Whatever the 
dulanrc, the light waves will eoma to ua aometimea 
more frequently, aometimea lem; .their patii throngh a 
priam will oonnequently be found alteced and the fine 
metalUe lines uf the speetruni reoorded by a photograidi 
will be diaplaeed relatively to those of a ntationBiy 
nouree, auoh aa an eleotrio spark used for eompatlaon. 

The earliest happy appUoatioaa of thia prinelple were 
due to Huggins and to VogeL It waa uari to separate 
niimerouadoubk) atan eompoted of pain of nma lo dmn 
to eaoh otbor and so diatant from ua that each pair a|v 
poared aa a singlo star. But the brightneia of eaoh waa 
nufflnient to reeurd a ipeetrum and the relative veloeitlM 
were Ruffloiently variable no that taro apentrum Itnea of 
the name ohrmioal origra separated periodioally. Sul>- 
neq iiently another eloos, yet greater In number, was foniid 
in which tho speetrum linos were not doubled, but showed 
a perltidie osoillatlon. In this ease we may suppose that 
one nf the two stars, while not bright enuuidi to register 
iu Ktieetnun, is yet heavy enough to sway its assoeiate. 
Tho period Is usually neveral vreeka or days. The dla- 
planuinenU tho lines eorrespcmd to veloeitles of the 
aame order as thoee of the planets, from 10 to 100 kilo- 
metem jier second. Benaune of the extraoie aeeuraey 
and care in the uae uf speetrusnupeB, eerUhi astronomers 
call now measure velocities to a frastiun of a kilogneter. 

The time will oomc when pairs like the sun and Jupito- 
can Im deteeted, however distant they may be, provided 
only tliat the prlnolpal star In Mght enough to noord 
its spootrum ('ampbell, who ie the leader In this elaas 
of nwesmb, eatiinates that on the avenge one star in 
three will ho found speolrosaopieally double. It b very 
probable that even more stare are double sinee wn ean 
M>e no reason why a planet like Jujilter should he exoep- 
tioiial We may pnidiet that all stellar spentra will be 
found thus variidiiH even after eorreetlng for the orbital 
movomimt of the earth. We laay then gather photo- 
grapbio evidenee of the oxbtenoe of pUneU about the 
ntam ae well aa the perlodio oaeiUation of our sun due to 
Jupiter. The earth, of course, vrlU produce a Hliwlle*- 
effoel only hwe In amiditade and period. But who would 
dare to put a limit to the akfli of our optleians or the 
patience of our aitranomen in a path so definitely 
marked outf 

THI! PLAggra AH TUB CAUBB OP THB HOLAB CTCLB. 

To find that wo dbtarb the ran b of oouno sonuthing 
til elate US. We feel perhaps a morn tenglbb mtbfio- 
tiun if we ean find that vre cause ohangee In the aapoot 
uf iu niirfans, diaturbannes vbible by dlreel and not 
InUinwl evidem« in tho lletd of the mbroaeope. 

We will now eomridiir a deforming notion dependent 
ulnu im Ni-wlun'n law but of a differential nature and 
i-unsequently pruportUmal to the inverse cube hutead of 
the inverse square of the dklanoe. Thb difleraieo 
tu'l|ia to eumpenaate for the tnfi^lorlty of the mass of the 
earth with rufenmeo to the gicatsr phuaela and gives it a 
ehaaee for on tioiuirable rank in thb eonteat. 

We have under our eye an eneouraging phenomonon. 
The attraetion at the rarfaoe of the eajlh due to the ran 
is hut a nuall fraotion eumparsd to the weight of a body 
here, and the yet feebler attraetion due to the moon onn 
not lighten a body by 100/1,000 part cf Ito weight 
Yet we eeo the moon exerting thb power and indeed 
with throo tiniH mors strength than b Mt from the ran, 
in defonning our globo. Thb aetion ean be deteeted 
upon tho atmoiphere, tho oeeeaa, and even the solid 
oruat of tho eortL The aeaa, however, ere what render 
it moat evident to our oyec. Under favoinUe oomU- 
tioni, for Instonen, in tho Bay of Mont EH. Mbbel, on 
the Frenoh eoaat, we aee the sea folkiwing faithfiilly 
the paBH«e of the moon oeroH the rntrUlaa. The isn'a 
level ehangee at the flood some 20 metan in a fitw homrs, 
dbphebig the sh«ctlue lerenl knaraetora. The work 
thus developed, if we could only pnt it to use eeononi- 
eally, would be imougfa to lender naobm all our oO vreOs 
and all the engfatea In the world. 

We may find that no planet b ae favonhly ritnatod 
to trouhlo the sun as the moon b the earth. But jm- 
ha|M wn shimid not be so exaetbig. Ws see upon tho sUlj 
nil aueh liquid avsu whleh ml^ be made to extoad at 
euntrant their domaina. The weight thaw to be ma* 
quwiid b gnat, 27 times greater Ihaa ban. D^M 

that, we aw abaMB toat the ran BHW NMl M aath^, 


or tvn more aetlvaly, than iha aarth, under the aa tton 
ofadlitoatbody. Weaniadeadledby wvMaleobvtoH* 
ing patha of riaarming to think that the aurfhee byura 
of ^ ran aiu to a great depth fumed of eitr ane l/ 
tonaom mobila matter, Ihtk anhjeui hi the aetion at 
vreight and all ready, eonieqnentiy, to obey the bait 
forae. 

A first pbee of evldeiiae B)ai« thb line b the devdsp- 
ment of epota, rente whleh eeem to ap jira r In the Imhbi- 
mis veU of the lobr rarfaee, reaehing in a few deye aa 
extent of 10, 30, or 30 thousand IdlasMten and iBa- 
appeaiing with equal rapidity. In tha ipuelnna of 
theae apota there b an in ereaae la tha nanber and ia* 
tensity of the abeorption bands, l ea din g ua to tUnlc that 
vBiiona metalUe mdeeuba of eonakUrabb atomb weight' 
are spouted out in torrentt, eanied aknig by omranti 
of lighter hydrogen. 

Mote bnprenlve yet b the appaaranoe of protuber- 
anoea—douda whbh develop and lemain at heighto 
where they could not be matalned by dm denae and 
refrlngent atmosphere. Much leae bright than the dbk, 
they have a ape^ ipootnin and during total eoUpaea 
an the prinoiiial soutee of Ught. We ean now idi^ 
graph them at any time about the edge of the dbk by aa 
ing^ous method devbed In 1869 by Janasen and by 
Lookyw andainoeaingubriy petfeotod. On many oemw- 
ions we have been amrsd by fauwnteataUe evidenee 
that protaberanoea can mount in a tew houri in the form 
of vertioal jeto, namw at the baaa to ptodlglaua heighta 
—£0,000 to lOODOOUhnneten or even more. QeneraUy, 
however, before attaining raoh belidtta tbe protobannees 
expand tolo aheavea or itiadfled layeis. At tbnaa they 
■eon to be the seat of violent explMioaa, an aoattored, 
and diiappear very quickly. The apoetnaoopo shows 
ns that eaMmn vapor, despite Ha atomb wdght 40 tfanea 
heaviar than that of hydrogen, rbee very hlidi in the 
protubennoee. The dbidaoemento of the ipeultum hnea 
also fnnibh eonflrmatlon of the enrainoua vebaitbe 
(100 kilometaB or mom per eeeond) whbh the deforma- 
dona of the eontonra auggeot. 

Total eelipees, during whbh ptotnbvanoee first at- 
traotod attention, an even now the only onwabne when 
we ean see aimther intmating phase of sobr aotivHy— 
die solar oorona. Bometimes it appaan aa a hab aome- 
wbal equally dbtribntod atvund the dbk, at other 
times as gi^nlb strsamsca stietohing out distaaoss 
several timet tbe diameter of the bod. Tbe feems of 
theae rays indleato that the mattw of whbh they an 
oompoaod shows no haate in faOhig bask into tbe inn. 
Thb matter b evidcaitiy rtry apane and haa very Uttb 
absorptive action on li^t, for, despite Ha biegnbr db- 
fributbn, it oauaea no diffetense in the oppcaraime of 
the varbua parts of the dbk. Ita rnobtlity must be vary 
great sinoe fa flw interval of two or three yean between 
eelipsee Ito atenotun eumpletdy ohangea, aa our photo¬ 
graphs aaran us. 

Eipots, ptotuiMraneea, and eorona am Bubjeot to a gnat 
varfatbn whbh takea iriam regnlariy about nine ttaus 
In a oentury After a period when die aim's fUde ^i- 
pean oitixdy hnmaenbte. qwta re-a|ipear fa both 
hnubifaeres at latHudea from 30 d«reea to 30 dagraei, 
then, always inersaslag, they invade the equatorial 
regions, beoomfag at the magfamm 30 tfawa mom norner- 
oua on the avenge than fa a minimum year Thao, 
as the itenUteie ixunmmeee, the nomscbel predomfaamie, 
whbh tbe Northern Hmnbphan at first ase^ to show, 
pasaea to the Bondum Hambpbww. The ^ota fliut 
dbappear fa die Ugh ladtadsi and then diminbh aU 
over the sun. 

The protubmases paea thtoui^ a timUar eysle, an- 

thab maigj latitude tatob to l aBw aea fa aadi bamb- 
pbars. Toward tha epooh of spot nurlrnmn, andconly 
dien, it b not rare to aee grfat protabaraapte even near 
the pofas, wbaa apota new appear.' 

Tha oanna durfag tht tama ptiM mHbrgoaa 
a dettUto evofatbn. 'toward the apodt at sua-apot 
rnfatattna tha polar laya are fiM and twiioat Hka the 
bibtba of a hraah. ^ jets b tha lUddb aaU faawi 

ladtiida. DuriagthetaMMltbnyeHBthaptbBfiaAfW 
Bquator we ahuoat stow fiiid tha toys aM dibala|Pf4 . 
oUy fa be tMfia htitudia, gi«li« tha uMa n 
taugafar aniaaiMea.' 

'rheliwnwamib|H.q^theiaAi^db’.V«iiMir|': 
bd tomfiwdlheaMUfaafawtapafa. l an to tad n diLafiiai^ . 
up fa. a toww.af, iv^. .imOtathawiliLMhArif-' 
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im* M iMrt Ot DMm «r ttMN ««knd 

ll • imhlnata tMk. cTMi It >■ no* an «My ona. 

lint, do'«• find mo or wml bodiaa vUdi ooiUd be 
beUnepoHibleteoeyeloalllreanr TheiUnnem 
to bo beyond eovUention, rinn in thot period tbm ie 
no awneteble ehaaoe in their linear or eacnlar dtetanoM. 

Wo eonU. ae did Mm Hareeiiel. Uame one or eoYoral 
■wanna at matem, bnaflnad (or the pnrpoaa. Da- 
■ctiUnc taty oeeoatrle orUta, (bey nd^t graae the 
antOea of the eon. eanahn the apota. BiihoMy ohooaliw 
Mr (ondntion parloda, InoUnatlaiii, aoentrielttea. and 
tbo diatolbation of the natter fai their orbHo, we oould 
■■plain the phamwnamm in all iu detalla. We inuat 

pot oraty 11 yean to lueh a vidmt teat doea not aeem 
probable. There h no doubt (bat metecn fall Into the 
ann In great mmiben. Bat we hare no dlreot proof 
that tide happene periodieolly end eo ee to prt^uoe 
vUble effeote. Buoh proof wo fed that wo moet demand 
fcr thin my anpida and eonrenient hypothnia. Aa 
tfaaoe owatma have not been deteotod, we muat leave 
thm ud dfaoet oar inveotigndoiu to the planeti. 

The uoat inmortent of theee pUnete bring! a oo- 
huidenoe at lint right very auduetlve. Nearly every 
11 yeen Jnplter, in a detenntnato miee, oroeeee the 
pUne of the eolar equator; alio in every 11 yeen the 
nmnetieri ptedoninanee of tha apou paeeea from the 
northm to the eootham bemiaphere of the oun. The 
nme inloiTri eeporetea the letorn of Jupiter to lu leait 
dietonee from tte aun and the return of the aun^pot 
nomben to tbrir extrema valoo. 

Wo moat not burry, Uioagh, to rign our victory. It 
li not an appmSinate oonoordanee but a preohe one 
vrbioh we abould demand. Tbo periods in yean are 
11.80 for the ravoludon of Jupiter ^ 11.13 for the sun- 
apot eyrie. For tha eeoond period wUeh li leaa welt 
deOned, the inoertitude ie in tto hundredths. For more 
than a oentory we have eanful ruoords of spot numbers 
widrii nappeoi regularly. Now, In tha oonrse of a 
oenttny Uie diflerenM at 8 months betwuon the periods 
brings them ftum eomplete erinridonoe to an absolute 
diaaordaace. What now remains of our hoped-fOT proof 
If riM iMomt epproanh of the pUnet must somotlmM 
oondidon an Inarsoee of spota, somnllmoa their dis- 
appaanneef 

We Biiiy suppose that Jupiter's aetkm, though pre> 
pondenuit, is modlAed by a sumewbat slower disturbing 
■forne wUeh Inormwea t^ Interval between suoeessivo 
maxima But the atatlstios of the numbw and oxtont 
of tim ipote, amriyaed with the view of fluding such a 
fane, assigns to U suoh a long period that wc have no 
rine aa to its origin. A priori the most probable dis- 
tuibing body wouid seem.to be Batura. It must act 
in the ssma aenee as Jnpitor, ritbough to less extent. 
The spot maxiina or minima should be paiticulariy 
pronounoed when the two pbnete are In eonjunetion 
with the sun—that is, every 20 yean. Hen again the 
evUsDee is negative. 

We get an even leei favonMe onewer fhim the rest 
of the pUaeti. Bitiwr thrir revoiutloa periods are too 
short to render on eoeount of on U-yeor fiaotuation or 
their distonoeH too great for their aodon to bo sensible 
onnpared with that of Jnpitor. 

Twa rLAXxn as a nummaiiiu imdmxmt in tun solar 
cnrcLB. 

No planet then, or oomhination of planeu sM<ms to 
bo the prinripri eauae of the solar eyrie. We may, how- 
evor, suppose that this or that planet may fur a brlri 
time trauUs tha oyrie by rendsting the diatribuUon 
of spoto irregular In bmgitude. 

The son rotates with tetoenoe to the fixed stars onoe 
in 26 days. 'Hio planets revolve about it in the atnu 
direetion, but mote slowly. Therefore, to on obsurvor 
oh the snn, the sueeearivo pessigee of a ptanet over his 
nasridies ooour in periods aonMwhat longer then 25 days, 
teadlag to approaeh tide (ridsreol revotution) os the 
pianrt's diataiiee iaenaaea This is eaUed the lynodlnal 
rptntioB. Hist oorraapoodlng to the tnnrit of the 
earAh27S0days. 

phnaldaing now the mtraae tpoUlity of the solar 
antfcoe, wo will lae WhedHT eaeh jdaaet does not pro- 
dneo a tidal wavo wUoh, passes over the sun's snifaoe 
with the eotfeapoiifiiig syiwdieri rotation period and 
ea|iahla of paodo^ visible dbtarboiiaei. 

Aeaoldtat to the alswis i itaiy law of Newton, (he irie- 


wo WU eonatder It lint beoanse we are bettor situated 
for ex o mhihi g Its effects. At eaoh instant we eon oon. 
atdsr the sun as divided into two equal hnmisphorai. 
one vistUe, the other nut. The limiting mondisnx turn 
mdtormly over the surfsoe <»l the sun in 27.36 (Uyv, the 
synodlaal period. 

Iht us lint suppose that the earth luw no physinri 
hill u enoo on the devriupmont of the spots. The rmio 
between tiie total sun-spot areas in the two houiiaphcroa 
may happen to have any value wkatovor; but the mean 
value token over a long period of time embraring many 
synodiool rotations, say for a whole suUuHiput nyrio. 
should differ very Uttlo from unity. 

We son nut at any given moment oount or nieosuni 
the ipota on the Invisible hemispbm*. But wo mm wiunt 
the spots which appear on the ««8tem hordor and cuin- 
poretheoe with those which disappear In the rurriMpond- 
Ing time limit at the western liurdor The ratio of tiui 
two niunbcn would have a iondom-y to suritass unity 
if it is at a Umo of dm-reoso in spots and to Iw less than 
unity if in the inomosing phaso. But taken oier a wlioio 
cycle, the mean value should differ very little from unity. 

Now let us stippuso that tlio mrlh docs hove a physical 
induenoe, for instanoc, to fix our ntlontiun, liiat tho 
preoenoe of the earth aliovo the honxon of simiu point 
on the sun favors tho development of a a|Mit at that 
point. As this devciopmont is rertainly nut Inston- 
taneoua, any more than is its disappiMiranivi, more spots 
will be bom in the risible homisphoro tiuui iu tho opposite 
one. Consequently, moro s|k>Is will disapiioar ovor tiui 
western border than App<>ar at the oostem. Tlin in- 
vene inequality will be oIsutvinI, provided wo olasirvn 
ovor a sulficlently long pnriud. if the prrsenisi of lliu 
earth eouaes the ^sapiwanuico of spots. 

Instead of oomiioring tho iwstcm with tlio wiMlern 
border we could oomperu the two halves of tho visihln 
disk, the right with the left, and the result would lie 
oquoUy dwlsive. Pnctleolly, if the action of the earth 
on the solar surface is teal, tbo oelHin will necossaril.v 
tadie a oortoin time to Is-come manifest. Considerable 
tnossos must bn moved, masses doubtless Rubjcct to 
intoior friolion. It is so relative to tcmwlrial tides 
which at any point of llu> earth siilfer a varishlH retarda¬ 
tion, but always very morkisl with rofivence to the 
passage of the muon over the meridian. If the eortli 
has BO infiuenco, tlw two halves -tho nghl sihI left - 
would. If considcrod over a siiflieiont time, show tho saroo 
numlsw and luunu area of h|ioIs. if the eortli luw a 
real inilutnen there will he found a iM'rsisUnit and sys¬ 
tematic inequality. 

misKAKC'HLa or iiite. maonueh, 1007. 

Mrs. Maunder unikwtook to answer this qiiusliun, 
ulilixing the photographs due to a eu-operation of Kiiglish 
obaerratories fur the interval IH89 to 1001, extending 
from one spot minimum to the next. At the Isigiuniiig 
and the end the sun soemod ahsulutrly free from spots. 
In every instoni'n the rare survivatn whieh could be found 
at the bngiuniiig and the end of the periml upon the visi¬ 
ble hemisphere oould not vitiate the lunulusions derived 
from all the observations. 

Tho tables obtained at Oreenwich comprised— 

(1) The positions anil oress of the gniu|»i for loeh day. 

(2) Tho history, day by day, of «wh lin|s>rtant group; 
tho areas am exiinwnsl in millionths of the visiblo heniis- 
phuro and are oorroeted for tho effict of pcrspi'ctivc; 
tho mean duration of a group is alsmt 0 il».vs; 2.870 
groups wno studied. 

Mrs. Maunder divided the visible lieiiiisphcm at rwli 
instant into 14 vertical nmes, eoi-b 13.2 digns-s wide 
and numbered in tho Inverse order of their appearance. 
For oaeh sons and tho entire period the sum ropnwnting 
the area of tbs spota was mode. Tlieso results were 
eumpored for soiws aymnieirioal to tho eentral nu>ndian. 
Thera wm thus mode manifest a systonuttie variation 
ftum two polnta of view: 

(1) De^ta the perspoetive oom-otien, then- was a 
oonstOBt progroMton on each side iu poMing from tho 
limb to the central sane, os if the porspertive eums-lioii 
hod been Insuffieisat. 

(2) For each pair of aones there was a isunstanl do- 
arsoae In pooring from the eastern to the curresisindiiig 
waatoro sons. The ooine thing was noted when in a 
similar manner the northern and soiuhem hemispluroa 
wan traoted sepontriy. 

Various reoBona make the mosimres on the exlromo 


five inpaitaaw of tiw tidal waves for the wiona planaU 
is fflvap hr what ww may aril the dafamdng faetot, tha 
pritdw^y the maup by lha tnvatoa enhe of tha diatanee. 
if irt ti>a ^Mlaa of tUa (aator nrity tor the earth, 
thf MM vahias ft* tha pbaata are as fbDows: 

"'Mmatf'. .,....1.04 Jopitar.2.20 

. VaiM. ..2,^ aottim. 106 

Jim...'. .tfians.DIB 

... .08 Neptime.001 

■r" Wa BM tlfMi the PMMt wttivh eamie Mr a'tidri wave 
m frilttwaiLaliii^ Vs Vwtia. Marewy and 

aM,a^ tip i««»lriiig pteaeta bring much 

(Saar* ottk. 


sones iMi tiustwordiyi but even if we omit them the 
some eonrinafams raanit. If roriwclkm m tlio solar 
atmosphere ploys a part it would unduly enrieh the 
extreme aones. Aeei^iigly. if a eurrration is inwle 
for it, it but inoreases the first aninnoly. Neither 
anomaly con be due to etron of ohservation or reduction. 

If we do not like this process of iroatment we need 
not depend upon the anas ri the spoto, but nount simply 
th« number of groups visible lu osoh xonc, umitting Uoisc 
of long life wbieb nocesaoiily appear in both holvi-s. 
Hera agrin, for oU pairs of xuuos, Um eastern one shows 
a greater wnaber than its oomsqxmding wnstoni one. 

We Mat aok whetlwr there is, either in tiui risIbUi or 
ta lha ipririUa hrit. la haUturi^oad ijilaBiatie eram 


in tho number of spot births over deaths. A priert, 
it seems os if it must iie so for one or the other iiomis- 
pliere during the plisso of iiicruasiiig s|Hits, liut that an 
e<|ullihri|im must Is, usl«l>lish«d when a niiii|)lete cycle 
is considered. 

To throw light on this jioint Mrs. Maunder associated 
on coeh half of tho disk llin two extreme xonos and com¬ 
pared tlic number of grouiis of spots whioh hod been soon 
in cimh of tile two double zones. The prcduminauce 
was uUiorly in tho eastern poir. Tliero are throughout 
a cyolo morn spots seen near tbo eastern Ixirder, and 
consequently for the whole visiblo hcmisplicro and wholo 
|■yol0 there is nn cxixiss of disappcaranrcH over apixsir- 
ances of spoto. The opposilc must hold im the luvisiblo 
hemisphere, since at tlie bogiuning and end of a eynlo 
tho sun is entirely fns, from spots. 

Niwlis'tiiig llui extreme soiics, wlii-ro the disapiiear- 
nnees may lie more subjix-t to error, there was olitoinod 
for each zone tho numhiT of sjmiIs whii-li were ms-n in it 
for the first lime and llic iiimils'r sei'n in il for the Inst 
time. Tho following nnult was noted; 

As wo go from east to west, crossing tlie visilile heiiiis- 
pherc, there is nn almost isoiMtunt diminution in the 
niunhcr of spot apis^aruiiciw over a wliole spot cyelc and 
as luiarly eonstniit and even gnitUT uuguu'ulation in 
tho nmiilwr of disapismrainx'H. 

When wc ■■inniMin- two sj iiiiiuitrical nylons of tlin disk, 
tlio niimlMT of births found in miu is generally sinallor 
than the luimber of disap|siaranccs in llie inirresisiiidmg 
region on the othi-r siile of tho central mendiui. 

If WI1 wiTK ■Iculiiig only witli numls-rs, tin- depart ures 
noUxl miglit Iki ixiiisiili-nsl ns rosiiltiiig from ii psyebolo- 
gicsl cans,-. II is iirolndili' Hut tlnro is in an olMervcr 
u certain, ]sirha|M nncoiLscions, luriiies.s wliich losqw him 
from ns'i,riling new ii|i|H‘nruiiccs ami prolonging old 
sjsits uiilcHs alisoliitcly inssnsur.i. It is always inure 
agnsulilo to register ii disH|i|sxirHiicc whicli simpliUes 
work rather tliun iiu up|x-aniiicc wliicli augments it 

Tiiiis, when u new small sisit iip|H'urs for lUe first 
time, there in ii leinleiiey to incliiile ii iimung lhos<> 
ainvuly nolisl ml tier tliuii to nyunl it ns nil ndiance 
giionl or germ of a iii'W group If the first imiiressioii is 
wrong, tlieii there nwilts nn uiijuslillisl iliniiniitmn of 
births in the visible hemisplicns 

In a similnr manner, if a siiiidl group approuchi>s u 
moro imporfant group, either by erimiiMijn or deniH- 
tioii, tlioro will Imi a tendency not to isnisider it seiioratid.v 
and to cense isiuiiliiig il ns soon ss tlie seistraliou Mwisni 
It and till) lorgiir group I'ensiiK to Is- ilisliiu-t. We an' 
thus IimI to credit fictitious iliHa|)|Miiiruiici<s to tlie \ isililu 
hemisphere. 

Both these eonsiilnratioiis leiul us to neiinl moro 
ilmapptsmanixiH tlum liirtlis. But thiisn errors iii eoiinl- 
iiig do not explain why the total men of h|xiIs is regularly 
found greater in the eusU-ru half of Llie visilile disk. 
Considering oil of Mrs. Maimiler’s ri'siilts we an' lisl to 
lliink Hull the presence of tho ixitlU nlsiM- the liorixoii 
uf a place on the sun temls to nuike M|Hits tlicTi> disapisior. 

(To be cotKluditl.) 

Selenium CeU MakioK 

WITIIIV II bile istIis] nlnewt nil wieiiliiiii lells lire 
uinile liy using n fist slab of iiisulnlliig iiiiiterlid with 
11 (limlilc wlielliig of rnllicr line pliilliiiiiii wire, iiiioii 
whieli Hie wieiiliiin Is spreiid. Willie inniiy eoiiiiuerclal 
(ells UNI' stenllle us s Imsc, iiiiiiilcnrs will lliiil tills uiiiti^ 
rliil ncri only linrd to ulitiilii, hut ler.v illllleiill lo work, 
owing III llie gn-nt hnnlncss of hIiuHIc. A good siili- 
stlliile Is slale, In tlic onlliiiir) Hiln sliibs, which can 
Iv ciislly Nuwisl In Biiinll oblong iilisi's, niid then these 
lire seniiN'd down with a knife so us In give a somewhat 
elllptlinl Ncotliin In order to lime Hie wire He on widl, 
the nlgi' bulBg ratlier line, but not ciinugli so to cuiise 
hrenltlng. Gnuit >'iirc should be Inkeii to linvo n cleiiii 
fresh Hurfaixi and nut to Impreeunte Hie very porous 
elute with ImpiirlHes by haiiilllng with the Ungers, 
which would s]niI 1 the iiisulnliiig pnqs>rH»s. One of the 
main things In u roll Is lo lisvc the wire uiiiUH-uiutIcnIly 
Rpcccd. (irooves are cut iiloiig In the mlges only (not 
on Hie surface), hut 11 Is out of tho queetlim to wake 
nieosunsl marks by the eye, or lo eiit siii-h grisiveti other 
than by machine Of loursi' n skull'd iierson ixmlil 
enslly ilcelgii ii eiilliT wbis'l iniii'bliie for such piirisise, 
but niiy smnteur eiin iimke a siiHleleiit cutter hy moiinl- 
liig n tint wunl block or cell-holder to travel uloiqt be- 
Iwueii two gulden (rulers). At one und of the mnhi 
Isise Is fiisti'iiixl n smell block rorryliig nn liim'Hed fixed 
lint (II whii'li iiHives n plixe of Hireudod rial; iiu Ibe 
iHilcr end of the risl Is ii birge wissi disk, while Ihp 
Inner end isjslies Hh' ourrlsge iilwig uihiii tiiridiig the 
wrew. The cell to ebimiicd on Hie I,lock cerrhige. Half 
n turn of the screw thus drives the caniage along sny 
line mllllmclvr each Hmo. Tlie islge of His roll projecta 
over the rorriuge. (hitting eonlil lie done by a smsll 
wIhs'I Ht Ills' side, but It Is BiiHIcleot to mount n smull 
lUeil block very nenr the mlgo of tbo shite and luw It as 
a guide for a lint saw hhidi', by which very aceiirnte 
ouUInc can be donsi 
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Armnnuif In now dlrvctad to Fig. 7, wblch iliowi a 
new fonn of stilt toi>. A gyrostat Is pivoted within a 
Nlructure teriulaatlug In two stllT legs. When Ihu feet 
Ilf I lie till) are mniiwrtfN] on a table, with tlsi plane of 
I he rniiiie vertical, the line of the pivots which carry 
the gyrostat Is sloped to the verlhiil, and with the dlreu- 
llonof slope ludleatod It will be seen that when tlie plane 
of tbs fly-wheel colnehles with that of the frame, the 
weight W Is constrained to movo, relatively to /, In a 
rltcnlar path whose highest luliit coliiHiles with tliat 
occupleil by W In IIk figure. Thus In tlic |Mnlthin 



Fig. T.-atll(-tep. 


shown the gyrostat, In cvaisu<iiKu<v of I he iireseuce of 
the weight. Is uusishly iiioiinlcd on tlH> frsine. Further, 
the frame Is unstable about tlM Ihie of oaitsd of the 
feet with the table. Thus the gyrostat pows crac s two 
Instabilities without rotation of Ita fly-wheel. If the 
wheel le rotated rapidly In either direction, end the 
lop plsrad on a table sa deacrlbed, and left to Itself, 
It will Inltnco on the table. It will bo readily accit, 
Imwever, that the stability Is not true stability; the 
balsnclng octlou Is accompanied hy gyroatatlc osellla- 
Ikms of Increaaing amplitude. 

.Vuw let tlM top be siiun In the direction Indicated In 
the diagram, and set up In the fork and pedestal mount¬ 
ing (after the manner of Fig. ‘J) with the frame and 
dy-wlieui In I lie sauie vertical plane. As before, the 
Hiiwrlinanter oiwrates the fork. WKIi the direction of 
s|ilii iiiillcated, tilting of tlm frame to one side of tbo 
fork causi-s the weight IF to bo carried over to the 
utbur Bide. Now, let a side weight W he atUebed to 
the frame f. The gyrostat precesaes on tbe frame bear 
Inga, and IF la carried over to the side of tbe frame 
reuKito from tbe attached weight W*. Let tbe fork be 
turned by hand In tbe direction In wblch tbe gyroetat 
preceHFs, so that It followa up the latter. Providing 
that tlie turning of tlie fork Is eo regulated that the 
frame doei not overaboot tbe gyroatit, the latter will 
continue to turn on Its benrlnga. It Is to be observed 
that at any Inatant tlie acting tilling cnnple Is tbe 
dllfereiire of the munionta about the Pirk axis of the 
shle weight IF* and IF rcspocllvely. Tlio effect of liim- 
lug the fork la to diminish the iiKiiiumt iliic to IF, anil 
llw precesslunal iiiothm la uialiitnliioil. 'I'lils iictinn Inis 



Fig. a,—GyresUtlc motor-car with dcclre-awf- 
aetlc atoerlBf device. 


been utilised by tbe author on btcyclea and motor cant. 

Fig. R Is a diagrammatic representation of a luge 
gyrostatic motor car constructed on tbe above prln- 
ciplis. Tbe car la entirely itable when moving In the 
forward dlroothm. It will be seen that the gyrostat 
Btablllsiw tlie (Vir, and at the same time preeldee at the 
Hteerliig wheel. 

The fimetkm of the weight IF, la to ap|ily tlie neem- 
sary I III lug imiiiiles. H', la ait arm which Is rotated 

• r™iimil 7 n«*'of theTartitate oTRaglBM aadTuph^ 
CIS of ■collaBd. 


about a vertical axle by meana of a mnall geared dee- 
trie motor. This motor eat la capable of being opmated 
by wtrelesa tranmnlsston of eiactrical actloo. 

It alMuld he noticed In the case of this motor ear, aa 
well as tbe one prevhmaty described, that tba gynatat 
cannot iswltlvely kme control. The trama la continually 
following up tbe gyroetat, and brnm tba dJaplacamant 
of tbe axis of tba fly-wbaat from the postthut In whleh 
It lies athwart the car sever ezeeeda M degriii. 

Fig. 9 abowe dlagrammattcaliy a gyreetotlc device 
adapted for steering a body stable of ltaal£ inch u a 
tricycle, four-wheeled motor ear, or terpado. The gyro¬ 
stat Is nionnted on besiings t, 5, carried by a frame fi 
it la made aalmothally unstable by eloping tbe Una of 
these bearings to the verttvsl and attaching a weight 
IF to tbe frame of tbe gyrostat The frame la carried 
on bartaontsl boartngs b, b, arranged ou ptilan p, p, 
attached to tbe moving body. Tbe frame t >* rendered 
laterally unstalde on tbcae latter benrlnga by attaching 
to It IIm welglitN IF IF as shown. The gyrostat clearly 
isuus-ssos two Instabllittea without rotation of Its fly- 
wlieel. When tbe gynsUt la suitably connected up to 
tlie steering roecbanlsm these two Instabilities give rise 
to euiuplete stability of tbe gyeoatat when the body It 
In motion. Tbe frame f may convenlaotly carry appa¬ 
ratus for applying tilting couples to tbe gyroetat 

lu tbe couatnictkin of wbceted vefalclee It baa been 
found sullleleiit to connect np the gyrostat directly to 
the steering wheel or wheels. In tlie i^se where a 
steering mochanlmn, aueh an a rwliler or plane, haa to 
bn oiNirated forrilily it may Iw advisable to inoltiply 
up tlie miiplc transmitted by the gyroetat A method 
wblch has been found highly aatlsfnetory Is shown In 
Fig. to. One end of a cord Is nttiolKsl to a point on 
the frame of the gyroatat Tbe cord Is then paaaed 
ouce or more times round a vertical drum or pulley d„ 
then round s dram It carried by the rudder post then 
round a drum or pulley aiul flDall,v fastened to tbe 
gyrostat frame as shown. The two pulleys t, d. which 
are of equal diameter, are geared op to a iniall eletdrle 
iiHitor; I hey revolve in opposite directions with the same 
speed. If the gyrostat precesses one of the corde 
attached to It liecomea tant. A small stntcbing force 
In tlie rord on the gyrostat side of d, gives rise to a 
large stretching force In the cord on tlw dram side of 
d, If the etratching force on the gyrostat side of d. It 
sero, that on the dram side Is also sero. It will thna 
be seen that a small coiqile ipplled by the gyroetat 
results In tbe appllcatloit of a very large couple to the 
dram, and hence to the rodder. 

Tbe rudder le alnwn connected op. so that whan tbe 
gyroetat prec c ea o e the body le staored op parallel to It 
—that la; ao aa to maintain the axis of the fly-wheel 
transverse to the body. A little condderatloa will ihew 
that a Alp or torpedo steered by this mtAanlam will 
piiraoe a perfectly atralght path. 

In the form of torpedo at present In ew tba BmilBt 
Is freely moonted on gimbel rings. In the nbaenee of a 
disturbing couple tbe axle of the gyroatat win retain 
IlN dlnsqion In space nneltered. Hence wbrni the toi^ 
issbi ilevlates In Its path a Alft ocenn bAween the 
direction of the axis of the gyroetat and that of tba 
projectile. The epparatne (as oaed at prreent) most 
lN> made with great precirioo; notably ths centar of 
gravity of the gyroatat most cohicUa egtaetly with the 
point of Intersection of the flmNil axes. If tMa con¬ 
dition Is not fuinUed the torpedo travels a curved path. 

The existing type gives very good nenlte ow Aort 
distences; hot a gyrostat fredy memitod would be 
useless In s longdlgtance pro)aMle, avui If a motor 
o-rostat were suhstltnted for the one now ip l affud. 
This point Is not M s rale, nnderAwd. In ■ dlrlglblt 
torpedo, properly so esiled, the gyroetetle meehuulem 
sbonld be such that the gyioeUt la andowod with 
nunidflte atabmtr. This cendHtoo tattlted, tba gyroatat 
can he caused to brlim about toning aievnwota of tbe 
torpedo by the eppHeatton to It e( tilting c t uplA 

The ro nah ' u cHon of a very bltfmiead, Vmg - dtot e n ee 
torpedo, to ran e ompl e taly aflbgwnnd, prapa l led by 
power stored witbln tbe profoetBe, 10 OOeiult If not 
ImpotolMe at tbe premot time. But a toagdMaaea 
tonwda drlvrn by Un 't ri e power derived Aram aeeu- 
mulatora, sod having epeed or from IK to Bk kH(B 
ennid eertalnly he svnirrd. Sorit a wMpeo, with ■ 
range of aetloa ol^ say, tIO mBm, apd podMmtag flit 
property that H oortd boait totouwl ou u pgiififllBil 


path, woold be a valuable addlttoo to BrltlA naval 
appllancee. Tbe totpedo, for example, oouM ha aimgid 
to proceed In a etratgbt paA from oua poaltian A to 
the neighborhood of n moond position B, and left ertUs- 
Ing In that nrlghboibood. 

The progresi which boa been made hi tbe devriopniast 
of tbe IntenuH-coinhaatlon engliie rindert poariUa the 
conatracUon of a torpedo capable of running at blri> 
epesdi for very lengtheiied pariods wltboot atlAtioa 
or renowsi of fuel. BuA a torpAo would, bovravar, 
not be entirely eubmarged, buoniiKh ai an air InM nnd 
an outlet for the prodacts of combostfam moat ha pro¬ 
vided. To steer such a torpedo from a fixed or moving 
station. It woDid bo necessary to oomiect tbe torpedo to 



tbo slatloii by meoua of a pair of line wtrei^ which 
could bn |«l<l In or out as desired. This torpedo, brangfat 
to iwrfectlmi, would be a fonnldable weapon wlA whIA 
to light subniarlnea. Tba directing of toipedoai by the 
wlroleea transmUslon of eloctrical action is not practical 
at tbe pteaent tlmei To be effective tbe sendl^ appa- 
ratua at the receiving etatloa would nqulra to be 
tuned to tbe receiving aivaratns on tbe torpedo bayond 
tbe poMlbinty of Intsrforence from without 

The prlndplea which have been exptolnad aeam par 
llcularly well adapted to give results when appllA to 
problsnu of svIatloD. It will be seen that a gyrostat 
moimtod on an aeroplane so as to have two InriabUtlea 
without rotation of Ita fly-wheal, and vrlA Its axis 
screes tbe aeroplane, con be endowed wlA completo 
stability by causing It to ataer the aatopUno. A gyro¬ 
stat so mounted Is nvaliable for operating tbe balancing 
planes (the plonca which control Utoral stability) of 
the aeroplana Again, the axis of the gyroatat can ba 
placed fore and aft, and the gyroatat la thw avallabla 
to operate the tilting planes (the planes wblA control 
longitudinal stabDlty) of the aeroplanea. In order that 
a gyrostat may be need to operate both the tUtlng and 
baUncIng planes of an aeroplane, It miat be motmtod 
on the aen^iUm wlA its axis rarttoaL lyt obtain 
stability of the gyroatat tt should ba prarided wIA two 
•tabUltlea with rotation of Its fly-wboal, nnd raiimd to 
wrate the UlUng plina of tba aeroplana. It cooM 
Aus to completely riablllaed, and woqM Aeo ba arall- 
able for uperatlng boA aeti of iilaiHH. 

Objectlona have been taken to the noa of gynotota on 
aeropiniies, and U Is certainly true that there la m 
point in ntlllBlDg gyroigatlc arikm In ouaa wbmu thd 
dealred resolta can be obtained aqnally weH wltboot As 
appllcathm of such actloo. But the author la eoartnotd 
that It la pnmlble to> cobtrlre gyroatatlc oeatrok for 
aeroplanea wblA would be perfect In acdon, and Aa 
utility of ahA aeroplanei Is readily aasn at tbe pramat 
time. Aeroplanes and aJriUps, capable of bsliig riamud 
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1 11 » huw iital loftad wOtinMad, b/ mum of niHit of tlu ubjcut A lUatiiinuhilHiJ ornnUlL- In- <-luirKP a toni«Ii» It Iuh to get fnlrlj olaoe, ud In dofng 
otMtrluU actloaMBMlttod trou m flsed or Boring Tentor from ■biwid mnnlly Inforuinl tlie eutbor tbnt lu It inlRlit be dlubled by gun Are: but If tbo range of 

Mtlon would oartalaly be of mliie to tbla country *t be regarded Uleariw rnlveralty ae llic borne uf the tlie tonwlo ronlU be greatly IpitmimI tbe attacking 

*••• P*«a«t tiM. Bocb eentrlranoaa prorlde a metbod gyrpaut It ta to Iw hoped that tilaagow l^ulventlty party euulil he at a groat advantage. It waa dltBcuIl 

of Igbtlaf BanNlIlM and of bombarding an anemy’a may be allowed to take pert In futnre derelnpuentii. to bitereat official peoiile In now Invention^ and perbapa 
llnea and toitlllcatloiiB. Dlacantng tbla paper, 1‘nif. Andrew IJray, LL.D.. miiablerlng tbe euomiona nnniber of fantaatlc Ideaa 

In oondMUB. It Bight be pointed out that the ablp, F.H.a. aold be euppoeed he woe to nome extent reapoie publlHlied, and even patented, that la not to be won- 

torpede, aeroplane, and alreblp oontrole wbich bare been alble for the apparatua and experiments which had lieen derod iiL An official was continually guarding hie chief 

deetfibed could only be biw ght to perfection cn a large shown. Hach of the Items which they bad eoen might from tbe aHacks of people outUdo-actlng, In fact, as a 

■oale as a rewilt of experiment and trlnL Such experl- form the inbject of a separate lertnre. It wae very hind of tnrpolo net for blni. In tbe conroa of the 

menta are not pomible to a private indlridual. Tbe dlfflmlt to give a full account of lo many things, lecture they bad been told more than once that tboB 

prlndplaa to be employed bare been evolved ae the There were a few pointa about which he might perhaia gyroscopes had two Inatabilltles without rotation. Tbeaa 

rmnlt irf much roaearch wtrt. It to bm aaU that say a word or two. One waa tbe eteerlng of alrahipa, two InaUbUltlni were converted Into two sUbnitles by 

tbe motorgyroMts lenulml would be difficult to pro- aeroplanes, and so on. He waa not snre that It wna rotation. Bnt It was not inmlblo to stablllie an odd 

dues. Thia U not the case. OarefnI caleolatloiit have made perfectly clear that IImmi could be atoered without number of Inatabilltles. For Instance. If there weiw 

beam made relating to tlw else and power of tbs moton, an aviator or ateeramau on the machine. Tliev could three freedoma (bey could not atablllae all three; they 

and tbeae would certainly he forthcoming. be ateered from any plaee rf ohaerratlon. and without might atnlilllxc two of them. This waa a rather Import- 

Tliere can be no donld that the preeent-day applies- any trailing wires at all, w> that It waa passlhle to send nnt iiiallieiiintlcal theorem. There wna still a great deal 

thwa of gyroetatlca to warfnra are mare ahadosn of a torpedo to Its deatlnalkm by any dmlred path, how- to he done from tlie theiirctlral point of view; but by 

what la to come In the iimr fntnre, and this being tbe ever elreultoim. without any risk of lose of life hi ilic Hr. flmy's apiHiniiua one did ohliilii Home verlflmtlon 

caas, It la a matter of supreme Importnnea tbnt Oraat attaching porty. Also, the ninge of torpedties could lie hy cxiierliiient of the truths of tlie dynamical romltn 

Britain sbnnhl lead the way In the acIsnUllc advance- Immensely Increased. At present. If a ship has to dls- wlilcli linil been worked out. 


Gasoline from “Synthetic” Crude Oil' 


Some Remarkable Experiments 


Is the course of some exiieriments more than five 
yearn ago, made for a totally different purpooe than 
the Investlgatloa of the oil used, I idaced a small quan¬ 
tity of a tnnaiarent yetlow lobricatiiig oU In a bomb- 
llke vessel eud boated It to a relatively high tempera¬ 
ture. At the end uf the experiment I removed the oU 
from tbe vMsel and was amaicd to And that Instead 
of bearing any resemblanoa to the oU which 1 put In, 
It now had tbe appearance ot ordinary crude oil. The 
green color by redacted light and the rich led-biown 
hy transmitted light were so unmistakable se to at once 
lead to further Inveotlgatlou. 1 subjected the matwlal 
to fracthmal dlstlUatloa, and tbe aoriMlae which 1 ex¬ 
perienced at tbe sypearetmi of the oil, chaoged to 
amaaement when I found tliat It yielded, on dlstUU- 
Ihm, 15 tier cent of gasoline and 30 par cent of burning 
<ill, aisl that lls cuustltutloo resembled crude oil- quite 
ns miH-h as dliT Its ufipeutaDce. FurtheTuiore, the gaso¬ 
line nml kerosene dlattllataa which It yielded were of 
of a dear wata^whlte wrier, entirely without tientoMnt 
with Hcid or alkali, and were entirely free from the 
odor familiar in “cracked” petroleiim dlattUateo. 

Hie roHult of this experiment was quite too remark¬ 
able to bo credited without further oondimathsi, and 
I nt once Ailed tbe vraed with some at the aome oU 
tbnt I had uied before, nnd again heated to about tbe 
same temperature that I had pNvfaNialy used, and for 
the same period of time Upon opening the vemel and 
rmuovliig the contenta I foond, not the material re- 
araihllng crude oil that I had obtained before, but ap¬ 
parently only the aame oU that I had put In, somewhat 
darkoiied In color, bnt neverthelaaB fkr dtffermt In 
■piwaraDcn from tbo material obtained In the prorioua 
experiment 

Krideotly some condition ezletod In the Ant experi¬ 
ment that bad not cxlotod in tha aacwid teat and here 
begHn a eetlas of tests In which I aou^ by the change 
uf one variable after another to arrive at the Identical 
coodUtuus which must hara axlatod In the Ant experl- 
fflcut Only the fret that the bottle of heavy oil oaed 
la the Brat toot was sHlI In Ito placo, and the further 
fret that I bad no crude oU tmoiig ttw aiftarlnu at 
hand when I began the exparimant—only JHoae facts 
hept me from bsllariiig that I had Indaad mode some 
~*»*T*t. and thnt crude nil had In some Btnner found 
noaMB to my appaxatna. 

After Boay frOltUto experlmeffia I leaned a fret 
whldi ahould have been obrious to me from the Ant, 
but whidi In the euiwiea doe to tbe anlotod-fw re- 
enlt obtained, had qnlto pamad ont <ff aay mind. In 
my Bnt last, tha vamd wUch 1 uiad had cnntolnad but 
A little oU (about one fborth of tho volnmo of tha vaa- 
eel.oBly), and In all of the other experlmeati I had 
flUod (ha venal thraa fruitha fra or more In the effort 
to obtain ns nuCh of a yWd aa poaribla. 

1 rapaalsd tha Bnt npertaMBt, Bring the veesel but 
one fratta frll, and haating to ahoot the same tompera- 
tuee^ and frr the saao Um aa I had done In the other 
a tp e rimai m. Tha inall riraa mma mora the grernlrii 
tlgidd m frariHar to onyoM who boa Hvod In the oU 
BaUn, and ifr fraethwatlon avda gava IB par eent o( 
moUao,« p« ent o( (ht mnrifri on. eta. 


ABHaridriy nno w nn rt ah l e rimA g a mnt oame abort 



With Oils and Method of Obtaining; 

Hy Walter O. SnelUng 

III tlie hydrocarbon molecules, wbeu a hydrncarbnu IhnI.v 
In bested In a still only approximately imo fimrih full 
uf nil, that doce not occur when the saiun hyilraciirliuii 
Is heated under similar coiidlUons, eiceiA that a gn-ater 
proportion of the volume of the still or retort la illled 
with oil. With grave doubts and fcan, 1 placed In 
my retort aome keraeene. If this water-white material, 
after treatment, should come oat green In color by 
reBected light, end red by transmitted light, then liidcwl 
1 would be convinced that I was dealing with a true 
tranriormatiun Into crude oil. The experiment ended, 

I ponreU out from tbe vessel a llqnid which resembled 
Pennsylvania erode oil so perfectly that when I placed 
a Isittle of the new pnximt by the side of a buttle of 
the real crude, it was liardly possible to say which 
was which, hy atipcarance alone. I next melted soinc 
imraffln and placed It In tlie vessri, and after hwiting 
under tbe prescribed conditions, I punred out n ihiu 
Auld. suggesting crude oil In every wiy, ond wbich nu 
distillation gave somewhat over 15 per rent of a water- 
wblte gasoline, free from "cracked" odor, and other 
distillates In about the aame relatinnsbip as In ordinary 
crude olL 

One after another I tried putting nil natural bydro- 
csrboaa available to me through this process. Vaaellnc, 
nsl wax, gas oil, fuel oil, and U. B., all those went Into 
my Ireatlug vessel, one after the other. They all yieldcil 
msterlnlN similar In appearance, odor, end compoalllon. 
Knsii any of these materieis 1 olitained a synthstlc 
rrnde oil eoataloing aronnd 15 per cent of gasoline, anil 
other distillates in about tbe same order ns are fisiud 
In typical crude oUs, 

After many experiments bad shown me the exact con- 
dltlona of temperature, isessure nnd Ailing volnmr nt 
my traathig veawl which were nceessary to Hiiecess, I 
fondly Imagined that my troubles were over. I did 
not fur a moment think that hunmn nstiw would In¬ 
volve greater dUBcuItlos than bad even the cimtrol of 
nataral ooadlUoaa. Full of enthusiasm, I described the 
reaults ot my experiments to an oU man, without of 
oonroe doacrlUng the exact proceas on which I bud 
not yet applied for patent He Ustmed to me carcfnlly 
and kindly, hot hbi look of utter nnliellef and Ineroliil- 
Ity was a trifle galling, to one whose life work lunl 
baen devoted to orientlAe InvestIgatlmia. Had I Iwen a 
promoter, selling stock in a gtrid mine located at Ilack- 
MMtck, or In a dlamcod mine on tbe (Mtsklrta of Hnarit- 
lyn, I ecuM hardly have met with less encmirageincnt, 
or mora entire dlriiellef. 

Today, when procemoa for incrraalng the yield of 
gaaoUne are bel^ worked on by many Invesllgators 
aud whan aqch Unsa of work are being encouraged and 
larlshly aupportad by a number of oil companies, and 
ate belBg piud for lu many casce with sums frr greater 
than any probable returns. It may be hani for you to 
realiM tbat only five yetre ago the shortwt cut to luii- 
plehm and doubt from your friends In the ell business, 
was even to suggest gently In ordinary eonvematlon 
tbat perhaps by some methwl It might he possible to 
materloUr IncTCoae the ordinary yield ot hlri> grade 
gaaoUne from crude oil. I tried It a few times, picking 
out the meat kindly and genial of my friends In tbe 
oil rritolng Une. They wonld look, Bret iritylngly, and 
than oaaplelMaly, and would my "but attar you bave 
fottM Art tbe lawttm tbat it pnawt to enria cO, 
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how (In >1111 ibink that yon are going to get any more? 
iKiii’l yiin iniUcrstaiid tlial when you bave gotten It 
III! out ub> you have gotten It all? What Is left then 
Ih kenjNcne. giiH nil, or what not But It U not gasoline." 

Unly onre did I venture mildly to protesL I suggested 
that iSMslIily, since hydrocarbons were all compounds 
of byUntgeu niiil carbon, It might lie possible to rear¬ 
range the attsna in the mulccnle so as to obtain more 
KUNolhie. This view met with somi- recognition, and I 
was tobi that what I was talking alssit was called 
“cracking," and thnt It waa thoroughly undetstiaal hy 
oil men, and that furthermore, “there was uuthlug 
In ll" us fur as making anything salahln as gHsollns, 
as I he prisliict wonld Invariably bo of Isid eoliw, and 
of sn cxtn>mely offensive odor. 

Slowly I came to reallie that the oil tiHlnsUg. was 
ni>l yet ready fur any new views ns wholly different 
frisu their preconceived Ideaa as these experl- 
lueiils made necessary. 8o I wonld go buck, for com¬ 
fort, lo the water-white gasulhm of 70 ilcg. II., whh-h 
I had made fnan paraffin and from kerosene, from gas 
oil and tram R 8., from fnel oil and from rod wax, 
and iwtlenUy wait for the day when my friondi In 
tlw oil hualnesH would realixe that there wore a tew In- 
HlgiilAeant things about oil wbli-fa they did not yet 
know. For their attitude I eould hardly blame them, 
after all, when 1 remembered my own doubt wbni I 
liad seen the rcenJbi of my Brat ezpcrtmenta. They had 
not Keen them, and therefore If they doubted, I could 
ul least understand their position, ami 1 am hardly 
prcfNircd to say tbat I should have Iwcn less doubting 
than they were, bad the poeltloa been reversed. 

Tills paper makM public for the Amt time the re- 
HiiltH Ilf my experimeuta, and In presenting ll I wbih 
to express my Indetitedness to Mr. John T. Hllllken 
Ilf 81. Tstula, Mo., prealdent of tbe Mllllken IteAiilng 
Couiiiany, He was the Brat oil man whom I met, who 
WHS willing to believe that research could really add 
materially to the oil man’s knowledge. Me bos gen- 
ennuily supported the experiments which I am now 
reimrtlng, and has supplied the Ananclal help which 
iiliHic has made this paper possible to-ilny. 

II bos long been known that nnder tlie liiAiionce of 
high tiauiH-rntiire hydriKartHiii Imdles issild lie thermo- 
llxed or ‘Vrnekeil.” nnd tliat hy this iiihIIiinI low Itollliig 
Ualles could he proilueeil from hydns-arlsiiis of higlier 
gravity. Indeed, tbe commercial use of cracking dlsl Il¬ 
lation III patrolonm roBnlng goes back from more than 
half u century, the Ant observation of such cracking 
distillation being said to have lieen made ncchlentally. 
Ill a rsBiiery at Newark, N. J., during tlie winter of 
IHtn-a. 

Fur thirty years after the dlm-overy of methods Hull- 
able to rraeklng distlllallon, this method was In eisn- 
mon use In many of tbe prineliwl oil rcAnerles. of the 
world. It was found that hy running the stills at s 
high temperature very runsiderahly Increased yields of 
kerosene eould Iw nbtainmi. slid tlie method wss found 
to Iw a proAtahle one fnnn the start, partlenlarly since 
III the early days of the oil reAnlng Industry, burning 
oil nr kerosene wss the principal product sought for. 
The process was also Investigated by many able men. 
and tbe oondltlon under whleb long paraffin chains he- 
eame broken Into two or more ahottor chains, under 
tto tofluwiBB Of klik tamperatarea were very carefully 
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>nlliiKly It WHii ouly natural that, with tlip niuir- 
liii-nuiHn III dcniaiiU fiir guaulliic diiiinK thn paat 
(irtd'ii yi-ara, many InvfatlKatnrH ahmild attempt 
illiir iTiickliiK itirtliwla tn ohtalii liior«iH«l ylelda 


many olbar Hlmllar waya 
li lai II liihoratury acalc, 
hiHtnIIntloiiM, to iirepoK 
nianliiu-. ur tlie doieuB, 


WliHii thu lliiiltalliam or pluiple rnickluR of hydro- 
f'lirlHiii olla at ordinary invamin'M worn llrat undenitood, 
I'lToriH wpre iniidu to lirliip iiUiiit dcHtruetlva dlatllla- 
rloii under Ineri'iiHed iirewiure. ItoHUlta ahowing great 
Iniiinivrmi'iit over tliiMe olitulni>d liy the almple craekliig 
inidhialH wew given liy tln>Ko proeenaea. which aecm 
III have lieeii llrnt iiiiide luu- of hy J. Vuiing, and lator 
develoiaal hy liewur and Iletlwond, and atlicra. Quite 
nai-ntly liuproveil pna-eivieH of eraeklng dlatlllatlon un¬ 
der Inereaaeil pnwiiirea have laHin iimHl commercially 
hy IlnrUin, uiid are aald to have been ao dcveloiied aa 
to yield pnalneta readily aalable oa anhatitutca for gaao- 
line. 

Kfforta have not been wonting to Improve the color 
of anil lalor of Ihe light crooked dlatlllatca prodiicod by 
ordinary eraeklng diatlllutiun. Trcntmeiit with aul- 
phiirle aeld mid alkull, In tlM< iiianiier eoniuonly inaal 
In the relliiliig of keroaene. have llio elTeet of improving 
both color and lalor to a reiuorkohlc extent, and by the 
iiae of Huineleiit uold iMlorlcaa prodneta without bad 
odor c«u la* ulitniiiuil, but only hy the nae of aneh large 
auiouiita of aeld aa to make the proreaa eommerelally 
prolilhltlve. nnleaa gaaolinc la aulling at ipilte a high 
figure, liy eraeklng under luereaenl prcaaure lliu 
amuiint of aeld nainlml for thla piirHUutlnii la very 
greatly rediiceil, and It la prolaihly due to thla foot 
tliiit the motor gaaollne now Iwliig ao evteiialvoly 
deielo|Hal hy lliirliai owea Ita gn'ateat eominerelal poa- 
alhllltlea. 

It will lima lie aceii that I eannot claim to tic In any 
way II pluiHa>r lii the jiroduetlun of llghti-r hydro- 
earlaina from inaterlnla of henvicr gravity. Ilydrocor- 
laaiH have laa*n eraekial and hniken up Into lighter 
hydnaurlaaia of lower liolling (adiit, ladh experiment- 
ally and l■o^lme^ehllly for o )N*rlod of over fifty ycara, 
and aneh emeklng expcrlinenta have liceii conducted 
ladh at iioriunl preaMiin*a, and under liiereiiavd prea- 
anrcH. 

Other Inveatlgatora have nlao plaeed hydroenrlain oIN 
within eloaed vi-aacla and have heateil Iheae olla under 
aneh l■ollllltlolla to elevated temperatiirea. In aneh work 
Kiigler. In parflenlar, liaa made nuinhie emilrlhiitluna 
to nor knowledgi* of Ihi* la'liavlur of hydnamrlaiDK un¬ 
der high li>inia>ruliire ami prpHaiire. In tbeae nxporl- 
ineiita It liaa Ih>i*ii notcil Hut the hydruL'arlwua have 
laa*!! broken down to lighter liyilrocarlaina, and that 
In IliN way low-liolling olla eiadil lie mailv from hydro- 
iiirlamH of high boiling lailnt Apiiarenlly, however, 
the remarkiilde Inniienec whleh la played by the ratio 
of the lliinhl i-nnlenta of the veam*! to Ihe total volume 
of the veaael. hiia lH*i>n ellber wholly overhaiked. or at 
Ii>nat not pruiwrly uiipreelaleil. it liaa linen wholly 
through the inveatlgatloii of the elTcuta of the ratio of 
the voliinie of oil, lo the total volume of the veand, that 
I luive ileveloia*d the pnx>eaa whleh I am here deacrlh- 
Ing. and whleh haa given the remarkable and nnexpeeteil 
reaiilta already meiitloueil. I Iwlleve It U ludy when 
Iheae anitnhie voliimo relatloiiahlpa are ohaerved, that 
we eun get theae reaulta within a range of temperatUK 
iiihI preaann* adapted to cianmerelal derelopnienL 

Very i7irf>fnl atmllcH made In my laboratory have now 
proven IhnI. when a hj'droearlioa laaly. aiH'b Oa gaa oil 
for example, la lu'Rted In a venael whleh la tilled to 
more than one tenth of Ita volume with aneh oil, but 
Hiieh tilling la leaa than one half of the total voltnne of 
aneh veaael. and If then Ihe veaael la ao heated that a 
pnwanre of aay HOO pounda per aquaro Inch exiati with¬ 
in the veaael, a very remarkable aad foBdamental 
ehufi ocoui la tto lijdtaeulKii amni ntt fMNL 


II la aa thougli Uie carbon and hydragen atoma wm 
free to rearrange tbenwetvea, and that raeh leamnffa- 
meiit guea on until a more or leM deilniU mlxtnre of 
hydroeartama naualna In the veoel. Where the tmmI 
la liuM lhan one tenth tilled with oil, comrideraMa 
“eraeklng'’ aoeiua to Ukc place and the larodnct la quite 
Inferior. Wliere tho veaael lu much mure than one haU 
filled with oil. tiM* roactiun aeoua to fall almoat whuUy, 
the Hiiuiiiiit of light productN protiuend bdug very amalL 
Hat when Ihe nuidltloiw within the veaael, aa to amount 
of lUlIng, and temtjeratare aiiplled, are aa Indicated 
alaive, tho earbou and hydrogen atoou of the hydto- 
earlvjii ueem to rearrange tbemaeivea to form oruda irfl 
and natural gaa. 

In thla rearraiigeueut, nut only arc low boding cum- 
ponndH pnalneed from tboae of higher bulling point, 
hut even the rerente action taka place. In aeveral 
teeta I have obtained from potrolenm products of me¬ 
dium bulling point Hynlbetle crude olla which contained 
hIgh-hoUing enda, whoiie boiling |«tnt wan eonaiderahly 
higher than any of the eoualltncnta pnaeut in the orig- 
liml oil lilted. Apparently the entire proceee dependa 
ii|>iii eertata equilibrium reactlona. In which cuoatlta- 
eiita of different Itoltliig taiint tend to be preaent In a 
(vrtntii very ilelhilte ratio, provided the apace reUUon- 
Hhlp within the treating veaael U of the proper order. 
Molld paralHii of eoune eontainu no conatltuents that 
are Ihiuld or gaaeoua at ordinary temperatureH, but 
u[aiii treatment by thin pronow even thla eulld paraffin 
In rewilved Into Mynthotic crude oil and natural gaa, and 
the iiercriitagc of prodneta of each definite boiling point 
apiH’arM to he In a definite <‘niHllMfin of pqnlllbrlam. If 
liiHtcad of Htarttng with parafllii, we go to tlie other 
extreme, ami etart with kenoieiie, whleh la entirely free 
from heavy omla. we will obtain a ayuthetle ermle oil 
whleh In much lighter In gravity than that prodneed 
from paraffin, but which iievertheleoe contalna high 
boiling oonatitnenta whtiee boiling point exueedi by 
many degreca the holllug point of the heavleot product 
preeeiit In tho untreated keroaene. Thae, It will be 
aeeu that while thla proeeoa la primarily one in which 
heavy hydroearfoons gire cnido oUi eootalnlng light dls* 
llllalea (thla being the main trend of tho reaction), 
yet tlic procem la ao eaoentlally one dependent upon 
etiullihrlum, that if high balling conatiturnta are aboent, 
or preaent in very amnll amount, the equilibrium will 
not la* antlaAed until additional amouuta of tbceo high 
laillltig eoimtltueiita have been produced aa the remit 
of the reuetlon which In {bring on. 

A realdaal preaaure, after cooling, alwaya exlota due 
to the natural gaa formed In the proceos, and the 
amount of gimllne In the synthetic crude cril, acems to 
lie ver,v i-onatant no matter what hydrocarbon la taken. 
It la of eoume evident to the cbemM that natural gaa 
and guNollue eoiiMlii a greater percentage of hydrogen 
Hum do lu*uvler oils, and It la very Intenirtlag to note 
Hint wIm'U the charge which la (riacod within my treat¬ 
ing veNKcI eontatna a bydrocarbou deficient In hydro¬ 
gen. the formation of aaturated gaaollne goen on Joat 
Ihe Name, and the ayntbetlc crude oil produced carrloa 
a “niiiil" eonalating of the carhon which In the rear- 
ningemeiit haa falletl tn flmi hydrogen. The gaaollne 
priNliieiNl fnan materlahi even highly deficient In hydro¬ 
gen In quite iionnal In Color, and tioea nut aiipear to be 
In nii.v way like Uie “cracked’' praducta which are pro- 
ilueial hy the theimolyata of oU vapon, etc. 

The following reaulta of ruoa made by thla procew a . 
In one eoae atarting with solid paraffin wax, and In the 
other eimc with Ukluhoma gaa oil, will clearly Ulustrate 
nil Ihe le<-luileal fcaturce of the matbod. 

Tut I. 

Material uaed, aolld white paraffin. Mdtlng point 
approximately ISO deg. Ftihr. «I0 deg. Cent). Bpedflo 
gravity 0.080 <21.6 Be.). 900 cubic Gcnttmetera takau. 
Capaellf of trMtlng veaael uoed, 1,100 cubic cenUmetera. 
Heated until brenautc of 800 pounds waa Indicated, then 
cooled. Prmure of raoldual natnral gaa, IfiO panada. 
Pmlact after treatment a heavy IlquM, renembltni 
“Franklin heavy” Pennaylvania crude oU. Ooler, dark 
green by refiected light, deep red-brown by tranamitted 
light Volume of ayntbetlc crude oil obtained ae rteult 
of run, 800 cuUc centimeten (0 cubic cmtlmeters lo- 
ereaoe lu volume, over the amount of Itqnid paraffin 
Htarted with). RpeeUle gravity of thla ayntbetlc tawdo 
oil, 0.770 (0.niJ) Be.), (laaoltne yield, on dIatUlIng thla 
synthetic erode oU to IBO deg. Cent, 48 ouMo centl- 
metera. Haaollne la aynthetle erode oU, 10 per cent 
Spedfle gravity of thti gaaolliM, 0.70 (TO Be.). CWor, 
water-white. 

Iker 2 . 

Material need, Oklahoma gw oil. Bpedfie gravity, 
0.8110 (81.0 Ha). 800 euUe centimeten taken. Oapao- 
Ity of treeting veeeel wed, 1,100 eubk twittmitirfi. 
Heeled until preeaure of 800 poouda ww ttei 

cooled. Preaaure of realdaal aatfiral gw, 120 ponndt. 
Product after treatmeat a Uqnld raaewhlli^ BtnaaiW* 
vanla mixed plpmUae enda. Oelar, tek gMn kr 
niffiM mtt. dMffi I ii k i wm tr twnttii urn- 


TdiiBN of oyntbatia eende ett oOtaM aa ttmH of 
288 coble eentlmateM. ffippiffle gtavliy e( tkto ajiMMlde 
erode oU, 0801 (88 j 8 Ba.). fliMioHiifir y^ W «k- 
ttlUag tUa ayntlMtie cradfi «U to UO ««. C88t^ 4M 
coble aeoUmatfirfi. Bnedfle gineily fit tUa gHfiUMv 
aiffit (8618 Be.), flaaoUiM in the ayntiMtia dMda fiU, 
13.0 per cent Oolor. watacxwhtte. 

It le of ootitw evUtant that If pottUig aay hydneatbM 
through the proeeee dcoerlbed makea It Ifito a ecode 
uU, it ought to be poealble to take any kydroearton, 
and flret convert It Into erode «U by the proaew dfi- - 
aerthed, theu reaMwe the gaaollne, tot exampte, at any 
other oonatltaent, from thla erode oU by dlaill l nt ta ii 
and that to aobjeet the raa td na to a lepet W efi of Ike 
procaae. I hare doM this atany tteafi, and have eoar- 
verted paraffin and other petnrienm prodoete almqet 
wholly Into gwaline end ootoral gee. 1 have obta l i md 
from paraffin abont TO per cent of water-white ffiuo- 
lliie, the rmnalnlng 30 per cent rcpreeantliig the itetBtnl 
gw formed by the repeeted octioo of the p r o c ea% aad 
some free carbon. From foal oil, cu all, vaMlIne, and 
similar materials, I have obtalaed from SO per cent 
to 70 per cent of water-white gasoline, end eantplea of 
this gasoline, even after atandlng fOr a year or two, 
do not discolor, nor acquire on offanalve or ‘^iraelrair 
odor. I wish to parttcolorly nota that tUa gaaollne, 
even when prodocad, waa not tiuated In any way, and 
haa never come In contact with either odd, alkali, Fol- 
Irr’s earth, buue black, or other related materUlo. In 
hiief, the process which I have diwcrlbed prodneed 
from practlcaliy any bydtueerbou, a nuterial which 
rcscmlilm natural crude oil, and which gIvM a goaollne 
which appMrs equal in quality and appeoranoe to geao- 
line from natural erode. B<gh the Crude oil p r odneed 
hy my prurwsa, and the gaaoHne produced from Ita dls- 
tlllatlon. poaaeMa an odor which Is eomewhat different 
from the odor of natnral erode oil and ordinary gaso¬ 
line. This odor, while pecniiar and dlattnotlve, la not 
In the slightest like the odor of ’Smekad" prodneta, and 
It Is In fact a ailghUy mUder and swaatar odor than 
that of ordinary oU products. Dpon mixing my ayn- 
tbetlc erode oil, or the gaaoHne prodooed from It, with 
certalu mnda and etaya, it seems to be altend, and the 
wlur changes and becomea ranch more Uka that dna to 
onllnary erode oil. Personally I aa of the beliit that 
erudi* oil In uatnre baa In some caoes been prodneed by 
■omo proeeoa rolatsd to that which 1 have here de- 
Ncrllwd, the effect of the high tsmperatnre whldi 1 nae 
fur a abort time having In earth history been prodneed 
hy very much lower temperatnrea acting throngh geo¬ 
logical ages. I believe the condition which In my 
report la represented by about three fourths open space, 

In natnro bw bad Its cqalvalent in the open apeoe in 
tlx* mnd or other porona rock which has been the re¬ 
pository of the oU. and I believe that natnral gaa wbldi 
In m> cisDroonly ajssa-lated with petiolenm depoalta *■■■ 
had a related orlgla In nature to that which It has 
In the inxicew worked ont In ray laboratory experlmMta. 

Tile sliidy of the geocsla of petrolenm la ao involved 
Hut 1 di> nut wish theee snggeatluns to be taken In any 
wuy SH other than Ideas which have foread themaelvea 
on my mind after notiug the very considerable simi- 
larlly In appearance STid constltneDta which exista In 
most of the prtruleanis of the world (except when a 
liorouM cover, ur other well lecognlaad oondUloaa have 
allowed the more volatile matortala to vapoHoa^ or 
other well-known oxMatlaa or other pheDomanoa to 
take place), and Ita Bsema more than likely to me that 
any process wblch.ln the tahoratory will prndnoe mate* 
rials of aneh similar appeoranoe and oonpotaUoa trnin 
raw prodneta of the moat dlverM natnn, moat aaraly 
have some oonnoctloo with the enodltt^ wUdh la 
gecriogkal tiDw have almllariy prodneed troa starttag 
ont prodneta of many different ktads, a taotatlal peo- 
scaalng sndi wen-marked and easily raongnlsed dmr* 
Bcteriotlca oa patroleam. 

One vary tatareattag devtlopaunt In oouaetlan with 
this work baa been the effect ct aaan onMnnta of cer¬ 
tain catalytic mateiials, la fkollltattag the tranalDiaM- 
Uon Into synthetic erode oU. Ike addftkm, to the cU 
to be treated, cf even a vefy mtaida aaoaat of eaMc^ 
grapblto redneea matartaBy the tatoperatai* aad pna- 
anre at which the preosto la eparattva.- Za'cna aet of 
expeilniMita, to whhh a given treating j^yanet gave 
synthede erode oU at aa avetagt traallag praMOip ef 
800 pouDda, it was ftnad toat the oddMIoa cf a tfitaU 
amount at tomly dieldad grapblto toonia tower m 
Mommv tieattng ^eaiue to 7» pounda or eren Mr' 
700 ponnda, on eomewlmt longertteatasMt IhlfifiiaiH 
to oOar oonfirmatlcB of the theory whhffi 8 hara ffih ' 
vaaeed, that the enttn proctoi la iMtiirKliiil on toctaia' 
rerateihU rmetkm widoh fiader the dtoa rtto d, oMI-. 
ttoM etoch ah ikffiiUlirffita whH 88001481 ttM M iffilih. 
The ■etien «f ffnely dtrtded eahdytie toiMkWi Ip I*: : 
erem teg the ipe^ fit H MttoM M mtky ■ 
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tbe T«r ^ lu ur 

OUT iMaMl pNOtAoN hu hmu to bMt Uw 
tMwttai TMtri oatt (bi 4Mind vnmm to Indtoatad, 
#k« ttok UMog to tr eoeo atop^ and tho tmtlDc 
raM*l. HBotod apd aniPtlcd. Wa baVe found that when, 
laatead of tatoliig tha ptaaaate to tlia daalrod traatlug 
maitaan, and Inatantlr oooUnf the vtaaal, we ralae 
to a amaawhat lower teaqMrature, and maintain thta 
naipniatari for five or tan mlnntaa wo irt pracUcallr 
an adOlTaiant leanlt. Whore a catalrat to naed, a* de- 
■oclh^ It to peatobla to am a much loocer pNiwun>, 
and atlU obtain a aonaal arnthatlc erode oil. 

Aeaa ovarlmenta whleh 1 have deacrUied bare been 
whbUy of i laboral^ natara and mneta work remaliu 
to bo doop la th* antUeatlon at the prlndplaB which 
haft boot dlaooToiod, to oonuneictol work on a large 
aoale. While it map aeam to manjr that the preorarc* 
and.tooipaintareB emploped are no high oa to preeliMlu 
the peaalbllltlaa of oonuneiolal work, prt 1 do not think 
thla to the oaae. Frooenaaa haro bean derelaiMd abroad, 
during the pagt fbw /eam, In which a mmoni a to made 
rjmthatleallp bp reactiaito reqalrlng both hlgbw pnw- 
•nrea and blgbar teapamtaraa than thoae which are 
—oe nee of In mp pneent work. Aa Uwee amnumto 
reeaatchM bare gone on. from thalr lebomtorp Inceiv- 
Uon to their oommMclal develoiMnent npua a very ex- 
tcoatve and anocemtfiil ecale, I bellere the preaent proe- 
Mi will And ahnllar derelopment comparatlrelp eaap. 
nw oandlttoDa neoeeMip for aaoceednl oommerctol 
work ore alreadp weU known, and lurolre no miglneer- 
Ing toatnren whloh American Ingenultp cannot eaellp 
prorlde, and it to mp hope that thto pmvea will be aonu 
derelaiied to the point where It will fnlilll commerdnlly 
the remarkable promtoe that It now leenui to offer. 

Hfintm and the Hare Gaaaa* 

Tbb eerlM of Frldop erenlng dtocouriM at the Boyal 
Inatitntloo waa onee more opened thto pear, on Jantury 
gand. bp air Jamen Dewar, F.R8.. by a lecture on 
“Froblama d Bydrogen and the Bare Gaaoe." Inat 
year Prof. Dewar, dtoeennliig on “The Coming of Age 
of tlM Vaconm naak,” and on reoearcbea whldi the uoe 
of hto roramm remeto, of obareoal. and other modem 
eapedtonto had rendered poMdUe^ had dwelt on the dlf- 
ncnldee of eoparatliig and ellmlmtliig the rare gaeee 
and upon the apparent obkialty of the Ughteet of all 
gaeee hydrogen. In the leclore of Janoary iQod'bc 
garo a brief, eoeenttolly esperUnentel, rdraeMl of far¬ 
ther raeoatchee, by blmaelf aud othem. In thto Held. At 
90 deg. Cent abeolate, be pointed out, nllmgen and 
oxygon were frooon hard, and their repor tenaloa wee 
w low that tbw dtoappeared from the elr, learlng only 
the DncondenMble gaeee, repreeeutlng ebont l/n0,000th 
of tbo TolneM of the air, oorre^wndlng to a barometric 
prOomire of Vfc mllllmeur. When air was deprived of 
Uu oxygen by chemical meana, and the ranalnlug gaaea 
were ooodenaed at 80 dog. dent abeolate, there ehould 
be 30.7 parte per mUUon of nncoodenMble rare gaaea 
left. Bat mneh larger amonote were often foand; It 
dapaided upon the chmiilcal tmed tor aboorUng the 
oxygen. Of tbeee reogenta eodlum bypooulphate an- 
Bwend beet, oa It gave 20.7 parta of reeidoal geo. Cap¬ 
per aleo anawered well, yellow aud red phoqiboroas lean 
well; In the tatter cnee the gaa, after the removal of 
the l^drogM in It, amonntad to 917 parte. Chromoaa 
diioclda waa one of the meet otrlklog caeei; from 08 to 
90300 parta of gaa were foand In dUfermit exierimenta, 
and after ranoval at the hydrogen. Si parta remained. 
The exeam of gu wan, oa already Imlknted, hydrogen, 
whkAi found Its way Into the appamtae with the 
reagenta or hy otbw awoim. 

In orda to InveaUgate theae problems It wae no good 
to iinrt with large Tolnmea of gaeee. Ur Jamea exem- 
pUltod thla by ihowlng a akeletaa enUe meter with a 
enUe cendaMlor Inoide. flpeclal rnmna bad to he de- 
Ttotd to experiment with emaU quaadttoa at the time, 
to neanratota the effeela. The gaa dboocptloa hy cooled 
Chaieml waa very aatvlceabto. Ur Jamea ehowed, with 
the bUp at two Uaromatrie tnbeo,* bow nracb more 
qU^ the lilmorpUan procaedod whan liquid hydrogen 
waa naed than when Uqnid Ur waa naad. Rtndpliif the 

wuWng again at 90 dog. Oant abaohita, he ftmnd from 
^ to 08 parta per mUtton at nnoondeamMe gai in the 
ntopired olr, at whkto i o aeatl m w only two parta, eome- 
tnore thaa 90 and 90 pertg were, hydrogen; the 
atoeioda varied wMh lha tinw of tha dap and olb« con- 
dfuceto. Anhaala atoe predoeed hydrogen in idmitor 
^hantmegi nnd ccUnaiy olr cnetainnrt abont 08 part of 
l^dHgfn pec BrintaA. na^dfouaattlon of the gOBaB 
lAM^atietaa by pamlM ilw^aUedto ItoehorgB thranih 
HIM Mri ifndplB* M epMtoik In a pcalty, nertl ex- 
PlppMvt Jate vumd tha ttahorge thnogh n 
hifbOgaata»M» itoliMnaC poiiy Mb at too high a 


giHi. 8u rnnoh gaa waa cunUuuwd luolito at that aput 
that tha dtoebarge oIiIk of the gaies at once began tu 
appear In the other parta of the tube. 

ITnfartnmitely, Prof. Dewar proceeded, ctotreoal ab- 
aarbnd evea the rare Eaia to Munio degwe, end it had 
lln pecnltorittoM. Two tubee wore pruvklcil with ebar- 
eeal bnltio, and elwrgcd with olr; the air In the uue tnlie 
only had been dried by being paoaed tbruugli Ibinid olr. 
When the bulbe were afterwards healnl <by todng 
dinied lulu warm wafer liwlead of Ihpild li}draat‘u), the 
llto-rated gas In the one caoe won eoacutlally ux)gi-ii. and 
In tbo other eaaanttolly ultrugco, the gaa oxtlngntoblng 
a hurning taper In the latter caae. Pasolng to the oc¬ 
currence of the rare gaoeu In air, water, thermal 
HpringH, aea-walar, etc„ Ur Jamea potuled to the re- 
oenrehoa of Uoumu and Lepape, aecotdliiK to whom the 
ratios of krypton to argon, aud of xenon to argon, wens 
llie same both In olr and In the French thomial HprliigH, 
some of which ere rcip rich In rare gaapH, while the 
ratio of helium to argon varied enormously; that might 
Iw cuiUMCted with a radtuactivo source of hellnni. .\n 
regards tha proportions of these gSHes. dty sir cou- 
tslDcd 2Aa parts istr mlllluu of Ipdlum and neon siul 
id of hydrogen, country air similarly 22.8 nnd U.D 
parts rcepecUvely; the air liberated from eliurctwl at 
83 deg. Cent absolute contained 1.A4 and 0.1 lurts, and 
air from a steel bottle tllkewlse llbemted from char- 
cusl at 86 deg. Cent absolute), 1.63 and 0.8 pnrls. 
Gautier bad only found a trace of helium In seii-alr. 

The queetlou artsie In such dctcrmliialluus whether 
the froxcD oxygen ami nitrogen did utd occlude any 
other ga a e a. Under tmlinary coudltiuuM, Hlr Jamen 
stated, they did nut, apparently; but when certain mlx- 
turaa of gases were tested, an occlusion scemeit to occur. 
Thuii, all the nitrogen condensed at 20 deg. Cent abso¬ 
lute noder high exhaust could be regained at -t- 16 deg 
Cent; so could carbon dioxide; but In mixtures of 
idtrugrii, or of carbon dioxide with much hydrogen 
(20:80), there was some occlusion, though almost all 
the iMClnded gas wia liberated again at + 16 deg. Cent 
Hydrogen and carbon dioxide, tberefon>, became to¬ 
gether vobitlle whan they had formed a solid solution 
which was mors volaltla than earlMiu dioxide, but lew 
volatile than hydrogen. The mlnlmniD gm* pn-ssiire of 
chemical nitrogen seemed to be 0.3;). 10-* millimeter 
(the usual uult of pressure in 8lr Jamra's experl- 
innuts); liut with the aid of tbo molecular air-pump lof 
(hiedel the prewuro could be reduced tu 0.07. lo-‘ mil¬ 
limeter. 

The next oerira of exi>erlmonts of Prot Dewar con¬ 
cerned the permeability of metals (hot ur eolri). like 
plHtlnum, palladium iron, and also (|uartx, to gases. 
Thto penncubllKy wm ■ Rouice of trouble. The experi- 
ineiits were so condneted that a tube of platinum, e. g, 
rlisieil nt one end, was evocuated ami Joined to a dls- 
elurge tals>, which would not allow the dlsehsrgp lo 
ISIN8 as long as the gaa preeaure waa loo tow. An oil- 
pressure gage wee Joined to the apisiratus siid Ihe lime 
was meaaured, eo tbat the rate of the rise of pressure 
couhl be watched. When the plitlnum whs heated In a 
gas-lninier, the discharge began to pass, because the hot 
platinum was permeable to tbo bydrogen In tbe gas- 
flsme. eo that hydrogen entered tbe platinum tuls-. 
When a Miuirtx lube wae imitbed over tbe hot iilallnuni 
tulie, HO as lo form a Jacket round It, the nuiiiumcter 
went back, because tbo qnarta was not permeable to 
h.v<lrogen. This was still more striking when the qnartx 
tube was drawn out so as to allow the liitraductlon of 
different gases Into the annular space. Tbe experi¬ 
ments proved thnl platinum, heated by a Meker bnmer, 
traa most permeable to some gas (cbledy hydrogen) 
when pieced In tho lower part of the Unme, where 
hydrogen predominates; the curves ubtalmsl when the 
Inhe was In the middle or In the hv iiortlon of the name 
Indicated a smaller rise of iiroasuro, and i less abrupt 
fhll of prewmro again when tbe flame was removed, ,\n 
Iron tube proved ponnesbie to hydrogt'n. like platinum; 
III a palladlam tuba the rise of pressure was, under the 
some condlUoDB, much more rapid. When carliou mon- 
oxide (auppllfsl strongly compressed) was Inirncd In e 
Rnussu burner with a pale Woe Itonic, im gns (iiellher 
tbo CO, nor tho OO, prodneed by the Iniriiliig «if the 
CO) penetrated through tbe hot lulladlnm. Rxp»Tl- 
mrnts were then made with helium: It was demnn- 
itroted that helium easily peised through hot quarts, 
while hydrogen would not dUfmie through hot qnnrti, 
though It would reidUy pass through hot plntlnnin. 

The permeability at eldns or Aims of rubber 0.01 mil¬ 
limeter In tblcknees, stretdied over a metallic frame, 
ivas also deownstrated, and sumo sarprlslng results 
were shown. Oxygra paand more readily Ihrough a 
rubber skin than hydrogeu end irgon mure readily thin 
nitrogen, so that rubbor would aiipesr to be more per¬ 
meable to fuia of Ugh atomic weight than to gnaes of 
low ntomte w«Wht Hm wet Him wii mneh Iom per- 
neabto; ind dry air (dried by being bubbled through 
.HqnM olr) pnaid men qnkkly through On diy Shn 

-thwkitoMM* (ftotottaliitoitnNto). thn 


Him Itself Into Ihiuld air would make It Impermeable; 
the same Imiienneablllty resulted when (be rubber was 
dlpiied Into gylcerin, which could only be done properly 
with a dry film. Water vniKir found Its way olwi 
Ihrough blit isilladlum and platinum. These various 
ft-atunss llie occlusion of gases, the uldqully of hydro¬ 
gen, tlie iwrmcabllUy of metals eiwl niWicr, etc., render 
llie luvestlgntion of the rare gases still mure dlfllcuU 
than It Is otherwise. In hto rescarchm on respired air 
Hir Jsuies makes bis apisiratus entirely of glass ami 
nielal; rubber conueclluus nnd greased sloiHiK-ks, which 
might give otr gas, have tu be avoldnL 

Electrical Conduclirity Imparted to Liquid Air 
bj Alpha Rays 

In b |M|s-r read before the Itnyul Society of (laiiudn 
till liiti-resthig iMThw tif ex|K-rliiieiilH i-oiiilnelcil by |•nlf. 
J Melsdlaii mill Mr. Hiivlil A. Keys bi diwrllssl. A 
brief Huuiuiary of the results Is given herewith. 

In Ihe liuhllshed aeeuniit of their exiierlraents on the 
meiisiiremeiit of the dielectric niimlniits of different 
Ilquellnl gnses, a iiuuilier of In vest Igii tors, lucliulliig 
Mnde.' Dewar and Fleming,' and llaseiitlhrl.' have 
drawn attention tu the high liisiilutliig qunlltlee pos- 
KCHsed by sutli liquids. In imrUeular Memliig and 
iH-wur have slmwii that s small cuiiileiiser when Im¬ 
mersed III liquid air mid ebargid ullh a Wlnubiirst 
electrb-ul iiiiieliliu- held Its cluirge is-rfeelly for a imrlud 
of some inliinlcN. guile rtsviilly. t(s^ Zt^emaii' In slmly- 
lug tls- Kerr iihenouieiioii In liquid air found whi-u llie 
Intter whs freed from small lee mid earhonic dioxide 
crystals by Hllrntluii, mill when preemilbins were taken 
to prevent the geuerstlmi of gns bubbles lietween llie 
eleotrudes, electric delils ns high as Ikl.WlO vulls iwr 
eeiitlmeter. and even higher oin-s eonbl lie uinlntalisd 
qullK readily In the Ibiiild. 

Fleming and Dewar In iho eiinrse of Ihelr exjierl- 
ments made a delerniliistlun of llie dielectric eiiiislaiit 
of llqaeOcd air sud also of that of llqnld oxygen. The 
latter they found to lie I.IU3. If we ussuiue the den- 
ally of gaacous oxygen at l.'i deg. tb-iit. mid 7tW milli¬ 
meters prossure to be (t.d(»l31 (and Its tleiwlty at —182 
deg. Cent, eoiisei|uenlly to be l>.n(H2-t) nnd lls dieleelrle 
eoiiHlaiit at 0 deg. Cent, ami 7flO millimeters pressure 
to ls> I.MlOeU, It fullowH by u|ipl,vlng the Clausius Mo- 
solll relstlun—that K 1 Is propurttoual to Ihe denslly 
of Ihe gns—that Ihe illelis.>trlc consUut of guscoas 
iix)gi>ii Ht —182 deg. t>nt. and 7tl0 mllUmelers pressure 
should he B|i|irnxlmately 1.0018. 

Moreoter, aa the deiislly of liquid oxygen is aWmt 
l.1.'rT.\ It follows, It we UMsunie the Clausius Mosuttl's 
taiw to hold continuously In isiNsIng from the gaseous 
to the liquid phase, lliat the dlehsdrlc constant of liquid 
ox.vg<>n shoiilil Is! npiinixlmnlely 1-1821. This, It will 


I Ihe dielectric property 
he HiHge of Mquefactiuu, 
by the writers lii see If 
lunity tNiuld l» obtained 


|1) III a nunil«r of exis-rlmenls It has Iss-ii sliowi 
111 tigrnmiciit with ii iiiimIsT of olhi-r ex|M>rlraenten 
Hull liquid air when freshlv flitereil Is iiii extremel] 
gissl liiKiilnlor, mill Hist Its coiidiietlvlly in the absciici 


the luiilialloii was prislueixl by tlie smuc radiation. 

(4) The molillll.\ of tho positive lou pnsliieeil In air 
III 110 Blmospheres by alpha rays was fonnii to be 
n.tgg).X2If4 eeiitlmeter seeoiid per volt |s-r eeiitlmeter. nial 
Hint the negative n.lNllltm? eeiitlmeter seeond per volt 
IST centimeter, the latter Is-liig Hlsmt l.bs limes the 

(6) Kvldenee has bemi fisiiid In the eonrse of the 
liivmllgatioii of tbe exlstois-e of a penetrating radiation 
emitted hy the layer of polonium which fiinilshed Ihe 
alpha nyo. 


• HucaSbrl, foMen. Comm. No. eX Proo. A ms. AM, II, 
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Recent Evidence for the Existence of the Nucleus Atom' 

Varied Tlieories DevelojKHl, but Much is to be Done to Furnish Definite Ideas 


By Alfred I). Cole 


n. . . . UemdeH thnu- i-jiiitivii 
which arc frwi and Hiihjcct 
InwH Ilf RBiicH. The iwiHind 
hich circulate fnini iiiin hIcIIbt 
liHhinK thiiH an cxchanipi of 


biihcvii ill that puticular t>|iii of aloin wlilcli wc imy call 
the Duclcua atom. Thm ty|io in Hiiiiiiar lu that which 
I’uinearj piclurcd except that the central Ind.v in much 
nnialler - very email inilcud OH cunipami with even the 
minute ehvtrunii which ein-iilaUi alemt it. 

Wo will nwoll flmt eeveral of the diecovcrice which 
have forced ua to abandon the idea of an inditiaible 
atom. 1'hu fundainentad one wan 8ir Jueeph Thomaon'a 
diaoovery of the elei'troii. In atudying tiK' nature of 
the nathiHlo raya ho fouud that they <•onMlllt4'<l of ox- 
truirdinarUy iniuutu iiarticloa all exactly alike, wliat<'v<<r 
the nalum iit Iho tfam within the tiilie might Ixi. In a 
w'riea of brilliant, experimental Htudiiw he woe able to 
ahow that the niami of one of llieae cliwtnina wbh only 
oiiu oiithUien hundredth tluit. of tlM< IlKliUwt known 
atom. Then came Zeemon'a diwiivcry* tluit the aciHt- 
raln ImeH of many apoetra on hrukcii up iuto two or 
more lines by the ai-tion of atroiig magnetic (lelda. The 
study of this effect nuuie it quite certain that light m- 
diatioii is cousod by the rapid vilimtiou of cIci'lroTui 
in the luminous liody Tlicrcfon'. clectrona iiiuat be 
pmaent in very many kinda of iiuttU-r -imilialily in 
all The elci-tnina were early pnivial to I'arry a ni-KO- 
tive charge of eliwtricity. Soon they ri'vi-ahal their 
pnwence in a icreat variety of waya and oseiaU'd in tliu 
explanation of widely different phenemenn. liut the 
c<irTeH]MindiiiK positive constituent of matter provtsl 
singiiliu-ly elusive although must ililigi’ntly soiikIiI for. 
and it is only very recently that wc wh'iii to have Irocoil 
it to its liiilhiK place. 

Uiffcn'iit views n<ganling tlic nailin' of this positive 
couslituciil have led to iiiucli divcrbily of oiiinkin n>- 
gonling tile slmctiirH of atoms. One of Iho most suc- 
ifssfiil of tliiw llHsirios is that pruisised by Sir Jnm<pli 
Tbonuon in 1004.' lie suppuaed a relatively laqn< 
oositivo iiisHH to exist-- nearly as largo as the atom - 
with the minute nvKatlve oluetrons distributed through 
it in siieh a way os to make the system a stable one. 
For easy nialbematlcal treatment he assumed the elac- 
tnius at equal distances a]>art in a sonea of concentric 
cin-ulor rings. To aocuru stability and illusinvte oer- 
tain atomic pnvporties he supposed these rings to Iw in 
nilallun. Thoinwm diseusstsl many such conUgiira- 
lioiis and saliHfui-torily explained many facts regard¬ 
ing the valency, the jui^tioii in the periodic sysbui, the 
chctni|iositive or elei-lninegativu ahancter and other 
clicmieal ]iro]K'rties of different sulmtiincca. 

A niodiflcatiou of Thtmiaou’s atom was proposed by 
H. A. Wilsou m mil.* Ue snppoeca eooh negative 
clectnin to lio ailuntul ut the center of a positive sphoni 
of Hiiflicient size to neutralise It elcetrieally, and the 
atom to Iw iiiutle up of a group of such units, the total 
iiumlnT Isiiiig pruporliomil to the atomie weight. In 
othtT words, Tliumsoii's one idalively largo positive 
moss IS iIiviiIimI up Into ■‘qual parts, each one containing 
a single iii'gaiive elis-tron. Thu mathematioal develo|H 
meat of this idea lod to llie result Uiat the hydragen 


atom isiiiUiiw (light such units. Tlie gold atom would 
tliorcforc contain about sixteen bundled of thenu 

In the Thomson and Wilson atoms, tho positive 
portion is diffused thnnighout nearly tho wholo volume 
of the atom, a region about one hundred millionth of a 
oontimotor in diamotor. This ty|ie of struoturo has 
accounted for many atomic imqierties but bos not been 
vnry sunoessful In explaining the positum of the lines in 
llglil spectra caused by vilwations in tlie atom. 

1 wish to direct your attention to-day more par¬ 
ticularly to a ty|H< of atom in whicli tlui positive ohaige 
—Mlual os before to the sum of the ehargm of the 
negative eleetniiis - Is highly ooncontraled at the oenlcr 
Ilf volume of the atom, occupying imly an exeoedlngly 
small port of the volunHi. Nogaoka* had discussed the 
staliility of such on atom In IflUt. Sir Kmest Ruther¬ 
ford revived it in 1911 to explain phenomena ohserved 
by (h>lger and Marsdun,* and achieved a striking succeiai 
The facts observed wmre. these; when u-rays worn allowod 
to iNiss through thm shisits of metal, a small propor¬ 
tion of them were iitiservod to he defleeted through very 
large anghM Rutherford' mode a thenniUeal examina¬ 
tion of the results of a single encounter between an 
A-porticle and an atom of tiui eonocntratcd-niieleus type, 
anil ealeiilaled the itroportion of the a-partieles which 
would tie (InllentHd through various angles liy such on- 
(Miuiilers. (leiger* then mode a new experimental study 
of the Ki-attering produced by gold foil and found a very 
sallsfaclary verifieation of Rutberfonl's fonniila K.nm 
the amount of scattering at various angles, tlie value 
of the nucleus was also calculated, li'ur gold it came 
out alsiiit 100 « Tim general conehisinn was Tcachnil 
that the nucleus rltargo la almut one lialf tho atomic 
weight tiniisi the charge of an olsetron. But BarkU* 
hod carlhir roai'hed tho same value for the sum of tho 
eloctmu charges--which in a neutral atom should equal 
Ills nucleus charge—l»y observalions on X-mys and tlie 
use of a thiwry developed by J. J. Thomson. Accord¬ 
ing to thiwo views atoms contain only about 1/lA as 
many eltxitruns as they do on tho theory of Ji. A. Wilson. 

On the assumption that largo angles of ilenccUon ire 
sometimes due to sliiglo cneouiiUirs with an atom, large 
fimies must he postulated to swing the ii-partiules so 
considerably from llieir paths, forces so large as to re¬ 
quire an approach U> within an oxceodingiy small dis¬ 
tance tmm the nucleus center. Tliis distance was 
calculated to be olsiut 1/.T,UU0 of the atom dlarocUT. 
if this is true, the nucleus nan hardly have a diameter 
exceeding l/S.OINl that of the atom. 

Tim view that on o-pvtiole may turn thnmgh a large 
angle as tlie result of a single encounter was strikingly 
Ciinllrraed in 1912 by some remarkable photographs 
of the iwtlis of u-porticlee through a gos, taken by ('. 
T. R. Wilson.'* I have hers a reproduction of one of 
Ihese phnlographs which shows two ahnipl bends In the 
trail of u jiartiolc, one of 10.5 degn>es and the olhiT of 
4:1 dogriHis. This second hend would certainly svwm to 
lie a case of "single ceattering.” The astonishing con¬ 
clusion regarding the small alae of the nucleus Iws lieon 
couAnned by some rocenl experiments of Morsden" 
in passing o-radiation through a gas. 

A theory has been worked out by Darwin that when 
n-radiation enteiwl hydrogen, a few H atoms would 
acquire from cloao enonunters widi the o-partlolee a 
velocity 1.6 times that of the striking n-portiele, oorre- 
spunding to a tange four times that of the radiation. 
Morsden's experiments were undertaken to test this 
theory. Ho paaaes o-rays into hydrogen and observed 
the sciiitillationB on a aino suli^e sermn placed at 
various distances. The rango''of'the’e-porUcles was 
found to lie 20 cubic oentlmetm, but a few soinUllallans 
weni f(Hind when the screen was as much as 9(1 cubic 
centiiiictara distant, due seemingly to the rapidly moving 
U' atoms in their recoil from collisinn with Urn hcavicT 
a-particles. This was a strildiig confirmation of Dar¬ 
win's theoretieal calouIathHH. (.'aloulatlon by his me¬ 
thod showed that the centers of the nuclei during oolilsion 
were not over 1.7 -i- 10-" ouMe eentfaiMitw apart. This 
then would be Use maxiimun value of the ram of their 
ladii. This is smaller oven than the former result and 
also smaller than tho accepted value of the diameter 
(it an cleotinn. 
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Thus the nuoliiuR of the atom appears to ba-oitiR- 
ordinarily minute, and this luggeata aa arplanatfew of 
the somewhat paradoxical result, that praetlaaUy oK of 
the moss of the atom seems to rasUa in the naeleoa 
For if tho sise is oxbromely small its elaetroBUigBalie 

mass would- -from the formnla 2/3^—be lelatiTely larga. 

8o iu mass might be 1,800 times that of the eleetam 
(and J. J. Thomson's experhnents luggast that no po^ 
live earrler has a mass smaller than that amoont) pro¬ 
vided its diameter were only 1/1,800 that of the eleeima. 
From Bueb consideratinn Rutherford" thinkn it prob¬ 
able that the nurisHS of the H atom is, in font, the kmc- 
sought positive eloolron. 

Attuntiim has been forolbly draxm to the mndeili 
type of atom within the past year and a half by the 
extraordimuy suoeess it has had as interpreted by Bohr, 
Darwin and Moseley, in accounting for the exaet poi^ 
lion of linns in the sissitra of gases. Thcdr work has also 
served to liring into the UmoUght the eoriier and perhaps 
equally striking work of J. W. MioholMn. In November, 
1911, lie puliUshed a paper" in whioh he assumed the 
existimcc of several elemouU with atoms of very shnple 
and definite structure. One of these he colled nebd- 
lium. In the neutral eondlllon it was supposed to haSe 
a positive nucleus with charge 4 e, and around it at equal 
dlstanoos apart in a oiroular path, rntaled tour Neotmlt 
eacli with a unit charge s. It m^t, however, loee one 
electron, when it would beooma positively eharged, 
its three ifentrons now toldng up new poeitions a third 
of a circumference sport. Similariy be suppoeod that 
Iho atom might take up more olootroiis, and have p 
negative oliaign. 

He disouned mathematically the vibratory motioite 
of such on atom and showed what kind of a Bpretniiit 
the radiation would furnisn. The thsoretlnal analysis 
of the spootnim of his muginary elmnent nebulium 
showed that all the ohoraotoristin nebula lines of the 
Great Nebula in Orion, leaving out those due to hydro¬ 
gen and helium, could be attributed to the vibrations 
of the nrliulliim atom, except two lines. Go the very 
day he read tins paper in Kngland a Uetman astrunomer. 
M. Wolf," presviibxl a paper in Heidelberg whioh de¬ 
scribed the discovery that different Udm of this nebula 
wero dun to mdiation from different parts of the nebula, 
and that these two lines which NUibolaon bod found 
iixeeptionol were due to a radiating eouMe different froB 
that of the other lines. Whureas almost all the ilnes srem 
duo to radiathm from the bright ring of the nebula, 
those two linns were caused by radhtllon from different 
parts of the nebula, that fur one of them coming from the 
dark eentral, space and for tho other ohlefiy from the 
outer edge of the ring. All other lines bad their maxi¬ 
mum brightness in the bright ring itself. 

Another imagiDory sulistaace, which Nioholioa named 
proUifluorine, ho suonetxlnd in uonnoetliig in a similar 
way with the sptwtrum of tho sun's eraona." This 
atom bo supposes to have—when neutral—a nuoloui 5 s 
witbfieliiottuiuiuactroulararbltaboutit. Heanalyaes 
its radiatlvn on the assumption that it gives forth radia¬ 
tion energy in quanta, aa Planok has supposed. Ha 
anticipates Bohr iu the emphasis he gives to the Idah 

electrons. Uii nslmilotions on this iRotofinorine atom 
account satlstsetorlly for the existeiua of 14 out of 22 
lines of the oorona speetrum, with an average diffetenoc 
of law than one part In a thousand betwsen observed 
and naleolated vahiea. His oaloolatlans alao show the 
magnitude of the poeitive .or nqgative charge of the 
atoms originating the various Unes. He eondndea that 
in three primitive foraa of matter—nebuka and solar 
ooroiiR—very simple typw of atom exist, muefr men 
slnitile donbtlres snd mete s re wia h la to eskmlation 
than are the atoms nf most tcRestrUiubstaaoes. Whlls 
the potrapoiideiioe betwren hit oslenliaad spertra and 
thoee otwerved at liek Observatory la not m olose m 
is that between theory and observed epeetra in the 
cent work of Rohr, it is important to ofaairve that aaoto 
of tbeae resulte are obtained by meaiui of estiMiihed 
meohanieal pti nni pl M and without tha nas of eueh qiMto 
tkmable assumptioiii ae the brlBiaot young Done rtias^' 
fully and oonfidently "*»(*«« 

And now let ue. ooreider briefly the work of Bohit 
This U get forth in four papetaRpnbMkhed in the PWa- 
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inpMffT* JfofuiiM btttwMin July of Iwt year uxl Mamh 
o( ilM yw. He iitvti with the Rutherford 

atom, 1. a., a minute poritlve nunleui with ite iiyBtom 
of HeotronM mvulvluc about it. the nuuw of the atom 
realdMit nhlefty la the nucleui and tho nuinlmr of elee- 
iroM appnMdmaUily equal to halt the atumln weight. 
Ha admha the dlfBoulty of wieurliMC etabiUty in Hiieh an 
atom (ad'oompamd, for inalanoe, with Thiinwnn'H 1904 
atom), but thbki that thie diffinulty ran he rtimoved 
if wo admit the iiwuflleieney of the nhuwinal dynamlcfi 
to phenomena InvolvinK aUtmie iliHtannee. and 

Intiodnea Piannk’s quantum into th«< eituatlune He 
nlafani that tbla fiirnUhM a haid* ant imly fiw a theory 
of atmnls oonetitutlon Iml for that of muleuiilm an well. 
Ha difltn tnnn Niehtdaua radwally in amuminR that 
when In a aiote of uniform rotation, the elentrune do 
not radiate. This ia nut in aoounlanee with our ordi¬ 
nary eloetrudynamioB. Kaoh atom, aonotrilnit to Bohr, 
haa a number of “ateady irtaU*" during which the elee- 
tnms revolve uniformly and there la no radiation. But 
in pamdog from one iteady atate to another an electron 
wlttdi Inward toward the uuoloua with iu frequeney in- 
ereaaing. Ita aooeleralion meanwhile eaiiam railia- 
tion, until the etoctrona settle Inhi another xbiady state 
and oease for the nmo to radiate. In its stable sUto 
the angular momentum of every oleotron ia tlm same. 
This atrees with Planok’i idea of disoontlnuous radlaF 
lion and the amount radiated in one ominion for a 
xibmtor of frequency r is rhr where t is some integer 
and k Is Planck’s "universal constant." Bohr finds the 
equation for tho relation between the frequency, mass 
of an eleotron, ohaige of electron, r and r, When r 
is made 2 in tlu) equation, Balmer's serins for hydrogen 
is obtained, and for r-i) the infra-rod seniea whioh Uils 
anticipated and Paaehon found. r>l gives a series of 
lines In the ultra-vlolol and r-4 and 6 In the infra-red, 
neither of which hsa yet been observed. The linm oh- 
served by Fo«h«r and by Pk'kering he eonimeu with 
helium Instead of with hydrogen. 

From this oquation ho also caleulaU-s Rydberg's num¬ 
ber S degrees and obtains ;i.20 X 10'*. Ha observid 
vsluo is 339 X 10“. so tliat the ugmoment of theory 
with olwervatlon is satisfactory. Tlie theory further 
n<quinM that very low gas density lie requinsl for Jium- 
erous spectrum lines and very great gas volume for 
siimcient mU'nsily. Tliis probahly accminta for tho 
fact that 33 lines of tl»e Ilalraer scries for hydrogen can 
he seen in eehalial spectra while only 12 appear in tcr- 
rnstritl (vacttom-tube) spectra. 

From the work of Barkla and of Oelger and Marsden 
on the scattering «if radiation Bohr accepts the view of 
van dnr Bniek that the number of ckrtTom m an atom 
in the neutral sUte Indinatos the position of the elemonl 
in tho periodic table. Thus ho gives hydrogem one 
eleotron, helium two, lithium throe, beryllium four, etc. 
Tho same number expresses th»' magnitude of the posi¬ 
tive oharge on the nucleus. 

It Is dilBcult Uj pass upon the validity of some of 
Bohr's assumptions Ho high an authority us Jeans” 
.. .IU it "a most Ingenious and suggestive, and 1 think wc 
must add, oonvlnring explanation of the laws of series 
spoetra," and yet ho adds a little later that the only 
jiistllloatlon for tho asnimptions Bohr makes is "the 
very weighty one of luooess," Rutherford cautiously 
oljserves: . 

"The theories of Bohr am of great interest and im- 
portanoo as a Uml attempt to construct atoms and 
molecules and explain their spectra.” 

Tho views of Rulhwford and Bohr regarding the 
Biruoiuro of atoms are strongly supported by some 
striking oxporimenU of Mosdey published during the 
past year.*' His works utiliie the methods worked out 
by W. H. and W. L. Bragg" for measurinc the spectra 
obtained by refleotiiii X-rays from the fanes of crystals. 
BarUa and Sadler" showed in IBOR that If X-rays from 
an mdinaiy tube faU on different metals, "oharactoristie 
X-myn" ue given df-these being diflerent for each 
metaL •Msoy metals ean give out at least two different 
typee of ndiathm. Borlda ealM thesethe "K series" 
and the "L mriee" radlatioM. For each metal the "K" 
radiadoB h aiwot 300 times aa penetrating as the "L" 
radhtdon. Kays'* haa shown that an element exalted 
undsg mitaUe eonditloni by rapid cathode nyi givsa 
nut a ooiwidenble portion of the X-nyi prodiioed in 
the form of eboraeterlitle rays. 

Moaeley phetograiihed the ipectoa ebtetoed by nsing 

a great variety of different metalB ea targets for oathodo- 

ray bontbaadment Tha X-rays so produeed were re- 

lleeted from a crystal faee and ihen tea npon tho photo- 

gra^ plate. Speetn of the thM oidiw ihowing line 
sharp UoM were obtabwd. B1 b)M >«alta w«m seoiured 
tor tmr,« metala. For the elteneota of tower •Main 
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weights, each spectrum showed two prumioent Hues, and 
the spectrum of any dement was almnst exactly like 
that of Die elenuml next ImIow it in the pniodic Uhli- 
except that it was shifted in the diructiiin of shorUT 
wave lengl.li by almut tho dislance belwiwn its two lines 
The radlalkm was nf the “K" type. Thus a elosi- re¬ 
lation was eslahlished iH-tween the X-ray wavp-lenglli 
and eheinical properties. Fiirlher, tho fns|ileney nf Ibe 
prineipal line wac finind to ls> proporllunal to l.V-n)’. 
whiTii N is an inUger and a is a eonslant isiual U> alsiul 
unity. N is callist the atomie niimlM-r of the elemnni 
Thui it is 29 for t'u, 22 for Tl. 23 for Va. 24 for Cr, 2.5 
for Mn, 2fl for Fe. 27 for 28 for Hi, 29 for fu. :H) for 
3n, ete. These loinibers are very nearly in tin- onlers 
of the inrreasing aUimte weighls, lull more exaelly in 
Hie order of Mendeleeff's |H>riodic Ubh*. T1 m> iiiiinlierH 
tlain corn'spoiul with tlie ehangns in <>heinii-Bl pro¬ 
perties nuin- nearly titan do the atomic weights For 
inslanee, we have Fe, < 'o, Ni representing both the eliem- 
inal onler and order of the atomic numts'rs (211, 27. 28), 
while Fe, NI, ('o is the order of inereasing atomie wriglils. 
it thus appi>ars that this atomic number is a more 
fundamental quantity Ilian is the atomic weight, or as 
Soddy" has put it. 

“It is the nuelear ehargn rather than the atomic 
mass, whU'h Axes tlu> position of the element in tlie 
Periodic Table." 

A. vail dor Broek® hail ls<fore Ibis suggested llial the 
total numlsir of unit charges on the electrons of an 
atom is the number representing the position nf the 
element arrangisl aeeording to increasing atomie woiglil. 
But in a neutral atom the nun of the (negative) chargis 
on the electrons should u(iial the piMitive charge on the 
nucleus, so that the two statements amount to the same 

When the experimental values found for the rrequeney 
were eompanid with thoso indioatod by Bohr's theory, 
the agreement was fiiiind to be a remarkably close one. 

With elements of higher atomic weight Misieley ol>- 
tuiiod s|w>ntra whose lines indioated the Barkla “L 
typo " of radiation. The atomie numbers i-alculahsl 
from tlu- (ssrittaiis of the strongest lines of lhi<so ‘•I," 
spectra rangisl fnim 40 for xinsmium to 79 tor gold. 
These expemnems Uien give strong support to the hy- 
irathesis of van der Broek that the total charge of th.-’ 
elenirons of an atom indirah's its twsitkm in the is'rioilic 
system. Known elements were fmmd to is>m«pi>nd 
with all the mimis-rs from 13 to 79 except three, indi- 
iiating that thrw eiementa probably remain to be dis- 
isircred. The wavivtcnglhs of tho clunioteristic X-mys 
from the metal is of the order of 1/1,01)0 that of visible 
light (I e„ alsnit 40 wave* in 0.00UU01 inch). 

During the |>ast few months Rulherford and And- 
nule" have exbuuled these methods of crystal reflis'lion 
to the study of radiation from Ra-B Ka-t'. The rray 
spoctnim of Ra-B was found to he of the same general 
tyis> os that of the X-ray spei'lrnm from various hi«iy 
meUls when hombnrded by natlimhi rays The result 
for soft T-rays from Rn-B shows that iU radiation Ih»- 
loiigs to the “Ii series” for heavy metals Moseley's 
formula applied to the nmosiin'mi'nl of the lines of the 
vray spwtnim gave N-K2. which is the atomie numls-r 
of l««d The atomie weiglit of Ba-B Is, however, 214, 
while that of lead is 207 This dlffeniuu- is neverthe¬ 
less fully explaineil by a imw gvinerallxal ion of Hodily 
ami Fajans which we will pnwnily noliei- The ex- 
perimeiils diss-rilied in the second paper were mode with 
much more penetrating v-radiation from Imth Ita-B and 
Ko-^'. This penetrating v-rodiation from Ita-B was 
found to corrwpond to the K seriro for the same raoial, 
leail. The altll mure penetrating radiation from Ita-t' 
lias a line s|KS'trum of still higher frequeney lliaii the 
K typo, for which Uie name "H" senes is suggeslvd. 
Thoso cays are espcoially interesting beiwuse they have 
by far the shoruwt wave-length yet known, only alsiul 
1/8 of the wave-length of the shortest X-ray waves 
tneaaurod by Moseley or a'lsjul 1/80.000 of the wave¬ 
length of sodium light. RutherfonI in his isimmimis 
on thisio wavro very Justly remarks, "ft is surprising 
that the arohiUwiturp of tho erystul. is sulBeitmtly di- 
Bnito to nisolve such short waics.” 

Ouriug 1913 some remarkable work on the relations 
of radioaottve suhstani'es to each oiUi^ lias given sutv 
port to the nucleus atom from an uiiexisM-hsI quarter. 
Fleck,® RusseU," von Hevesi'y, " Fajans" and Hisldy" 
have all bad a ihtre In Miis work. TheyTliave fiiund 
that when a radioaetivo substance ejects an n-parlicle 
a subatanoe of different eheminal properties ami different 
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valency rusulls. The new sulMtanee lies two eolumiu to 
the left ill llui iwriislic tabic, has an aleiiiie iiumlsir 
two less and an atomic weight alsuit four less tlian tho 
liareiit substauis-. If, liowevi'r, thi‘ nuiiowlive sul>- 
slaiiisi cjivts a (l-|su-liele or eliwtroii, the new siilwtaneo 
is oiu- column to tiie nghl iii (he |s<ri,idie table, incri'usi's 
one in atomie iiiiiiils-r. iiiid dis-n not eliaiige m atomie 
weight I'laiiily tlu-ii two or more .•leiiii iits may is-eupy 
tile same position in I lie |M>nndie Inlile. for if an ■•lenionl 
loses in Kiiceisision -in any opier two p-|iarliel(<s and 
one u-iiartii'le, its atomie niiiiilsT will Is' again the sniiie 
as it was at ftrst. Thus lla-I) has tlie atomie niimU-r 
82; It Iimhk a d-partlelo and IssHinies liii-K with aloniie 
iiiimlMT H:1; this loses another p-tuirliele and Is'i-oiiies 
lU-F with atoniu' uumls-r HI; this linally loses an a- 
istrtiele anil Iskhiiii'S lead, willi the urigilial atomie 
number 82. The wnes Url. Hr-M. rr\2 and Hr” 
is of the some kliul, exeept that the portieh-s ore ejirUxl 
ill the reverse ordiT, ii, fl, t). Ho tile iilil liillli-ulty of 
llniling plais-.s m tlie perimlie talile for tlie ;t4 nubiuwtive 
siilMlaiieisi now known lias illsa|ipeansl, sinis' they have 
lull ten ilifTenml atomic nuoilM-rs and ris|iiire llien'fiire 
lint ten |ilni-es in the iMiriislie tulile. SimIiI.v has in- 
Irnduissl the tenil lHOto|H'S to desigiiiile two eleinenl. 
is-cupyiiig the same plai-e in llie lolile. lsolo|sw iiri' 
chemieally msepsrulile and iinilwlily liavu identieal 
speetru, Imt tliey liave ililTereiil atomie weights. 

It is evident that iiini-h ri'mains to lui ilonii Isifnre 
wi, have very ilellnile ideas of tho stnietiiro of tlio 
liiieliius atom. Many quisil ions are enlandy unanswered. 
For exaniiile, in liow many rings do tlin elisilnuis lie? 
For hydrogen and lieliiini us for nelinliiiiii and proto- 
Huorine (if they exisL) Ihi* l■lls■trons am so few lliut llioy 
doubtless all lie in onu mig. but theri' are n-asons for 
Itclicviug that in atoms of liiglier atomie weight then’ 
are two or more rings. With a liirgo numlicr of cUs*- 
trons present -with the lilt) elis-lrons of tlie gold atom 
for instanee—there mny iiidissl Is’ several eoidlgumtions 
which will satisfy the conditions of stnlvibly. Evoii for 
eomparauviily light atoms Bohr** siiiiposes that, ns many 
an flvo rings exist, AgoJii, from wlint |inrt of the atom 
of a radioactive substnni'e do tliew ejwUsI n- and 
d-partieles come? tkjddy" Is'lieves that laitli originate 
in llio uueliuiH, but that tlie eliemieal ami the eloelro- 
cbomioal properties are nnitrolKHl by the oiiliT ring of 
the ehvVnms. Miss'h'y n>gnrds the similarity of lliu 
X-ray sis'ctTH of different metals as salisfaetoO' eridenxi 
that Hiioh railiatioii originaleH inside the atom, while 
light radiation is deteniumsl ti> the "stnieturo of tlu' 
surface." Uutherford” und Bolir ImiIIi raise tlie im- 
(Mirtant question wliether atomie mielei enntiuii elei'- 
Inms, and both I'oneludu that they do, These and nuuiy 
other iiuRNlions have already been asked liut only li'iita- 
tive and provwional answers have thus far Iss'u given. 
Doubtless there is a fleld hero for miieh imisirUiiL ex- 
IH'rimentai and thisirelieal work in tlie uumpdialr futuri' 
■a Held whieli Amerieim iihysieisls will sis'k to ciilli- 
vato with their Kuropeun hri'lhri'D, who have done alsuit 
all of the work thus far 

Thi-se hasty I'onsiderutiomi perhaps sulbee to show tile 
vani'il eliaiwler of the lines of uvideniH' that have lus'ii 
ilevelii|Hsl during the past three years to give Kii|i|Hirl 
to some form of iiiieleus atom. Ibvdiiuvetive idieiioiiu'iiu, 
X-ray nuliatiim ami ehemieal pro|M'rlies Beeiii to give 
united U'sUiiiim.v for it. Doiililless the limil lyin' of 
aPmi lias not yet been ileserilHsl, for it is easy to erilieis,. 
the views of Nicholiiun, of Uolir or any oilier wlio bus 
pniiMiiuMl a model, but it is pnibaiile llmt some form ot 
iiiieleiis atom will soon ris'civo geuenil ris.ogiuiion 

BehAvlor of iBcandeMent lampii 

I.v the clri'ular on fi'i's for lints Issiiisl hy the Hiin'iiu 
of HtniulnnlK tlm tollowliig fuels sre stiUisl Iu n'lnlloii 
to the lielmvlor ot tlic Ulms ot Inennileiui'iit iHinitH: 

operaljcil at cuiistaiit voltagu ImTcmu's Hllglilly In uiiiille- 
iwiwer for the Arsl .10 lioiirs. itiorc or less, iiisurdliig to 
Hie lriu|ieratuni nt whleh It Is liuriii'il. .1 sUitloniiry 
liurliHl Is HU'U reueliixl, after wlileli there Is u tirogrcs- 
slve limp Iu the ciiiHlleiKiwor. The Initial rise lu eaiidli'- 
l»wer Is line to n gnuliinl dccri'iisi. In the roslMlums' 
of tho Itluiueiil, while the sulisisiiieiit ileert'iise In cuiiUle- 
imvver Is ilue elilelly |o lilnekeiiliig. i.'Hiisi'iI hy u ileisisll 
ou Hie Inside of Hie luilli. 

This Is, III gi'iierul, Hh' Is-linvlor of nil liienmiesieiit 
filament Iiiiiiim, wliether cui'lsui, metiilllxisl nirlsm. Inii- 
tnluiu, or tniigHti'ii. Tlien'fore. In onler Unit a lnin|i 
mny be useful ns n pilot(Uaetrle sliiiiilnnl It should In' 
lurerully sphsoiksI hy n iirellnilnary huniliig siiltleli'iit 
to bring its reslstniiee to a slendy stnle. Iu order Ihiil 
It may not Ih> affected siibHeqiieiitly liy niiy slight over¬ 
voltage, the Inmp should In' wasoiusl nt a voltage sonii-- 
wbnt higher Hum thill nt which It Is to Im> iisexl ns ii 
ttandard. 


IMS). 

"F. loildp, Otaa. Mm, 107.97 (Fnbniary Wtb. 1913); JoArl. 

jwwtf.. i«v tm 09tn. 


■I F. Hoddy, "Thu KodtouloniiinU snd the A 
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Watching the Earth Revolve 

An Ai)|>aratus That Enables the Movements of the Earth to be Directly Studied 

By Arthur H. Compton 


h'oH IIKISI IIjc liK'l Hull Ihi- Him rlwvi In ilii- 

Wiiriiliiu, Irai'i'li Hlimly hitush llir nkj iiiiU w'Ih In IIm 
(■M.-IIIIIK In Hiilllrlriil i-vlili-iiiv Hull tin.' I'lirlli giii-H nrimiiil. 
(lur iiiiii-NUirH. liiiwi'wr, In-Hi'Viil tar tho HHinn r(>nHuii 
Hint I III' Hiiii mill iiiiNiii II ml Klnm nil ai'tiinll)’ iiinvi' 
niTOHn Hip nky while Uip l'KiIIi IlHiilf ntanilH hHII. In- 
iliH-iJ. thp Htti'iuiit of CiiiH'mlL'iiH mill Clalllpo to iIIhim-I 
IIiIh IiIpii, wllli'll HPi'iiii'il HO ovilli'iil nn to lM> nliUiMt 
iixliiiiinHi', wiiH tlio I'liiiHp of thi'lr liltliT iH'rHP(.'iillini. 
It Ih reiilly IiiiimihhIIiIp to prove ilolliiltply liy uioniis of 
otiHiTViilliiiiH on Hip liinvi'iily IiihIIi>h whotlirr the piirlli 
n'HlIy ri'VolVPH wlillo Hip Htum ri'iiiiilii llxpil or ivlipHipr 
II Ih Hip HliirN wlilili ri'inlvp iilioiit Hip pnrlh. Ktpii 
IliiHiKli WP iniiy Hlinw Hull Hii'hp IhhIIpm iin- iiiIIIIoiih or 
trIllloiiH Ilf iiiIIph fniiii oh, wp I'm! hHH PX|)luln Hipir 
npiHiroiit ilally motion by lipr'pliiK tlin oarlh at n-nt If 


itoml Iiniof lliiit tin- earth In iictually rerolvliig.’ Krnn 
hU px|icrliupiil, huwpvpr, illil not hIm>w tliat nil the ap- 
imrpiit motion of the ntam Hprom the boareua U due to 
Hip tiirnliiK of tlip portb. Mince a pendulum iwluia In 
n vprliinl plane. It la only the part of the earth’a rota¬ 
tion iilmiit a vprtlciil uxla which Foocault'u appurattu 
wiiH hIiIp to inpanurp. Mtitipixn) that tho pendulum la 
HPt u)i lit Hip iNilut O (riK. 2) on the earth’a anrtace. 
Il Ih pvldent tliat there will be manp rotation about 
tin' vpitipal nxlH OX, but thia will be Icwi rapid than 
Hip mlntlon iiImhiI an axln OP, imrallpl to Ibp PHrth’a 
uvIh. If tlip PHrIh liiniH nruiinil the axln O'/" once In 
k'l lioiini, tliPH' miKlit to In! n rotation alioiit a vcrllixil 
nxiM lit I’nriH, wIiohp latitude In 40 ilogrppN, iit the rate 
of oiipi> III HiMiiit .‘C liourH; and by mnaiiN of bin Piior- 
iiiouH iNUiilulum Kimpuiilt Mhnwrd tliat mii'h n rotation 


Um rotitloii about thoiip thrup aiea la meaanred, not 
ool/ the length of the day, but alno the potltloa of the 
true north nnd the Intltode van be cnlculnted, and tUi 
wholly Independent of aatnMiomb'nl obaermtloan. 

The earth rotation rlnf nhown In the photoenpha wan 
made for the purpoue meainrlnf theoe throe com- 
poneaU o< the earth'i rotetlon. The prlndpla on which 
thin apparaton works te comparatively nlmpla. Tho 
Inatmment conalnts ennontlally of a clrenlar tnbo filled 
with water and mounted on an axU In Its own piano, 
SH in Fig, 8. This apparatus Is set In a plaiw porpon- 
illpular to the axis OC, abont which the earth's rota¬ 
tion bi to be measured. It the rutstlon Is In the direc¬ 
tion Indicatrd by the solid arrowH, It will be seen tbat 
tho side A of the ring la moving toward the left rela- 
tivp to the other side, ami after the ring ban been staud- 






































SCIENTIFIC AMERICAN SUPPLEMENT Na2047 


axil 00 H wall u opoB tb* dlnenaluui of the ring. 
With Uie appantM heta dMcrlbed the motion wan 
ueoallr nbont w fait w that of the minute haiul of a 
watch, aud could eaally ba loen tbrongfa the mlctoecoiMt. 

Iha ring need In thaaa exvarlaanta was made ot 
Idnch toblng, bent Into a dnda a foot and a half In 
dlamater. Where the wlndowa were placed the tnbe 
wu cotutrieted aomewhat ao aa to Incnaae the reludtr 
of thtt'^ater which waa being watdted. The motion of 
the water whirh Ailed the tnbe waa made vlaible by 
almklng op witb ft a mlxtnre of coal oil and carbon 


meainirlng the effect due (u the vertical component of 
the eurtb’M rotation, uh In FlgH. A aiul II, no auch iwr- 
Ihiilar preiaiitlmw had to Im> taken. 

When lUe rliiR wne held In a vertUvil plBiie, an In 
Fig. 4, the oil kIuIiuIcii aiv nlwnyn neen to rtae on llie 
eaat aide of the tube and go down on the went aide, after 
the ring la reverae.! TIiIh Hhowa euuclualvely that the 
earth te lurutug over from Weal to KoaL StejUatly, If 
the ring la In a horixnntal plane, a motliai lu tho left 
la ulwaya otaiervcd, which, an we aaw aliove, Indlcalca 
a motion of the earth In a counter ehx-kwUe dlractlon 
alaait a vertical axla. It It an lutereatlng experiment 


Fig. 4_Watching the earth revolve. T 

rataa la In n eonntant temperatnre room ]ii 
above freeing point to avoid convection enrrei 
In the water. 

tetrachloride of llui Haine deualty ua water, w 
formed amall auapcndnl glolinIcM whoae motion 
oatlly vLrible through tho olMervIng mlcmacope. 
Older to avoid ainirioua mutlona One to differenci 
temperature In different iwrtlona of the tube, i 


'1 the globulea niovni JiihI uh fnat toward tlie right uh IIh 

■ bad moved la-fore lowuni the left. It Ih evident llu 

the H|ieetrume|er table waa then turning Imi-kwai 
twice HH fuHt, n-latlve to the earth, aa Ihc earth Ibv 
ileh VVHM taming forward. The aprctmaieter table wi 
n-HH turning at the rate of 1.3-ia tlniea ta-r day, whh-h iul-h 
la that the earth la tnrning about a vertical axla ut tl 
I In mte of 0.llT!t revulutionu i»r day. Since tin* rallo 

aD(> the rritatloD about Uda axla to that about OP w 


b of the day, accord- 
i'.! inlnuteN. 

.w- VUlUCH of (he Hxl- 
dh of the day with 




liarte of the experiment had to be performed with the airmidy known. It wna eaay to calculalc tl 
aiipamtna boxed up In a cold naan, aa lu Fig. 4, hut In of llie earth'a rotatton alaait Ita uxb) la I] 


The Kocpnel Permenmeter* 

Tna moving coll gal milometer and many other clec- 
trhal Inatnimcnla built on the name principle conalat 
eanontlnlly of a coll ot wire auaiicnded In a magnetic 
Aeld. Thin coll experlencoa a toniue which la propor¬ 
tional to the product of the current In the coll aud (he 
ciimponent of the nmgnellc Acid In the plane of the 
eolln. In the Inatrumenta JuHt menHoiied the magnetic 
Held la conatnnt and Ihc correul varlei. The doAectlan 
due to the torque tbua liecomee a meanun) of the cur¬ 
rent atrengtb. 

Inatoad of ualug a mnataiit magnetic Held, we may 
maintain a cuuatant electric current through tho mov¬ 
ing coll and line thla ayalem for the meaauronicnt of tho 
magnetic Add. If thin magnetic Aeld la due to an elec¬ 
tromagnet, the magnitude of the Acid dependo up<m the 
magnetomotive force applied and the material of the 
magnetic dmilt. An electromagnetic ayatem of thbi 
kind may therefore be made the IwhIn of an apparatua 
for the determliuifbMi of the magiH-tlc proiiertlea of Iron 
and ateel. 

HohliiMiii' hi the Klrrtriral WnrM of Feliruary 24th. 
te04, gave a complete dearrlptlim of ii permeameter 
hnaed on thla principle. However, lie had not actually 
built the liiatniment. 

Tliiw* daya later Kot-pael* ileta-rlhed liefon- n (li-rmiiii 
ciccinileehiilcal audaty aubalaiillnlly the name |il«-e uf 
niMaimttia, which he bad built and waa adiially iiNliig. 
TIiIm niipamtua, aa Inter Iniprovol by Kalh,* Ih widely 
iwcd, both III thla country nial ubnaid. It Im aouictlaicN 
eallcd Iho Blemena and llalakc penuMiinder, from the 
name ot the mamifiactarer. 

tlTllch* at the Hdchaonatalt determined a number of 
liyatereaU loopa with the Koepael.lDHtmnieiit and nlao 
liy the magnetomet e r mHhud, mdug cnipanldaf api«l- 
meiM for thU latter tent Ilia data ahow that at IihIuc- 
tlona ot 1B,(IOO gaiUKi the inatrnmont given valuea of 
the magnetliliif forea which are too high. All valuen 
of the coordve foree, aa obUlned by thla Inatmincnt, 
are greater than tbooe ot the magnetometer. The ahear- 
Ing enrvea differ tor different materialn. Bohr* com- 
parea hyatoreali data obtained by the Koepael P^^- 

• A brief •niDBiry ot Baltatln US. taaiwd by' the Boraau of 
atsndama, OmarlUnx an lavaatlaitloB nodi by Ctwrln W. 
Itnmiwa, AmucUU Pbyridit. 

' U T. BeUaton; "A Hediatd laitnimant foe tbe Detar- 
lalaMloB of B-a CuTvaa." glmfrlori WorM, S8. p, 189. »W>- 
nwry.atth, 1804. 

•A. Koopaeli Apeaiat nir BcatlmainBg te ma eae tla^ 

naa, R1 g, 18 p. 8M, April Iftb, 1884. 

•a Kith; R * a. U, pp. 411410, 18 M. 

•a OrhAi R V B„ If, pp. 801-804, 1088. 


UK-ti-r with tluit obtained by the watt-meter metbial mill 
HimIh tliBl the valiiCH of the Hlelnuietx coetlleleiit tbiiH 
iHitHliietl are In MUlmtantlal agreement 

JIiKh of tho ilata on the magnetic pniia-rlli-a of Iron 
and Htoel have been del«-rmliu><l with thla aiamrutUH. II 
HemuH, tlicrcfore, wi-11 worth while to give Iho Knci*«-I 
IK-ruicemeter n can-fill ex|icriro«>nlnl exiinilimlloii with 
a view to detenoliUiig Ita rellnblllt.v for line lu making 

Aa n reauU of tbe experlmcnta condudtal, the follow- 
lug nuH-luidona were drawn: 

Tlie Kooimel permeameter ban HevernI vnliinbic ebiir- 
ncterlHlh-M. It given direct reniUiiga of the magiietidiig 
forte ami tho magnetic IndnrUon, both for normal In- 
dudlon and for hyatereHla data. It la caay ot mniilpii- 
lotion and doea not require greater core than the naiial 
deAectlon inalnimeuta. It mieate Ha readlnga as coii- 
alatPDtly aa could la- denlred. The naidlnga nmy be very 
uaeful In Indlcatlug relative valuea of different uiate- 
riala or the dcgrei- of iiun-iiulformity of alnitlar mati-- 
rhila The tket tluit the observed viiliieM of tbe umg 
iietlxlug force may differ by aa much aa 100 per ci-iit 
from the true valuea diaai not dealroy the value of Ihls 
liiHtninieiit for (Hiriraaca of eominclaon. 

Fnim the i-ximrioieiital conaldenillon of the illffen-iil 
fiictom whk-li may nffeet the ucciirocy of the rindliigs 
llie foMowliig di-tnilod cniH-lusloiia were drawn; 

1. KeudliigH on llie two aldea of lha xero of tho lii- 
alriiuieiit may differ conaWeriibly, but the iiieaii of thi- 
lau vnluvN tliiia ubialni-d ahowa witbifiictury consialciiey 
on repetition. 

2: Hlioaring enrvea for different gnidea of materUI 
allow Ibnt the correction to be applied to the obaerred 
iiwgimllxlng force la not conatant for a glveu Inducllnn, 
hut depeiida upon the noinre of the teat specimen. Thla 
tsrrectbiii Is uHUally HUbtroedve for polnta below Ihi- 
kiioc uf the Induction ciirro and additive Air lailiils 
nlatve the knee. 

8. An Increaue in the emaa-acellnn of the teat aiax-l- 
mcii tenda to Inenaao the ohnerved valuea of tbe ung- 
iipllalng teroe for polnta below the knee of the Induction 
eiirve. and to decteaic the ohnerved value* for polnta 
nlHive Iho knee. 

, 4. The length ot the apeclmcn projecting beyond the 
yohea prodneen no nodcealiie effepf for polnta below the 
knee of Ihc Induction curve. For polnta aliove the knee 
the projecting ciida limrenae the olawrvi-d vnlne of the 
magneUalug force. 

D. If the bnablngi are not puabed nil the way Into 
their iiroper ponitkm. a higher ariparent value of Ike 
maguetlalng force la ohnerved, dno to the Increnaed 
length of the portion of the bnr nnder tnnL 

& Bjftnrenia hM|M obtained by the Koepncl permen 


iiM-li'r (iliv)i,vs sbiiw II low iilisiTV'eil n-skliial liiiliictiuii 
mill II htgli i4>si'rvisl na-ri-lvc fiirce. 

7, .1 tliiHiri-lk-Hl mill ex|a>rlnieiiljil alad.v uf the dlatrl- 
liutliiii of ihi- miigm-llc Anxea llirongh differeni parte of 
till- initgiictlc i-ln-nit shuwa thiit sbrarlng enrvea ut tbe 
fririii irfjw-rved arc lo lip exiKClml. 

If tbe inaiariilnH Is lo la- iiw-d fur the dotcrmlnation 
«l the iiIjmiIuIp vhIiii-h of the mngnellc quanUtles, It la 
iiK-csHary tn iipply a ciirrectbm to Ibe reading!. Since 
IIh- npimratUH rIvch i-titiNlHtHiil reaulla on repetition, the 
a bole error may be ebarged lo errera In (be eorrecthm 
O'- slieorlng curves. .\s Ihla Nhearliig curve varies with 
the dliui-liMlons and (iniillly ot tbe siieclmeii, It Is eaMii- 
tlul Hint sheariiiR i-iirves Is- pn-pnred fur eneh site and 
I|linllty of S|ieelmeii lo lie tented. With cxtreuio care 
mid the use of |irri|S'r shi-arlDg curves, (he apperetug la 
ciiluible of giving iiiiHiiilllve renulte within n per cent 
of the true valuo of the magnetliliig foree fur ■ given 
Induction. 

rneorveelwl hysti-resls data for liunl ati-ebi show 
viiliii'S of tin- rcsMiiiil liiiliiclliiii IhHl an- lisi amall; the 
i-rnir may bo iia great ns 10 iior pent VhIiiph olitalaed 
of Hie coercivo fom- iin- H>atemHtl<'iill,v tim large; the 
i-rror may be na ranch ns 40 per cent. 

Petroleum CondiUona in RuagU 

Tiik rriHirt of llic Hnltevl Htatm (Inologk-Hl Survey 
on till- I'nsliii-tkai of Pclrnleiim In lOI'l isiiitnins the 
folluwliig Htnteiiif'iil: 

The declining isimlllloii of (hr olili-r Itiis-iliiii iietrol- 
i-uiii InenlltloH iioImI In the pnivlnua n’lNiiis of tbbi serli-H 
ismilmiisl III mi.H. It was not isimis-iiMitisl by Im-rease 
III the ni'W districts, which Include l':iiiliii for tlie Arst 
Him- as a (simmerrlal faiior. The isilksik for the future 
of Itnssliin pnslui-tbsi Is brightemsi l>,i Hie proeia-ctlof 
vvlili-b bus progressed niplilly In tin- 11 rul-Caaplan 
region, north of Gurlef. The Aeld Is n-iii-hni liy nteam- 
i-vN III till- north Hbore of Mie Gasplmi Sen Almut thirty 
miles from the shore large wells have already been 
•-liLulia-d at Dossor, and pipe linCH arc laid tn (lurlef, 
where luinn-s can bo loaded and then towed up the 
Volga witlinut tho reloading which U necessary with 
shlpiiioiits from naku. Oil from Baku dcHtlncd for the 
Volga KIvrr trade arrives at Astraklmn In ateamen 
t<si deep for Hn- river and la then transferred to barges. 
MvpIoniUoii lu this Hral-Oasplaii Ai-ld bss been extend- 
isl ninny lulloa mirth ot the present devi-lii|imentN. Proa- 
IHH-tliig Is Impraetlcnblc In w1nt»-r, but In summer It can 
lie proaeouted with aucccon In aplte of the lack of water, 
the available snpitly of which la derived prliietisilly 
from snow scraped up In wliitor and Htoreil In pita. The 
liihnMtante of the region are nomads llrlng lo tanta. 
They nra peooafnl ood dtepcood to old oxploratlan. 
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The Economies of Home Lighting 

Facts and Fijyures on Various Systems, Past and Present 

By Reginald Trautachold 


KvuninfiDV Ih inU'n'hU'd in liKlitinK, for no nutUir 
liow liiiiiilili’ hiiiiiu may Iv. IikIiIiiik of wiinti (limariptloii 
in nin'iwinr.v. Tin' pnitcri'iu iiiiuli'm llm art of arliflalal 

ill.. Ih faiiiiliHr iii a Kciii'ral way to all, but it la 

\i>rv fiiiiwttiiiialiki whotlii'r many aru familiar with tho 
ihiiiioiiiii' uh|aru of Ihia pniffmM. Ta li((hlliiK boinc 
iiion.' pflli'icntly-roonnmirally—porformod than it waa 
fid yean nr imiro back? Havo the ponnomica of the mib- 
jih'l ki'til iMu-e with the gaiiia in ennvenienae and fa/iili- 
liiw, or liBMi theee advantaRca heen aenured only at in- 
cmaaeil coat of IightinR? 

To MTive at a Ingii-al undmlaiidiiiR of tho cWeienry 
of vanoiia ayatema of liRhtinR a lauiia of nompariaon ia 
nn-paaury. eallliiK for a unit of IIrIiI ineaauromcnt. Thu 
nToKiii/.ud unit ia a eaadlu-puwcr per hour—not tho 
ordinary uaiidln that la prucnrcd at onu'a RTorcr, but an 
arbitrary unit, ortfuially the light unuttud hy a eper- 
mai'fti uandln huming 1211 Kr.iina per hour, known aa the 
Itriliah atandard i-andln, but later modified to the “In- 
lumational (htndle" whiuli emita aliRhtly leaa light than 
the lliitiah nandli'. In the daya when tho knruantui nil 
lamp was about the Iwat avallalilii anume of light, the 
uiuidlu-iiawpr waa not the li'rm in which it waa ruatoniary 
for tliu houanktaiimr to meaauni illumination, the muaaure 
III tlioan daya waa far nioro apt to bo tho lenglli of time 
lluila flvn gallon ran of oil would laal. It waa not until 
the adronl of the rlrntrlo light that the term nandlo- 
pnwer name into general iiae, The Iti randlu-pownr 
iiii'niideaeunt olei-trir light hulli—the Ifi randlr-powor 
Kdiaiin - then boramn the imimlur muaMiirH of <Him|iarlaun, 
lint tiiia, by the way, la far leaa ruliahle than the live gal¬ 
lon oil ran mroauri', for a Id I'andlr-iaiwor elwtrir light 
liiilh does not emit 1(1 rnndl(>-iaiwor, rarely oxer 12 and 
fnaiiirnlly luwr 10. Tlir Hvr gallon oil ran ia raiwblu 
of giving out 4,ri00 raiidlr-lKiwrr, If woetr ran In' rllnii- 
iiaUal, and with any run' al all the liwara from a 11 vr gal¬ 
lon ran alioiilil Ih' very miirli Iraa (hall 'i (|iiarlH, an dial 
(hr ll\u gallon oil iiiraaiirr for liglil larrally inon>aia>umtc 
and ri'llnblr than a niraaurr Imard on llir lighting raimrily 
of an oidiiMiry rarlain lllaniriil rlia l rir bulb (hr roininon 
(y|M> of rlnUriu light taken at (la niliiig. The hoiiar- 
k«‘|H<r ia laiw fuiniliur with (hr term randli'-iaiwrr, but ia 
olmoat na inin'h in llir dark aa fonii<<rly oa In iu trim 
mraiiing. 

A uandle-powor ia really ani'h a amall iinil (.list a 
laimiuriion of lighting noata liearil on it, though arirlili- 
Itrally intoTHaling, faila to impn-aa any but the laainoiiiial. 
Homti oonurele and larger iiiiil preanila farta ao inurli 
mom fopnibly and rlrarly. Kor iiiatuuiH', the lawt of 
lighting a ainall rollage or llul for u .vi-ur forma a very 
murh mom iinderatandahln iiiiii|ianHiiii. Taking (hr 
average year in and year out, aiirh an ealahllabmcnt- - 
if the hall light is turned down low, the kiteben light ex¬ 
tinguished when the laat diah of the day has la'en waalind 
and put away and all Ihu other little laainomiea that ore 
inaiated U|ain liy the eaniful lioiiaekia-piir would hum 
an equivalent of almul 101) raudlr-puwer houra each 
day, or 110,001) nojidlo-pownr during the year, illumina¬ 
tion tliat would not be very exoeasivu for one fairly large 

Tn the days of the kerosene lamp, the flvu gallon oil 
can would havo to lie replenished every two weoka or ao. 
in aurh an eatahliahnienl, for aluut I2.'i gnlloiia of krnn 
sene would bo eonaiiimsl diiniig llm yi«ar. Not to exi-oed 
Ihw anioiml, lliu oil wiiiikl luive bi lie handled with great 
eaie—axoiding unmannsary waaUi—and the various 
lamps supplied at sll times with elean elenr glaaa eliimnoys 
and ho devoid of all sueh light abaorhing ilevieea as sliadea. 
Hiieh uoatlraelive lnjU|M would ahis-k the artistic eensii 
of even tho m<wl frugal hniiwholder, and the house- 
kei’imr would insist upon tlio uae of shades for must, if 
not all, of the Uuii|m. and I Ida, exen if diaerimination 
was UMOil to employ only fairly transparent shades, 
xxould m(«n ahnni two more tHUngs of the live gallon 
ran during tho year. In days that liaxu past, kumsuiie 
was eheaiier than it is now, lint if a fair oomparlsau of 
the cost of lamp lighting is to be made with more modnm 
lighting systems the averagu price of lamp oil to-day - 
alniit 12 rents per gallon- -must be considered. If the 
original cost of tho lamps be disregarded, the malnlen- 
aneo expenses for ohimitcys, wicks and so forth be over¬ 
looked, ss well as that for the labor entailed in oleoalng, 
rcflUiiig anil earing for the lampt, the yearly oost of lamp 
lighting would bo, if shades wen not employed, about 
•l.'iOU a year, or, with shades, about S17.00. TUe 
Uttar Qguro may then he token ae about the yearly eoet 
of kerosene lamp lighting for on eetaMishmont requiring 
110.0(XI eaiidlo-power 

leer einec “olty gas " Ural rame into geaeni use for 
Ightiqg, the type of burner mjst •enmenly sinplayed 


has lK>on the urdlnoiy open Up (“teh tali") burner, 
emitting e fan-like flame. Sueh a buniar hoa a lighting 
oapaeity of about 20 candle-power, ud to obtain 110,000 
(tandle-puwor about 27,000 eubio feet of goe would have 
tu be burned, or at tout paid tor, oa there is bound to be 
a certain unavoidable leakage. This quantity would 
demand the uee of uniboded lights only, for shodea 
would, os in (he cose of oil tamps, lead to extra expense. 
Though shades ora not deemed os necessary fur gas os 
for oU lamps, some such extra exponso, tor the mice of 
“looks,” would surety be inoumd. ao another 3,000 
culiio feet of gas would be a oonservative amount to odd; 
Olid this would mean, at the avenge prieo of “oily gaa,” 
about <1.00 per thoueond eulde feet, a lighting bill of 130. 

By substituting the more elconly and oonvenient gas 
fur oil lamps, the annual lighting charge would be very 
nearly doubled. The dlllerenoe hi eoet of the two sys¬ 
tems would go a long way toward paying for broken 
lamp chimneys, new wieks and to leoompense tho huuse- 
kecisir fur the extra work onialled in oaring for tho lompe. 
Civilization waa not to be denied, however, so the houso- 
keepon were flnoUy prevailed upon to rvallni the wisdum 
of spending naoriy twine the money they hod htwn oo- 



cuatumod to spend for ligbtiiig for the privilege of evading 
Mime irksome and, it must be admitted, some disagree- 
able work. 

Whether the thriftineiei of some good housewives and 
their disiiieliiiation to abandon the more economical 
systom of lighting for the more convenient was the eouso, 
or natural pnigress. It wmi not very long before tho 
WuIsImu'Ii hurmxr was developed. The flret of thoee 
hutuors, oud that still most generally eneounteied, was 
of tho upright type, consisting of a mantel of sueh fragile 
material, unfortunatoly, that a protoeting ohimney Is 
nuneesar)'. This burner Is very much more economical 
in the minsumption of goe thou the open tip burner for 
Ilia same fllumination, consuming only about oua-thlrd 
os much gas. The annii^ oost of niumlnation—110,000 
candle-power—would then be. with “city gaa” at 114)0 
per thousand onblc feet, aboutfll0.00, lenh than two-thirds 
os much 01 that of oil lamp Ugfating. Unfortunately, the 
full hannflta of tUe lyitem id Hating have never been 
nwUsed and probably naver will be. The full value 
of light ii not properly earn (uehended and the temptation 
lit using more ligU a^ ilfll more le too great for the ma¬ 
jority to reaiet, portisularly when Uttle or no men efbit 
ie neoceeaiy to MSunUoad theextnxmgaiMe only be- 
comni appinnt when the light bin ta preeented hr pay- 
nient. When the liglit faffl b emoller than it wm toraindy 
—open tip buneri probably having preeaded the Wele- 
booha -it la still mors (UiB^t to reoUie that eeoaoiny 
in the uae nf ll^t hoe not been wbot it ehoqld. In on 
eetobUahmsnt whart Wstahoehi eon be iwed, provWoii 
b aleo adequate for open gie tip bnratce, oo that if the 
same eeonemy b to be obewed in the nee of UiM only 
the oqulTirieat of oi»4Ucd m nwy Webhaehe ehoold 
bg Mid M open tip twn w p . Itr •mMoqr, itif mf 


tain burnert iu (he eetaUbhment should be generally 
used ud (he uee of all otben prohtUtod; but ahmys 
some of (heea forbidden bnrnwi on so oeaveidMitiy 
loeotod that the good roeolntione an not kqX. Still 
onodier reawm for foilute to reoliia the fuU qppno- 
mles of the Weleboeh b that (be monUb or* Br^e 
and liable to deetnietion and the ehlmneye wffl break 
or otank; lo that unkta a eupply of extra mantob and 
ohlmneye b kept oa hand, a tempoiary return to the (swn 
tip bumen baoomea nsnnmeiy, with the aenompeaying 
ennsumption of three times the amount of gda, if the nme 
degree of tnumlnathm b to be leeured. The Ughtbig 
bni whoa employing upright Wabbaohe ta, tharafnre, 
very mueh more likely to be about «204)0 (baa SiaOO. 
Even at 120.00 per yew, the saving of the Webboeh 
syitem would mean the outting down of the gia bill for 
open tip burnen to two-thirds, less than OO^psr sent moro 
expensive than lighting by lamp. 

The niwight Webboeh b not the most qiering In the 
use of gas, however. The Inverted Webboeh nualel 
being even more oeoaomioal, due to the more elMeat 
mixing of gas and sir before it b ignited. Thta type of 
burner eoneumea but about one-flfth aa mneb gas oa 
does tile npen th> hunter, wo that, it its fuU aeoaomk 
value could be realised, tho expense for 110,000 eoadlo- 
power would be but MiOO. The some drawbacks that 
prevent the roallxatlou of the full value of the upright 
Welsboeh apply with equal force to the more effleient 
inviwtod burner, lo that it b doubtful if their uee would 
out the oannil gas bill mueh below $104)0 or II74X). 
At sueh rato, oil the boneflta end odvontegM of gas 
llld>ting may be gilnod and many of the dtaodvantegoi 
of the oil lamp evaded, with a lighting hill no greater 
than that required for the use of oil lamps. 

Dtaodvaatagee that ore poaaeased by gas lighting h 
well 08 by kerosene bmps ore that mntalios or other 
means of ignltiim ore roquired; while giving ont light 
they also give out tmnsiderahle heat; and they eoneume 
tnneb of the oxygon of tho air while burning, a decided 
disadvantage in the present hygMa age. These db- 
edvontogm have mode poasihls the great Inroads of 
l•l<lctrinity into the donuUn iif lighting. For dennestie 
purpoBOS the incandescent olootrio bulb b almost uni- 
x'ersolly need, and, until recent years, tbb msent the 
rommon owbon flUmont bmp -the Edison bmp. These 
bmpa ere mode in various sixes, oopabb of emitting a 
deflnite amount of light—tbo usual raUd caadlo-power 
iMiing 10 and multiples nf 10. The avenge oonsump- 
tlon of eleotrioal energy by sueh bmps, with obor gflais 
bulbs, b very close to tour end oii»’tbird watte for each 
ariwU eondlo-puwer, so that for 110,000 oandle-power 
elwut 470 bTuwatts (1 kibwott •• 14X10 watts) would 
be requited. As some shades or frosted bulbs would 
very ^babljr be used in any private i^ieitnient or honsu, 
a mute conservative figure would be SOO kUowatte. Al 
10 oents per kilowatt—the avenge rate oharged by eleo- 
tris light ooraponies for sueh small oraounte of onneat— 
tbb would moke a lighting UD of about SfiO.OO a yew, 
002/3 per eent more expensive than gas lifting whh 
open tip bmuen and newly three times eiqMneive as 
lifting by kerosene bmps. Derided advontogea ora 
rcoUiod by sueh a syitem of lighting, It b true, but only 
at the eoet of oonddenbb expense. 

In the bitfewyean thore have been put on the mwkut 
several rieolrio light bulbs that ore vety mueh more 
enonomical In the eonsumption of rieetrMty than 
carbon flbmeiit bulbe—bulbs in triiieh the oorfaon fllt^ 
msDt b nplooed by fins wine of a motel that beemaai 
ineandeMentmonwiflythuitheflwbonflhiQent. nmm 
bulbo, known under vurious trade noniM, lueh oa “Tiing> 
■tan” and “Moado,” oonaaniB but shout one and one- 
third watte for eotdi oofuri eondbitower, instead of 
newly fear and one-tiidrd aa do tin ewbon Ament 
bulba. Naturally, thsM man sBrianl,bulbs fftolly 
reduM the dost of flariria ftfUfag, lo that by their aaa 
the Ughttag MB fa^'lt04X)0 eondb^owfr b nduoid to 
flpm’ ffiOiOQ to $174iPL very gloeo to the nmoimt that 
would be rwinired fee mew^ tim awno amoant of light 
horn oa bi^ nde b about the btmt (Uw in the 
wny of rioetofe lUhtlag and at tho pneonl Omo otomrt 
bo very mooh boAwed mdem tho ptloo of riootririty tan 
bohno^tbolow 10 oento par kllaiWKtt. 

It b aurloM to note that «di odvanu in Ow w( of 
Ughtmg, iatroditoripti of» nun oanvonioBt ihd H miT'U 
emininl more olBrinrt oyeteim hM erea t ed » Tuy m$to- 

rinl taertotota the ooMof UthtitcathabTy jnymtntFM 

demiaded lor eoeh added eoitTatihw)»; Md propim 
hnprovMBant in the vaekMi Hghlint eyelime hainHyut 


been nnoble to btobr the enstbl. Ni^ 

teoMM ol haaF 
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Mac aboat b dUfault to aiy, iMt It wm In aD probobUi- 
tN ba a marM Nduotloa In Um sort of elaetrio llchtinc, 

tha ooBvaabBoat. Hfety and brebiilo advutaaos of 
whbh 0«tam bbIm It rapMlor to all oUkoi. 

It b a waD known and generally admitted fact, that 
it wnaU ba qnlta poadblo to uae "dty gaa," at iU prowint 
pfbo, in a gaa engine by whioh a lighting dynamo oould 
ba drlTsa and supply ounent well under half the prim 
now bang ehaqtsd for alaeliielty by the bige publio 
tarfiea now pa n t ea. 8ueh praotioe would be entirely out 
of the vntKon fo* each individual habitation, or any 
bat a taqa aolablkdinant, on aosount of. the eompan- 
ttvaly U|dt aort of initial InstalUtion and the Impumlbnity 
of nMfftag tha n n osirt i y attendanoe at anv i^oe oom* 
BMMBato with tha ralua of the ebstrioal output. Such 


a aohomo would be quite feasible, buwnver, for a group 
of ooDsunuwe or a nummiinity In which the demand for 
light was fairly unifiirm and oonetant, but even under 
such favorable oonditiune the experiment would hardly 
bo a wiee one, as etill mnrv economical rosults oould bo 
obtained through Iho umo of oil onginea in place of a gas 
engine nparaling on "oily gaii.” 

At the pmeent prim itf konweno, the fuel expense for 
an oil engine ueing «i«h pownr medium would be but 
about 2 nenle per kilowatt olmtrical output, or. If erude 
or fuel oil wae used, this would ho cut doom to 1 eont, 
or ion, for each kilowatt delivered by tho elootrio light 
dynamo. Klnotrio light rates onmmoniurate with suoh 
fuel expenses oould only be roaliiod in nasos whera the 
demands for numnt worn pretty uniform ami ramsiant 


during certain fixed hours of the day and no ourront re- 
quirod during the balanee of the twenty-four—the reason 
that the puMIe servioe oompaoies find It neoenary to 
oharge siinh an apparontly exorbitant rate as 10 cents 
per kilowatt. This will ncoessltate eomparativsly small 
communal lighting plants operated on a co-operative 
hasis, fur only by such means can tho true economy of the 
efllricnt, oonveniont and alloguUicir desirable eleotrio 
light ho fUmiihod to the puhlin at a price anywhere 
near that which the cost of prodiiotion should oom- 

Tliii future souroo of light may again be from the "oil 
■‘an,” blit Instead of bur^ng tliii oil, as in the old days, 
the more ofllaiont method of exploding it in an engine will 
Ihi nwiirted to. 


Science and the Tariff 

Di’licato Apparatus Employed in Determining Castoms Duties 

By Dr. K. E. I‘ickn ll 

Bm few people are awaru that eoienis. is a valiialile same saniiilo in an atmoaplum) wlieni lliu thorm..mi‘Ur manliini. kmiwii as the Kn-as i.livtni-comlili.ining oven, 

anrirtaat to •‘Unolo Ham" in the cnforcemnnl of llie tariff n-ails (W ileg. Fahr. and the hygnnncler nioonls 1)7 iht The uven is built of heavy llrciinsif aslswloe wool, 

lam In aaooftainlng the duties on imimricil merubanilim, cent, and lU weight would 1 m< incmusisl by lai.or. with ■•liamlM.r Him 12 inches by 12 inches by 12 inchm. 

Mtd tlw ApplioAtiun of iivory now Uriff ih iiuin* irrulim. wliinh in iMiiitvKtMit bt a yum iiuiulH^r of /iT.-l. Two hiiiuII rliidrir liKlitH uro pluiiHl in thf uppor innidr 
dopendont on science. How many iMTwins nalixe, Tim uiiiistnm eonUnit would lsi I2I.II.''> - Ill7..'l:«, or lt.42 ••oriient i.l the r-liamlmr. anil can la-turned on or off by 

when they purchase an artielo made wholly, or in grains, ahicli n-prusenUHl in ptrccniagc of the dry cot- a swiP-li-bultoii on ilii‘ front of the oven above ilie 

part, e# Imported oottmi yam. or cloth, that the UniUsl ton eontained in tho sample, Ih 1:MI. It is therefore, Himr. One of llie lights is eoiitiiiuous, ami wtvos as 

StatM Qovommont, in' ooUeoting tho duties on that (|iiile aiipamnl that a few degniu in h-inperatum and a a sounm of iMiiininalion fer tlic oven, and tho other is 

artlele, took Into oonsidcwatlon tho fact that cotton variation in the relalivo humidity has an aiipriH-ialile iiiu<rmilU<nt, and iuiheates tint making and breaking 

yam and cloth an hygroscopin, and the amount of efftsd upon the weight of cotton yam.anil yarniiumlMT. of the ninlm-l of the hi'ot mgiilalor. 

moistuie they eontoin is dependent U|wn the tsmi- If, on tho day of Importation iif a luusigumeiil of To I'xpcdiln tho ilryiug, the eireidalion of histed air 

psntura and relative humidity of the atmosphere? ixitUin yarn into the port of New York, the thurmnmeUT snpplietl to tho oven is artificially ailjuslod by mi»ns of 

But few have a knowledgo that In tho odminlslretion rogislcnvl 711 degrees and tho hygnimolor mlurned a a fan situated in tlii' imek of the eliamber, and driven 

of the ootton soheduls of the tariff oe-t of tletober Hd, reading of 46 per oent, its yorii numiM-r, os asecrtaineil, hy a l/lfi horse-jMiwcr motor, shunt wound, with a sptsvl 

1013, tha U. S. Treasury Deparlmont has taken into would h«v 6121, and tho mcreliaodise, lu-eordingl.v, elassi- of J,1(S), and a vollnge of 110. f’ompiple ventilation, 

oonridecation the moisture content of ootton yam and (hsl lunhT imragmph 2.'’i0 of the tanff wt ns isillou U> get rid of tin* moistur<> fnnn the Hiilistaiiee licing driisl, 

^•Brlo. fiehedulo I (otherwise known os the cotton yarn exetHiding fiOs to 7l)s at 23H P«r <‘ent >nf enfonm. is ohlainisl liy two openings, or vents, one on ■■a<ih side 

sohednle) of this net provides for cotton yarn and folirio But, provided tlm tem|)eraturu and hiimidily hml Is-en of Urn bank of llie oven next to the liotUim; llii’so open- 

at aa od sofersM rate of duty and ustabllshtn tho lines 6H degrees and 07 |ier oimt, respoetivtdy, tlu« yam num- mgs eau bt< elosisl, or ]>artmlly elosod, hy means of motal 

of dsmoikations of tha vanous nlassi6catinn8, aeoerding bor would msiessarily have lioen A7.4, ami in the elossi- plates which 6t over tho o|s<niiigs, and are readily luraod. 

(0 the yam number. Acation of the imiiortatioa, a rate of duly of 20 pc‘r The heating elemi'nl, which is wuimd with a high beal- 

lu ths aioertalnment of tho yam number the weight eont ad valnrem would have boon assesMsI as for cotton resisting wire, is siliial)«l in tho botloin of the chamber 

of the yam, or cloth. Is one of the prinoipol factors. Tho yam excetsling 40s to Stts. To avoid Uiose differeno'S of nndemi'ath a fire-clay platj‘ which contains numerous 

moixtuK eontent, therefore, bears an important relation olassineation and assessment of oustoms duties on cotton holes for transmission of heat. Tho regulation device 

to the weight. Mid consequently to tlio yam number, yam m<I eloth, duo to variations in tlie atmosphi>ri<‘ is filled in a sepnnilo isimimrtinent made entindy of 

The qoMtlty of moirtun cotton eloth or yam oontains conditions, tho Treasury Department has dralared that motal, and Ucalisl ulsive the ehamher. Its m-tion de- 

dspends upon the temperature and relative humidity of “whenever the weight it found within 5 |H>r oent of Its ponds on the expaiision of the meial tiil>c Ihnmgh the 

the atmoqihere. As in illustratloa, let ui take a mmplo given oquivnleol weight in tho table it will be noRossary nhamIsT, operating a lever, which makes and breaks a 

of 840 yards of ootton yam, which undiir atmospherio to make furtbcT trials of at least four samples, and if the contact, with projH-r means to prevent arcing. The 

oondltioai of 70 deg. Fab. temperature and 66 per eont avernge weight is again found to bo under .6 per eont, Hie lever is extended to istvc as an milirator, operating up 

relative humidity, weighs 116.67 groins. Tho yom sample must be oonditimiod; that is, dried to Imne dry- and down a gnMliiaUsl wale on the outside of tho oven, 

nomber o( this sample la 60, for a No. 1 ootton yam ness, and a regain of per cent added bank.” The indn-atur is inovisl to the desired lemperaloro by 

is a yam 840 yards of which, under these atmospheric Bono dryness of tho cotton .vara, or eloth, is a con- simply turning the knob screw at the bottom of the aoale. 

oo n dlti oa a, wd^ 1 pound, or 7,000 grains, and a No. dition in whioh all moistura is expollod, and this is only The oven Is also provided with a ilouble window (mica 
60 ootton yam weighs 1/60 of 7,000 grains, or 110.07 soeomplishod by dryness Ui a cunstMt weight in a oir- on inside aud glass nn outsnle). with dnip shiold, on the 

grains. In this sunple the proportion of moiatuni to culatlng aUnnsphore at a tompi-rataro of 110 ileg. (lent, si'h’ the nvon. so os to permit operator to manipulate 

dry eotton is as 8H parts to 100 ports, or 9.14 grains to Tho regain of 8 per oent. oildtsl to the bone-dry weight the Imrixontal rod with fasbmod hook for removing Md 

107J13 grains. would give the weight of the ootton yam, or doth, as mtiiniuig iiaskcls fn>m earrior to connecting rwl alloehcd 

Hnpiiai this sample for a suffloient peglod of time to if it had bouo subjoeted to on atmospheric eondltion of to one ami of the halanne. 

an atmosphere of 73 deg. Fahr. Md 46 per oent relaUvo 70 deg. Fahr. temperature and 66 per cent humidity. To Ihi' Uip of the choniher is fastened a four-armed 

humidity, and it would weigh 114.10 grains. Its yam In order to determine seeumtoly the iwne-dry weight, horiwnilal melnl frame. At tlie end of each arm is at- 
numbst would be 7,000 divided hy 114.10, or 61.3. Tho the Treasury Department has riwDOy inslaUed in the tarhe.1 a small pulley, and on thisw pidleys moves an 

midstureeontentwouldbell4.1U~107.63,ur6.fi6gialnB, United Htatos Ciistoms Isvbotatory. AppraisiT's Wan<- i-ndless ehain, siinilar Iji a bn-yele I'hain. Tills chain is 

nipIvniiUlU O.IO per eent of the dry ootton. iloee the liousc, 641 WasbiiigtoP Btrwt, Now York, a type of a niuvwl bv a toollied wlnsl on the side of tho clisnilier, 

which, in lium, is innvisl hy a thiimb-serrw on the out¬ 
side of the oven. Ten melal hiKiks are suspended frvini 
the chain, and to Ihi'sn arc swung ten melal mesh baskets, 
each of which is fi I'eiitimelerK in depth hy 4 cenlimotora 
in diametor. By llie aid of the Ihumli-screw, the carrier 
nan he lumixl, so as In bring the luukcts into position 
under the lialani’i- to Iw wuighisl within the uven. 

On lop of thi' nvon is an analytical balance of 100 
gTHinmcH caiiaeily and l/IO milligmmmi' sensibility, 
one arm of winch is altaelied to a connecting md which 
imssiHi tlimiigh an orifice inUi the ovim. Hy turning the 
liiirixiiiilal nnl which traverses the mar of llie chambi'r, 
the liaskets ■•an 1 ki removed fnim the earner and at- 

toehed Ui Hi.. rwl whieli [lassis into tho 

Inlanee. Hy moving llie (wrrler lhi‘ Intskets can con- 
seciilivi'ly Ir‘ hniiighi into position and attached to the 
conins-Ung md. All the liaskeU are ailjustcsl so lliat they 
wingli till' same, and am ispuil to the counterisilHo which 
is suspended fmm the oilier Mm of the bianco. 

In the oonilitioning of the samples of yams and fabrics 
weighing 1,000 grains ami less, this oven imissossos the 
following features that am superior to other nmdltionlng 
ovens, Isilh cleetric and gas, that am now used in the 
U‘xtih< trade; (I) It occupies a small s|iace, about thmi 
foot squam; (2) a ounslanl lemperalum within 1 deg. 
Coni, scale can bo maintained; (.1) ten soinplea iwn bo 
conditioned at one timr; (4) an Molytical halanco witli a 
maximum load of 100 grammes anil 1/11) milligramme 
Urt Bfii It 4aa tfHwrtli hsras-paw sr sMtar enBMt«4 by ■ beB with tb« ha scnsihiliiy can he uwhI for weighiug the samples witlun 

wfeM mtMilM ■ clrcriMlRi MaMphM wttUa Uw trea. the oveu. 
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The "Ylkterle Laiee” wu forao-lr ■ Zeppelin pnieenger nlrnhlp, bol le now a war craTt attaehH to the German nary, haowa aa^LZ-IL” She waa eaaplatad 
la 1911, i« 4U feet loni, with a gaa capacity of 994,990 cnbk feet. 


Tlie rurwanl rnr centa propelllBe eoclen, the pilot, tod obnereera. The nor cet eloo cairlie prapeUne eaglMe end toclDN for loppljt^ electric Ughtlae. Theee cue art co a aeeted 
hr a KiniirHy with the ceotrel eahln, which hai a conelderable eairrlBii capacity, neee Tcaacla oaually tneel at a balfht of 8.000 feat, to areld aatt-alroaft euna. flie eraattat 
helfbt reached hj a SSappella It 10,400 ftet, and It raqallad an konr to reach that elaratlon. 


An Airship in the Field* 

A Personal Narrative from a Gorman Observer 


“Op Til iiiiw till- niriihip lininch ii( Uic [( 1 ^ 1 ^ 11 ] iiiili- 
lary aerviini liae bie>n particularly Hilont iiiiiivTiiiiiif Hu 
duliiga, but there it nu doubt that it will |M.-rfurin a tn>- 
niondoua work apainat the enemy. There ia pood gruuiid 
for belief in the effentivenwa of thia weapon, in which— 
even our onemiea aeknowliMlpo It—Oerman energy and 
Ihotoughneaa have aurpaaaod all opponenU. Although 
England and ftuaaia oompletely, and the Kronoh in a 
alightly leaanr form, denied the utility of Ihean air- 
crulaem, nlaimiiig that they eould («aily lie put out of 
action, yet to-ilay they undouhledly tail over the liuea 
and fortreaaw of tlie enemy. In epiU- of their al*« and 
the alowncta of their fliglit tliey are li>i»i viilnemlile tlian 
Iho aeroplanee, let'ante even many hi(e and the low of 
aeveral people doee mil ewentially damage liie great air- 
thip unlera iiinler exeeptionai einuinmlaneeH. 

"The account of a long piurney waa n-labMl li> a (ler- 
man alnhip offieer to an Aiiatnan reporter at tlie lime 
of the Brat great liaKle 1111 Politli griiund. 'We were IM 
houra on the way, doing TOO kilnmi<t«ra, of whieh filKI 
kilometeni waa over tlie enemy’t laiuitlry. It waa alill 
dark when iny man woke me in the nioriiiiig. In an 
laiur'a lime we had aighted H - , while ti houra later 
we onaiaoil the ftunlior. Wo went at 2,0UII meliTa. 
llaeiiabailiuwo lay outllnod bolow ua; tho Warta twiated 
in lla manhy iiourae among tho hilla. Fur 100 kilometera 
we followed the railway to Kiolec, and aaw aoldiera mareh- 
iug along half of the diatanco undur ut who were either 
Hutaiana or Aiwtriana. We threw down friendl^ greel- 
inga and turned Ui the iiorth-caat, the railway tliowing 
ut the way. 'Tlie forla of Ivangiinal lay like hiiwII four- 
ourncred ouhoa round the fortreaa; we turned awa,v from 
I Lem. The hnighla of Radoni were eniwdeii with aol- 
diera. 1^ waa obvioua that the Kuaaiaiia wen' in alning 
foree and were preponvl to receive the enemy. 

" 'Our apiMiaranee oreatnl huge exeiU-iiient among 
the great gray palehet below, wliieh were tlie regiinenla; 

•Thit nanwUn and the aeonniianyliig Ulualralhuu arc ilartvod 
from The apAcrc. Loodon. 


IlMiuaaudH of wlilte giin|Niwder ainoke eaini' punilig, only 
viallile hy tile U'lixeupe. Near laiblin there wraa Bring 
fniin large inaatea of InaiiM, who itovered the whole level 
plain to the hontuii. Hiiuth-eaal of Lublin Infantry 
waa forming, quite viaible though amall, with artiUery 
in front. The amoke from tho cannon toUnd Itaelf Into 
a ball, and for the fint timo wo heard through the nolao 
oi our own motor tho dobmalMn, thou^ very faint and 
far oft. I waa In the lawk gondola; it Bounded Uko the 
nipping of ono'o knueklea againal a wall. Thon, again, 
rii^t undor my foot, the bultota hit but recoiled horm- 
leaaly from the metal oovotlng of the gondola. Thon a 
bullet went by my ear, into the outor oovering of the 
balloon wliieh tiling over our heads like a gigantic ailver 
root, Ixirod a liny hole in it, ripped a atrip of the inner 
lining, and hiel itaelf in the hydrogen. 

“‘Hullel now fidkiwed fact on bullet; we miuntod 
tweiily-Bve hila, twenly>Bve bolca Ibroiigli which the 
gas eoeapud, alwi the ahella came neonr, a aplinter fell 
in our gondola Uku a atone. A tolegraph moange came 
from tho front gondola, “Full apeodi” All four mutura 
dnive. Thon oamo the order to |>ak>h wluit needed 
inleliing. Swinging lielwwin heaven and earth wo ne 
paired what waa pmadblo to repair. Aa the aun waa 
ainking we landed among the vanguard of our frienda, 
gave our report, joumoyed on again, and ended In the 
Aualrian headquarton.' 

"Hu much for tho informalion-galhorlng journey. 
Originally the idea hod been to eauae deatruotlon to 
fortlBid plooea, but now it liae alao Uien found poaalble 
to be uaeful ogainat the armies in tlie field. Aa to iU 
elfeet on towna, we know a great deal from actual 
wilneasee in the bombonlod towna. Ijege, Namur, and 
Antwerp were the Brat towns to make wquointanoe with 
the fear of the air, and undoubtedly the moral Impreamon 
of Ihenn viRiU haatoned tho summder iif all theee towns.” 

A cltiaeo of Antwerp rdatea the following; “I was 
awakened at 1 o’clock by the tromumlnus humming id a 
motor. It came from above. I opened tho window 


and Maw to Itin hoiiUi over tlie railway atation a glgaotio 
being, which threw a alream of light on the town. Thon 
followed a nuiiie like muffied belU and a olap of thunder. 
Again a stream of light, and two aeeonda lator a sound 
ai If taro goods wagunn had eraihed against one anotiier 
with lerriflo foree. Then followed, thimdolng frmn the 
guni of the forts, rifle-fire, ami between them the homht 
of the Oerman atnhipe. The inhabltaDta all streamed 
Into the BtreelM, men, women, and children, in their 
night clothia, WMidering from one nomer to amithcr, 
maiking safely, for at first the people Ihooidit the bom¬ 
bardment of the city had begun. 

“That waa tho lieginning. HiuM then tiie mithodi 
and the weapons of the aiishipe have bM( ififMparUy 
perfncUal till tho early work aecma play 

oiunpan>d with tho dmtruotive power of the preamt 
weapoiiB. For example, at the visit over Ostond, while 
it waa Htill in the hands of the Rngliah, the piojeetilna 
produced frightful dualnielion. Tt woe,’ ao writes the 
Antwerp UrirofoU, 'a quarter to twelve at nhdit, while 
Ostond lay in tho deopeat darkneaa, that a telephonio 
message fnmi Thouruut informed the oonunandant that 
a Zeppelin was paaaliig In the direoMon of Oftend, and 
a few minulea later one eould hear the featfnl hnm of its 
engines, 2U) meters above the roofs.' (Tho wltnem waa 
iloeeivcd ovor the real flying height of the airship, hut 
the night la naturally not good for aueb oboervationa.) 

"The Zeppelin turned ito searnhllght on the tea ooaat, 
tlien took the direction of the railw^r station, and loon 
four fearful detonatiDns tore the stUlnea of the ni^t. 
The mtizen guard of Ohont, who were oooupyhig the 
■latiOD, fired twine with the guns, but with the awlfbiem 
of the wind the airship disappear^ into the night The 
first bomb had torn a hole in the Bois de Boulogne more 
than 32 foot In eireumferenoe and lA feet deep. The 
others had pnduoed Toataatio deatruotlpn' near the 
BUtion, but bod not actually hit it. fitted out with 
more maohlns guns the ZqipcUna ore alao unpleasant 
opponento for the boopa.” 



iinil daiimHk Is (lie elfeet of a vryatallliatloii, pnsliiced 
by retiinliil eonllnn of the heated metal; yet, not hav¬ 
ing Hie iiHuiiiR of prodiK-lug n dsoiHHk eipinl to tbe 
nneleiit eiirk of AaiH, they iTiiiiuit eHtHbllidi Ibis ground; 
nltlHiiiRli they have before tlieir eyeii the laws of cryatul- 
llaHtlou dleeoverod by llie nilnerakigkit llady. 

If erystalllBatlon generally la but the iranlt of the 
HlnKtiire of bodlc^ under certain physical connldem- 
tlons, tbe qnentkm follows, wherefore In tbe damagk In 
It not the rsnult of n atmllar cause; and as common nteel 
iiequlm no visible damisk hy gradnal refrlgmtloa, la 
lint tills a iMiDVIncInc proof that the eompoaltlon of 
ilsmiisk dllTets from that of ordlndry iteelT If chemical 
iiniilyHiM fiillM III dlKviver that dUferenoe, we can only 
inni'Iiiile Hint It niiNweia not Ita end. The resesrclMB 
Ilf iiielnlliirgbits nnd of artlflcaia, who have bean at 
iviliiM III iiiHke the dnninaka, and to Inform themselTes 
III Hie unelcDt art, bavo made no deidslvs progrsaa. I 
bare neen no damask of aaperlor qnallty wrought In 
Europe; and that which has been writteu upon the 
Hiihjeel gives no sulficleut light; for I have fan^ In no 
treatise upon the damaak any pravirfoii tbr parfactiiic 
the iteeL Thna, on oua hand, tba Impwtoetlea dt our 


i-liomlcal knowledge, and on the other, the dlAculty of 
fiibrkaHng Uie dumnak, leave Buropeons atlll in nucer- 
tuliily as to Its nierlta. Many aclenUlle luen, rolyliig 
ii|ion ebemkal nnalyalii, rrfnae cradence to the anpertor 
ilualltiea of tlie damaak; while amateurs, who have any 
kiHJwlodgn of tlie fubjeyt, set oa great value upon It ■■ 
do the peotile of the East and willingly pay CflO and 
upwards for the beet itoiMafc blade. 

Time out of mind the damaak boa been naed In Aata; 
and to thla day It haa loet nothing In pHoe. Hevwtbo- 
leea, tbe Orientala, although Jem adrancad In knowledge 
than onreelvea, conld uot be deceived throughout tho 
courae of agea. upon the merlta of objects porrfiaeed 
only at a very Mgb prlco. 

All steel wbkh exhlUts a surface figured with dark 
lines la called damn*. 

Ta Boaie of the varlona klnda of ataai tliaaa figaiaa 
appear Inuncdlatel/ after bonashlng; while In others 
dlinte add is necemary to bring them out The Jnleaa 
of plnnU and ordinary vinegar ramca tor thU iOmL 
Tho proeem of brluglng out the flgurea of atoH li called 
comsloii. 

The du 


which appenn 












HtiM-l In vorjr rarknui narertbeleM, thU daiuiiMeu doea 
lint aliiiw iiinfsT upon ataci tbe tltlo of damaak; on 
onlliuiry atool, almllar flfiirea luuy be brought out by 
Hubjwtlng It to corroalou, after bavlug dealgnad upou 
It tiH* Ogiu«i roqulreil; but wlutteTer pallia may tie 
iHkmi to inake aocb r aa om ble geaulue damaak, the eye 
of H cunnolMeur eaally detecta the counterfeit witliout 
eiamlnlng the quality of the matfd. llenco haa arlaoii 
Ihe epithet of “falaa damaak." 

A BeooDd kind of damaak eahibita alao an iirtlflclal 
damaacone, which, uevertbeleaa. la peculiar to the uietnl 
Itaolf, ao that, bow oftenaoavar It la rcpollabeii, the aauie 
flgura wlU reappear whonerer It la aubjected to corro- 
bIou. Thla damaak la kDowu oa "artiflclal domaok." 
It la compoeed of aeveral aorta of ateel Interlaid with 
Iron, Tlie bmiity of mtcb danmak In varluiia, and con- 
alata partly Ih the quality of the oereral inaterlalii, 
iMrtly hi tha aklU wlih which they nro worked together. 
Tlmw arHflelal danniHkii are clilefly wrought In Aaln - 
ria., India, Turkey, Oeorgliij bnl the aKIIIvlul ilauioaka 
of Eurufic have attained aa yet no great reimliitlon, be- 
canoe the Kuropoan workman arc more Intent iqion 
praduclug olegiint llgurca on the atccI thnn In hnpror- 
Ing the metiil Itaolf. Thua the artificial daoiaaka, ai 
thoae of Snllnger niid Kllngenlhal, although oxhlbltlng 
tlie damaoceue, bnve not the figuroe characterlatlc of 
Huperlnr metal. 

In fine, whatever may be tbe beauty of artiflclal 
damaaha, tbey will not boar comiwrlaon with good 
natnral domaaka, for, If fllad, tbe damuaceue doea not 


reappear. 

Tba natural damaaka of Aaln differ from tlie artllh'lel 
lu tbe reappenrance of their Inimitable and (ao to 
a|ieak) innate damaa<nne, aa well aa by tlw faculty 
of reprodnclng tbe aame dainaacrnc after hiivlng been 
tiled. If the conatltaent pnrilcica romnlu iinrliaiigeil. 

In Aala we obaerre many klnda of daninrit. Tbe dlf- 
forenoe between tb«n depemla upon tbe plaree In which 
llioy have been wrought, tbe manner of their fabric, and 
(lie varloni qnalltiea of tbe material. Thoae moat In 
uae arc known by tbe nnuiea of Dahnn. Kara Paban, 
KIwniaBaun, Kara Kboruaaaun, Oniidy, Konm Qnndy, 
Ncurla, and Bebauni (Syria). 

Tlia Orlentah Judge of tin goodiicaa of tlie damaak 
by Ita flfurca, by tbe color of tbe groniul (llait la, Ihc 
Intervale between the lignred Ilnep), nnd by tbe play 
of eolora. They conaldrr the Daban and Kbomaanuii 
(to the latter they aonietlmea add Kara or blnek) to be 
IlKi iKWt blodcB. Tbe Bebaum la the leeat eatoemcil. 
Tbe conatent experience of many yaera oaonrei me that 
the mark! npmi which the Orientali fomid thair Judg¬ 
ment of the foodneM of tbe damaak on a more certain 
erlterion of the tme qaeiny of the metal than nil tlie 
tceta to which It la aobjected In Rnrope. 

Aa above atatad, the flrnt and moat eaoentlol aign of 
the damaak la Ita daumacene. In proporthni na It la 
thick, deflned. fautaotte, In the aanic ppiportlon la tlw 
qnollty of tha metal flue. The tbickeat damooenne la 
abnat tba olae of tha notaa «f mnslc, tbe middling na 
larfa U ordinary print, and tbe flneat la that which 
we can Jnat follow with the naked eye. Aa to the 
method of raragnlahig tlw qnallty of damn* liy Ita 
Hgnieo, and lo the reaitpcannca of tha damoacene, al- 
tboodh Uwy depend npen Invariable lawa. It wort eoaler 
to itag n Mot IT Movtai thui hr ibmc dMortpOoB. 


Never!iH'kw, It iiioy not lie uacicaa here to add certain 
(llrc<-tluiia upon tlw Hiibjm, which tire not fuiinilcil iiiaiii 
liriicticc niunc, but proved by tlw procom I ciuplo.v In 

I tic rubric of damaak. 

I.lke written cbaractcm, the damaacone oinalHU of 
laduta, of right Ilnea, end curvoe, which eervo to dla- 
tingulah Ilia quality of tlie damaak, aa followa; 

1. The damaacono formed prlncIptiHy of rigbt Ilnea, 
ulmoat parallel, donotea the lowcat quality of the 
damaak. 

2. When the right Ilnea become aliorier, and nro 
partly replaual by corveo. they denote a better qualllT 
than tbe flrat 

3. When the Ilnea are Interrupted, abow poliila, and 
wlien tbe dlmenaloua of tbe enrvee Increnae, tbis li atlll 

II better aymptom. 

4. WIhmi the luierrupled lluca la-come atlll ahorter, 
or rather, when they change to poliila, aa they liiiTeuHe 

III iiuitiber, ao na lo form In the breadth of tb<- ateci 
iK-re aud there, na It wore, nela, Intorllnkctl by tlireiida 
nlib'b undulate In dlverae dlrtwtlona from one net to 
the other. In thla caae tbe damaak niHironclioii iieifec- 
tliin. 

Klually, when the net* oiien farther to form Qgiirca 
reaeiiilillng grapei, or when tbey m-cupy tlio entire 
hmidtli of tbe etecl, and partake It In nearly equal 
nrtlciilatloiia. In that caae the dniiiBBk nioy be recog- 
iilaed aa of the higheat poaatble quality. 

.Aimllier feature by which Ihc quality of ihiiiinik may 
lie iiiiilcratood la tbe hue of Ita gnnind. Tlie ili-eiicr tlie 
tint, llie more perfect the metal. The grouiiil of the 
(Iniiiaak may he gray, brown, or black. 

A third feature la Ibe piny of eolora upon the nictnl, 
nlii-n Ita aiirface le aulijcctcil to an ohlhpie light In 
ohacrvlng many tima, wc iieni-Ivc tlinl aome niiHiiig 
them ahnw no iiirlatloii of lint, while olhera take n 
crlinaon or a gulden line. The more iM-rceptllilc thla 
play of eolora, tin* fllier Ihc iiniillty of the diiiiiNak. Nev- 
crllialciw, thla teat la adi-cied hy Ihc di-proi- of n.rro- 
alon. When the cornwloii la very great the piny of 
color la not obaerved. No arl can produce the red 
Imp npon Inferior dnmnak. Therefore, tin* diiiiiiiHk may 
Iw divided liipi two dlMInct elaiwcH—via, tlmt whieli 
haa Ihe red hue, and that which wnnia It. 

Wlicii tin* three chamclcra iibmc iiolcl arc found In 
union mid nt their maxlniiim. we iiiiiy •■oiilldenlly pni- 
iiiHiuce the damaak to bo of Ihe iiiohI iierfl-i-t kind, 
whieli will in no cnee fall of tlie followhig qiinlllli-a: 

I’orfcet malleability and dro-llllty. The hardi-nt |aia- 
aible aubetance after tempering. Tin- kecnent and 
armeet pomlble edge. And elaallrity. when propi-rlv 
tempered. 

The other damaaka pomeaa varlonn ilegrei-a of per¬ 
fection, Hci-ordlng to the three almvMiiiincil qnalltiea 
are more or leiw remarkable. 

Aiimiig ilainnaka of Inferior qnalliy iinij he foiiiiil 
aoine Inferior to caat ateel of medium iimillty: hut It N 
not know n that the beat inal ateel miiy niiiqmre with 
tlie niiwt daiiinak. OonqiBnillic proofa have eomliiiiil 
me Hint the diiiiinak otfera the lilglicat powalhle iierfee- 
thni of aleel, and tlie relatlniia we reei-lve from tlnim- 
wlm liave vlalted JepHn, the Iiidlea. Perain, nml Turkey 
are mil ao exaggerated na iimiiy aupiawe. A wel1-t.-m- 
iwred naber of gootl damaak will imally never honea, 
lit» waii^ and Um moat fllmay ko-diM aa It floati la 


the iilr. Hill I iiiiiNt licg li-iiie lu doiilH the iw-oiildllly 
of la-rfiiniiliig Hlmilnr fciila with nlmlliir ciihc with 
Kiiroia-iiii hliidca, hiii-Ii iih tioau of Kllgcnlhiil, na we 
are amun-U lu ii liile pnhllciiilou; for I am iici-Hiiuilcd 
that the liliiiica of Kllgcutbal, of Solliigcii, na well na 
rlioM- of Klntimale, of aliiillnr Icuqier to gooil ihimnak, 
ciiimot la- coiiijaired with the liilter, wlictlior In i-tlgo, 
III wdidlty, or In elnatlclly. 

Tbo eiupluyiiiuiit of dniiiiialt might, I think, be ux- 
teuded with iidviiiitngc mit only to the fabric uf anna, 
hill III general to every ateel article requiring edge or 
aoIhUty. 

NOTB BV CArr. ABiaiT. 

So far Col. Anoiwiiir, a man wboae reaean-liwi In 
thla depnrtiiiout of ai‘Jence have enabled him to revive 
tin- iintiirnl damaak In a degree of perfection which 1 
have iii-vi-r oliaervinl In the workmaiiahlp even of tin* 
iMii'leiitK, nml which cerliiluly i-Himol ho npproncimd hy 
fiihrli-a of any Knatcrii iiiiHnn nt preaent oxlalliig. 

Thla, II will lie alhmi-il, la very high aullmrlty; llie 
iiiiin- i-HiaN-Inll.t im Ihc Itiiaalnii collccthma etiillilt prol> 
iihly II greater variety of dnnmakn Ihmi thoae of any 
iillH-r Kiinqieiiii niitlon. And lo illlTer In any point 
with Hiii-h an nutlmrlty may not only acein invaumjc 
tiiona, but Diny nbanlulcly liianri* the rejection of uiy 
iililnlona iia futile. .Neverllielcan, na I have taken upon 
mo lo n-priut hla viiluiihle reniarka In n work of ray 
own. It Bi-eniH liiriiiiilieiit uiHin mo to add to tliein aoiiie 
of till- rcaiilta of my own cxpcrlpnci*. 

The hliiilc known In Khoniaannn iih iKn Khoriiaaniinh- 
hliiiln liiiH II \(-r,\ dark line, heirnying a ateel highly enr- 
IkiiiIkciI. Tin- flgnrca of Ita (linnimi-ciic lire very ciirl- 
(iMH. and I di-aimlr of giving iiiiy illBlInrt Idea of them 
» IllH-iir tlie Mill of pintea. 

1. The kind h-iiet ealeeini-d Ih a light gray, having a 
gniiiiiliileil Hiirfiii'i-, Hie hjmiIh of wlileh are rather long 
III llii- (iiiirm- of Hie meliil. Thla kind la alao foiged 
lit l.iilHire and HInico. 

2. The aecond kind Iiiih n figuring of cnnrm- dark 
Ilnea u|imi ii griiy gnniiul, Hii-ao lliii-a cxhIlilHiig flgnrcw 
iiliiKiHl pna-lhcly almllar In llic gnilii nf n yniing oak, 
nla-ii Hii- nlillipii- a,a-Hon Inia |inHBi-d near Hn- l■elllcr of 
Ihi- Iri-e. 

.1. A Hilnl liiia Hn- anine grii.v gnninil nml ihirK, Ir- 

illaiHaaal In iinm-nlrli- tigiiii'a. Inil liiiie riiHii-r Hn- 
iipiH-nniinv of llaaiii-H of wile, niiinliig Inlu every a-r 
|h>nlliie hIiii|H-. 

im- liner, nml Hn- tlgiirca nmn- iinlforni In Hu-lr Irn-g- 
iiliirlly. furnilng hnimigcncoua iiinam-a, an lo aix-nk. Thla 
Ih the kiml inoHt highly eateeiiied hy tbe peo|ila of 
KhoriiMvinn II viirlea greatly In la-nnty nml valire, 
and limy la- piireliiiai-d at from tn to fMIO 

R. A nrtli kind i-xIilhItH n M-rli-H nf artlriiliitlniiN, nf 
whirh I hiiM- laiiiiiteil Hilrl.-i als In ii aword-liliide. 
Thi'ai- nrlli'iiliiHoiia, or kiiota, nrc formed hy denai- 
iiiilHaea of iii-iirly pimillel Ilnea, dla|aw<>d leiigHiwIae 111 
Hie lilHde; Hn- iiiiiHai-a niiinliig Into one Hiiolhcr. At 
Ihe Jiiiii'lloii lln-y are cxi-caalvcly flue. On turning tln- 
liladc. It will bi* found Mini each Jniirtlon on tlic oiii- 
ahli- mirnwiHUula with Hie la-nti-r of a iniiaH on the other; 
a proof tiuit IIm* lilmli- liiid la-eii fanned of Iwo dln- 
tliict lamina* welded tiqcetlier, and a Htn-iig pnwiiinptlon 
that the aiHeuUtloiia are ertlfldal, eiid that tbe Jane- 
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lloiiH uro iiiimldorcd bj tlie workmiiii us tlin wink polntu 
Ilf llie stml. TIiIh 1h cn-tulnly Ihu inout bi-iiuLirul vari¬ 
ety of Kbiirniituiuilii blnilu; but I hiivo not ohucrvod 
thiit It In 00 blglily eolnuiHnl hh ibr finer kbiilH of tin- 
forogoliiR variety. It viirleH Kreiitly In iinnllty, Ibo 
fliHwl lliiiw (b'notlni; Ibnt wbicli Ik iiiiiHlilorcil biwt. 

AH thinn bliulin, «bin nlteiitlvely ■HTiiMnlnil, will 
In> foiinil to piiHKiKK II W1IIII ibiwii the bui-k, lietruylag 
the weldlilR of the ilniible plnle of wlileh tliey lire eoin- 
IKweil. None iif llieiii ikikwhm iiiiy ebiHlIrlty. TiK-y 
Will either break Hbnrt, like i-iinI Iivjii, nr Ik'IiiI like 
lesil. I hn\e uever ntiHerveil In IIh- liner klnilH iiiiy 
RUperlorlty In cilRe over tlie eliietli' lilinle of lleminny; 
bill tlie luferlnr kind, Im-Iiii! often iimi-e hlubly leiniMrod, 
nrc keener uiiil lery brlllle. Tlieir bIui|h‘ In h slinple 
nnit often nbrupt wedue, the very worst hIiiI|im for 
cullInR, nwlnc to Hie irM'iit frletlnn whleli the llpn of 
Hie wound exert hikiii the eldeK. Their tlRnre Is too 
eniohed for dofcniie. They nrc not esteeineil unlcM 
n eat can wnik nnder Hie iurve wlien plMeed odw* up- 
niinlN nil llio eertli: nelllier In thin i1eim>e nf enrve 
Niillleleiil In ennfer irnuL viiliie, iinlexK It Ik- elvRiiiit In 
IlH KriiibillniiH The edBe In Renenilly nbtiiHC. iinil 
HeeiiiH fiirineil rnlluT In hear the Rliix-k with nrmnr nnd 
nllh nllior liliiileK, tiuin In eiil deep. The lirendth Is 
Neldnin itrent, but they nre lldek nt the l«iek. and 
nlnnys III-ikiIhikI. The best lire fmiii iRriihiinn; but 
I linderHtiind tbiil llio art Ik iiIiiiohI IohI, eion there. 
TIk* licKt 1 have ever Been I bore iih ii pnw'iil from the 
KIiik lit KhnnrlNin In Ibe Kin|H>nir nf lliiasln. Its 
ernund was n RmylKli uxiire, In nlileli tlie IIims were 
iiiimt. dellentely trneeil In soniewbiil darker dye. It 
niiH not nrtleiiinted. The hm-k lind ii ronrse ocani 
llimiucliniit IlK extent, wlileli hud hei'n no lin|H-rfectIy 
neliled thnl the blowH of tin- Kiixxiiiik elnlis o|ienad 
II. 'nils seatn l». I think, liivnrlnhle In the finer Ish- 
fiihniinle hlndes. I believe the ohjeet nf It Is to Ik) 
twnfnUI. In Hie first plsee. to biive ns Inrse n snrfnee 
IIS iNWsIble purified by the netinn of the linninier; nnd. 
•NKiindly, h,v dniihlliiK linek Hie plate, to seenn- nn 
nine free from wiry lairtleles. The blade In qnesUoii 
had very lltlle elnstlelty I have never seen s Kliorua- 
ssiinle saber pointed with a double edae. It Is true 
that tlie blade la too ernnked In lie used In tbnistlna; 
.vel I have seim nnmnsnis bbides isinally eroiiked, tiMt 
hud tlie dniihle-edRed point. 

'I'lie daggers nf Khoriissuiin nrc sninesliiit dlffepenl 
In wilier nr dninnsi'eiir from Hie ouhers of that ennntry; 
greiiler eiire seems to lime b«><'n inkeii In the process 
Tlie lines npon tliein run Into the most dellente nnd 
lierfei-t spirals nnd iiilinile enn-es. Their apiieiirnnis', 
I shonid say, offers shiindnnt evidence nf their being 
forged of mixed nietnls; probably they are bundles nf 
s'lres, of spiral forms, welded together In a mass They 
nre gonernlly of the most elegnnt figures, sehVini doiihle- 
eilgeil, probably from the supersllHoii against Ibis flgiin- 
prevalent nt Rlilvn, where the donble-eilged dugger Is 
rellglonsly disused, beesuse rioseln, tlie son of .Ml, was 


slain with H doublfredged knife. The point Is gsnenllir 
trlnugulnr nnd tatiering, serving wall to forco tho links 
of ebnio unnor, which was once eomUMner than nt 
liresont. They bave, however, s doublo-edgod dagger 
called Khunjn, whleh Is worn In Persis, nltbongh the 
IMxiplu being Hhvcelis, ure iw much inora lotoreetod In 
the fate of lluasiin and Ilooelo. 

One of the |s-cnllariUes obeervable In nil good Kbur- 
UHsnunlo bludra Is tiint towiird the mlgn the hoc of 
Hie steel Inereuses In depth, betraying more otroiigly the 
firoscncc of enrbon: n fnet whleh proven thnt a mixture 
of inelalH was eroployol In thh apeelea of dnmank, the 
hiiriler illa|iueed toward the edge of tlie blade, the 
bws brttlle at ttm hiiek, with tho view to combine tho 
greiHest keennose of edge with teiiorlty to reslat con- 
cuHMinus. 

Ill ciol. Anoswiira Oriental nomenclature ocenr aeveral 
iinnieH iinkmiwn, I think. In Ehorannun and India; 
tor liMtnnee, llabiin Qiindy and Neurli. Tlpon these 
I i-nii, nf course, offer no reinsrfca. But with reepeet 
lo Hie hliide of Rehntim, I know not how tile Tartars 
dwelling III IluHstn may apply the epllhet, but Its reol 
mill iirigliuil meaning Is tlie Made of Daniancna; a dty 
which hns given name to all oteel fabrlca exhibiting 
ii|Hm tlielr snrfsco wlmt Is termed water. It In true 
llwt Hip arl of dnmniieenlng acemn In tho presaiit day 
lo In- loHl III llniiiaocua, and the blades forged In Hyrln 
may, thiTefore, deserva tlie eontomptiiniia eatlmato 
whleh dm Turbirs of Ituosla seem to entertiilii tor them. 
But there enn be little doubt that of nil watered blades 
Hm) nninaseas blade was the most (lorfect, and tlie 
only lilnde of this deserlptlon, anetenlly forged, thnt 
bad any elnstlelty. I confess I have never met with 
III) elnslle Dnmaociig Made; bnt there seems b> be niif- 
llclent evidence thnt the ancient fabric was elastic. We 
n-sd nn absurd neeount of a Ibimnscus Mniltt, niqier- 
luliilng to the eelebrnted Knilph Hnroon ool Rnnheed, 
so elustle, thnt the monarch usually carried It colled 
lip like n wntehspring In his turban, and trnvelers give 
froriiienl testimony to Its elnstlelty. As few Aslalle 
swonis nre flexible, the Men could not luive entered 
Hie mind nf nt) Asiatic wllhout snmo foundation In 
flirt. And ns Rluropesu travelers would naturally, 
ufter the fashion of ttirir iieople, lest any sword bronght 
for examination by lieiiding It they could seorcely 
have fallen Into error ns to tho elasticity of these 

A blade tiuit wns In my possession, eosentlally dif¬ 
ferent fnmi those nf Khornmaun and Indln tn flgurn 
and lexliire, nnd wrought In Rgypt, probably by Ryrinn 
workmen, extilblled Hie most exqnlilte water, and an 
islge Unit I have uever seen eqnalled; but nltbongh 
mil hrlltlc. It wns iinelnrtle. Its strnctupo could scarcely 
Is* iillrlbiilcd lo the nntiirnl nirangemcnt nf fiber of the 
sled In the peneess of erystnlllmtlon. I Imre no doubt 
thnt the blade of Ibimuspiis was of this ebnracter, 
Hioiigli probnbly In tho present fabric Iron hns been 
siilwtltnled for wfl steel, nnd thns the elnstlelty Is lost 


It U to bo otearved that meh M|i<M an gMMMIg •» 
loualve ts to roodor ehvMlaliy a oattar tt UtOa «o- 
meat, aa Umy will not ahlrw la aay emiiiaMlOiii nd 
acarcaly any force to whleb a aabar la UaMa win au- 
terially Impair their stralghtoM IlNir oolM li a 
veiy pale amin. Tbd itteaka an dritcata^ ilipnltj 
waved, aad curved, much taintar than to the Khsna- 
Hun bladea, and appear to-ba broaiht oat wltboat aid 
of adds, by the mere action of tho a t tno ^ lie t ai MMto 
lug that I have soon approaehea la btaaty to Unm 
blades, or In fitianem and koanana of odto, Tho paopio 
of Kbinuaana tsna them KMo. that to BBV- 
tlun, and bellovt that they will aarer ateeL TbO ktog- 
doms of Hgypt and Syria having tor aomo ttoM htan 
under one role, I havo little doobt that whatarer art 
of damaacenlng ranalai to dttaar land win at pr ew ul 
be found at Alaxandria and Oalio. 

11m Btroakod damadt, apoken of In Ool. tnonlTi 
lumnolr, I have not noUcod, becenae I do not «pimnIt« 
It to deserve the title, being n wretched Imitation of 
the Khoromian blade. 

Tbo RusshiD damask, cm the coulrary, dlocovered by 
my friend Ool. Auoeaoir, In natotal. It la a pocallar 
mmllflcatlnn of cast atari, by which It la Impcame d wlto 
n pismllar rhnnieter In its crystalllaatiaa. Whleh 
iictcT betrays Itself when the corrosion of adds, by 
ni'Hng imiro violently between the IntmHcsa of tbo 
slnictiire Hiaii eloowberc, trncca oot the nrrangenMnt 
of Hio erystala This property Is commiinlcated to the 
ibiniusk of KIntouet by a process, tendUig to perfart 
Ibe i)iiallty of the steel, and to Inipreon upan coot eteel 
Ibe elustle propcrtlon of n softer material. The general 
fniilt of Rnroponn hinibw In that being torgad of dhear 
H|(K-I fur the sake of elnstlelty, they are srarroly sna- 
cepHblo of the keen edgo whleh enot steel will asRuna. 
Tlie gi‘»liiH of Anoonoff hns triumphed over this ob- 
Jisiliin, not In hurdcnlng tbe nft steel, but In giving 
elnstlelty to the biirtl; nud It may be donbted whether 
nny fubrle In the wnrid can compete with tost of Zto- 
tm«t In Hie production of weapons eomhlnlng In an 
oquiil degree edge nnd elnstlelty. The sratar of this 
variety of dnmndt reoemblea moot tlwt of No. B of my 
list above. It la a oureemlon nt nmall bundlos of nlmoat 
parallel linen, accnpylng the whole breadth of tho Undo, 
the ends of the bundles ertswlng and mingling at the 
point of Junction. T have called them nearly pnrnllel 
lines, becaase snch they arc to miporfld^I o^pomtlQn. 
'file; ore. however, n series of mlnote cii'rves, forming 
together lines disposed In Imndles artlcnlated together, 
nod dividing the length of the weapon Into many 
sections. They linve not the regnlar artkmlatlon of tbe 
nrlleninted Kbonmaimle blade, but tbdr IIimb an te- 
flnltely finer. T hare seen ocvaral, wMeb ware con¬ 
demned for Insufllelent temper, aobmltted to the action 
of Hie engine by which tb^ are broken. Tba Nadea 
were bent double and bark again aereral tlmei ere they 
eonlil he divided. The red hue obeerred open danunk 
blades T have neon only on those of Qatooet 


The Reaction of the Planets Upon the Sun—II* 

Influence of the Earth and a Study of Sun Spots 

Hy P. Piiineiix, Meiiilier of the Antninonicr at the Paris OliBerv'atory 

('mielinled from Scikntikii: AuamcAN Ruiti.i«mknt No. 2040, Page 187, March 20, 1016 


Tnisn-siill is in u way lisi iH-niilifiil. Wi- linil Iiu|hsI 
III flnil Hilly a small inlluem-e anil we lliiil >ine so ileeiili'il 
that lllero M litile nsiin lull for I lie oilier pluiieln. Ao- 
i-ordingly. ihwIi lias lHs<n jiisllv iiiuile for other iiruufs. 
We may, for inslani'e, uomiain--- 

(l) Only the nroas, in the eiwl uml wisit halves, of Hie 
groii|>s of long life wliieh have Isk'ii isimplelel.v fiilloweil 
uenisK tho disk. Here, again, wilboiit exin-ption. for 
all synunetriiwf pairs of xnnes, tlie mlvantoge reiimiiis 
with the uoatoro luUf uf the disk. 

tai Wo may retain only tho gruii|w of long life sivii 
in morn than two suooosslve rutalinns. noglenting tho 
first and lost ap|M«r»Detn, kis-plng only the iDtormodiste 
appearanisw. It is iivldenl that in this way lui appeor- 
iimsi nan lie omittMl or flelltious dlsappeanuine be re- 
gisleml. Oespite these safeguards, the eastern purlieu 
Hi ill nitoiiiH its advantage lu the proportion of 10 parts 
in KIU. 

i:l) Wo may substituU- for the spot statistios those 
ubtailwd from the proliihcraneeK observed on tbe eest 
ami west limlw and wie if the prutuberauees show the 
some inequalities in a>-tivity oa du tho spots at tho limb 



The |inituls<ranees, we have x«in, follow miini or lew 
eliiMily the solar oy.-lo in their development. But the 
iiii'tlHKls of filmirvaliim for the protulieranees is qnito 
dilTenint tlmii for Hie spots. Mrs. Maunder found no 
suftleiently nimpli-U' and honHigeneous M-riiis of observor 
lions of the protuberam-es fur the interval 1881) to 1001, 
wliioli her spot statislinH eovt-rod. The studies of lUeeo 
at ("atanla, however, cover well the Interval between tho 
Ust twn spot maxima. Uiagrami mode from this data 
show that from IMKt to IWKI, during Him dnereaio In 
spot numbers, the eastern limb bad nn the average more 
protuherauees than on the western limb. Tim oppooite 
eonditinn held from 10(10 tn lOIM, but after tho spot maxl- 
muin was .vaehed in 1005 tbe eastern limb ogMu regained 
Its Meendency. On tho average, the eastern limb main* 
tamed a superiority of 1 Vi 30, h<M constant and lew 
marked than in the case of the spots, hut In the same 

Deslondmi has rooently pointtsl out a dmimstaaou 
whii-h may nmder the protuberanMs more eaafly vkriUa 
on tho east than on the weal Isinler. Tbe nn, wbieh 
wo have reason to beUeve is electrified at Ito nifaea, 
must hy lu rotation create a magnerie field. The very 
mobile protuberances would be disturbed by tUi flold 
NO as to lie bent st their upper part in the tUreedia of 
the rotation. An oheerver wmiM then not he in aa toi- 
IwtUI poaltiun ratotivo to the two Bmba of tba swi. 


He will sou better thu onmoming jirotulwrannea whicli 
would be bent toward him than the disappearing ones 
which would he bent away. This hypothwl* oceiM to 
be confirmed by the detormatluni and volodtlea of tlM 
protuhonances. 

A obnllar explanation ia nut oo ouy in the eoae of tba 
spots. Is order that they may be men easily vhdbie 
on the eastern thaa on the western Umb, we may suppooe 
that they ore followBd. bnt not preoedod, to tbelr goml 
rotation by some kind of a okiud. Raeb apotwoxddthen 
have ha rioud, oUowliif the spot to be leea oi it 
ptaoehad but hid man aad more oa It dopairtod. 

This explaaathm Is oot very convtoetaqf. In order 
that tUb riond have an appnaiable effeot upoB « rwt 
•pot It would have to be at quite on elevadon, and tt is 
dUBeult to lee how it would eseape dfawrvatloB at tbe 
border of the nm. Its influence would not be Mt 
exespt toward tbe ends et the spot’s tzoarit, aad wo hwe 
sent that tho toequoUtlea are noted to tbe mom wase 
in on pain uf lynmietriBal aones. 

(4) Thera tonoljia one uon tect wUeh «• moot aoi 
nagleet. Wo toold abt pretend that the earth ahtoa has 
swA ta btflueoee npoo tbs nra. It it ia eileethto Aon 
tbe Dtbar pioaeU amt be; laid tbert kgo aMManlly 
riiree, JiipHer, Uetoary. tad Vemii, wUeb rimwU be 
even mnte cilbe^vp, Rdir ega we awoni ooflHwt to 
tbbntotlarr 
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UUAM8M Of cm nw ombstuu. 

Hi* snUm had ulrMdjr b«ea aUMked long ago by 
Da la Bua, Balfoor Stawart, Banjamin Loewy. artnmo- 
wm Bl tba Kew Obaarrwtoiy. (Prtt, /tog. See., ]). 
SKk 1871). Aa tlw ehaT a tka ii naaar ralated to but a 
tWT a( the ran at a tima, it waa oonridend neemary 
at tha alart to daiacmliM and My to eUndnate tbe in- 
JhHaoa wUalt tha poaitloii of tha obaarver on the earth 
ni^'lian. Tlia two followiiig aoadnaloiu leaulted 
hnv tha paaliiiilaary ** *ff "*nat^* ^ * 

(a) Upon tha bamiepluM vtaiUe fioni the earth the 
laaaaamoaoDpiadby tha apota inareaaea aa tha dktanoe 
OB eithar aide of the eentral meridian ineraaaea. 

9) The apotted aorfaaa on the average la greater on 
tha waatem than OB the aaatam half of tbe vUMa diak. 

Tha ataond aonohiaion of the Kew obkarvent la at 
vaiianae with that of the more reeent tnveitigatoni. 
Howavar, tha yaan en a n iln ad In the two eaaas have no 
part in aominon. The daU uaed by Mri. Maunder 
waa to nneb awra bomogeneoua and abundant that her 
oonelnaiona ahnnld have greater weight. 

Having oompleted their drat examinatlini, the Kew 
obaervera eonaldeied how to oonect their data tor the 
poaitloD of the obaarver. Tpeyoonld then, for any planet 
whatever, P, oompare tha hemkpbere turned toward 
the iilaiiet P with that tomed away. Relativo to the 
(rirda Hmiting theae two hfnnliphawe, any other planet, 
P', oonU have any poaaible poaition in ita orbit. It 
aeenied right to admit that. If the Interval ouaidderea be 
long enou^, the eBaot of P* wotdd be eliminated and 
tha effaot of P would baoome evident by eompartng the 
eondhioiu on the two heotiapheret. 

It waa found thua that the epotted areaa tuiul to in- 
oraaae oppoaite to Menmiy and Veoni. Jupiter, upon 
whleh t^ greateet hope wai plaoed, gave no definite 
reault 

The wmrk of the Kew obaorvera baa lieen rather 
leverely eritioiaed. The interval uaed aeenu too ihurt 
for aiiTning the proper compenaatioM, and the gaph 
la the data are oomiidmble. The choice of tiie nuterial 
aeleoted has not alwayi seemed justified. 

aaaeAacuae or saHuairaB. 

In a raoant memoir (Prae. Aap. Soe. STiA, p. 309,1911) 
A. Bohuster eonsideted it adviaahlo again to take up this 
problem, uring the Qroenirloh photographs for the years 
1874 to 1909. He noniddered only the blrtha of spots 
lasting over the interval between the piatoa of two sno- 
oearive days. He exetuded, aa more eubjoot to orror. 
thoae Urthi wUnh, seen from tbo oarth, appeared at lees 
than 30 degrees of kmgiinde from the eastern border. 
Then regnalnad 4,271 spots to eonsider. 

For eaoh planet P, the sun was divided into 12 equiw 
lent vatieal lonea. The nriar meridian passing through 
tha planet P formed the boundary between the sonos 0 
and 7 on the bemiaphen toward the planet and between 
12 and Ion Urn farther side. The number of spots aoen 
for the first tfane in eaeh som vras oounted and used to 
form a plot having aa ahaoisHS the sons numbers. 

The rsaulti are rather itregular espe^y if—as 
Bohttster did at first—we aonslder separately tbe spots 
eoimted whoi the earth la east or west of the oontral 
merldlaa. Of the three planeti —Memuy, Juidtor, or 
Vamn—eaoh one seams to pnduoe a minimum of spots 
wberp another may ptodoee a maximum. If the above 
dletinoUamls not ma^ tharssulti seem more oonooidant. 
For all there Is a minbiuim upon sone 3, that is when tiie 
planet is just tWiic, and a maxlmam on sone 8, which 
has already pasrod the meridian. This can be compared 
with tha dinnial maibh of tesaperaturo on the oarth 
due to tha infinenoe of the inn’s heat But there are 
other iBtstmecUate maxiina and minima for whleh tbe 
thnw planets are in no ways in aoeord. 

Bohnater, however, oonslderi that the similarity ul 
msndi of tlw three ourvee for dlvlidops 3 and 8 la suffle)- 
ently eharaoterlitio for rendering vary probable the reality 
of a planetary infiumwe. 

TU mndi is very differnnt bom that which bad been 
fcnnd for the earth and much leas dofliiite. Thoeffeetive 
aetlvity of tiw earth Is therefore apparently of another 
nature und relatively stronger, or it is only npparent ami 
due to tiw dtuMipii of the obeerver. 

Tha gneetkm waa next takM up whether tho distri- 
butiMofvotitnloagitadedidnatbeaaimemon unequal 
whm tbs thna plaaeU ooniidered, or two of them, were I n 
oonjttiwtioa for the same idar sone. The pbta were re- 
mim uwniidering only the spots hern when that oondi- 
dgn vna fuMUiad No marked dlflerBiioe im evident. 
Il aHma aa If the amBber of spots appearing in a lone is 
gWBigf - BBly whiB am of the phuiett in tiw eonjnnetlon, 
or riWktiy part it. is Vsaus. Sahnitar thinks that a 
flaiM any hava iMialy ag awdting aetkm, effeotive 
^ ikipBMaf foto play a biraa already existing in tbe 
MB, 4Mi)i4i3clyi»MeoBdplBnst on eonjunetipn might 
aol,h«fa any Bdditlosal sOset. 

'.piaBaaimaa -or r. r, u. siBstToii.' 

dfanll^ HHkm, 72, p. 9. 1911) thought 
M «Md W BWtfc iitafo to aiain taka up tUi ifi 


seuroh, oonaidaring tho disappeennoea as well as tho 
peeranees, and retaining only those which oenur at leu 
than 80 degrees hum the solar meridian paulng thnmgh 
tho oarth. He considers only Jupiter and Venus, wlilrh 
seemed tlie most pniliable as having an influence on tlio 
spottednesB. Tho period used was the one of 30 yearn. 
1874 to 1900, for wluoh tlio photographs of tlw (Imeii- 
wich Observatory furnished a oom]>lete series. 

Tbe surfaoo of the sun was dlvideil into 24 equal sutios 
instead of tho 12 which Rchnstrr u*<d. The origin was 
the meridian passing through the planet at the moment 
<if birth or disappeanuiee of a Hp<4. Tho sonus I) to R i«ir- 
rmpondixl to meridians which had already piuvMsI over 
the planet hut which are now hid from it. The xoniM 
18 to 24 ourrespoud to meridians whieh are to transit 
but which are still out of sight. 

He then oooHtractcd for vucli planet phits in whicli the 
absclase wore the zone numlsirH and the onlinaUw— 

(a) Tho numlsir of spots seen fur llic first time in iwli 
sone. 

<b) Tho uumtsT of s|M>ts ston for the first lime in liii- 
northern part of eaeh zone. 

(c) The mimiHir of S|M^ts seen for the first lime in the 
southern part of each zone. 

(d) The iiumlHir of ephemeral (that is, seen fur uiio 
day only) spots seen in eaeh zone. 

(o) Total niiiniMir of spots seen eitlicr for the first lime 
or for one day only in eaeh zone 

This gave fivo curves for each phiiiul. Tlume weni re¬ 
made, using tho spots seen fur tlio last lime instead of 
those seen for tho first timo; that is, dlsappuarances 
instead of appoarancos. 

Tho plots worn very irregular. Oononilly there was 
no suiiitsrity In their eontoiir, even fur the same planet, 
between the two hemispheres; neither was theni Isitwivn 
tho same hemlspheros for different planets. There is 
one sioglo ooineidottoo, pahaps, which seems not due 
to ohanee. There is a nuudmmn of eplmmeml sisits 
iiohsl in tho zoiMW the meridians of whieh eitiMir Jupiter 
or Venus hail already pasaml Ihroo hours pniviimsly. 

It Is notable that for this interval of 3(1 yi«rs a terres¬ 
trial olssu-ver always noliw in the central region of tlio 
sun more dlsappearanoes than appearamsHi. The dif- 
frronoe roaches 10 parts per 100. This ugnssi with wliat 
Mrs. Maunder found tor the interval 1H89 to 1901. For 
JuplUr and Venus tho births sei-m ituiiv frequent when 
the plnnot is above than when under the horiioD, that is, 
in the opposite sensu from what Mrs. Maunder found 
tor the eartlL Hut tho difference is very small and merits 
no physical explanation. 

The relation lietween the oast and west hemispheres 
of the sun, os seen fnmi a planet, is for Venus in the oppo¬ 
site sense than is the ease for tbe earth. In llie euse of 
Jupiter there is searoely any difforonee, as the following 
table shows: 


SpoU seen on tho hmitphm of tho sun tomird a 
planet. 



Another uomporiion may throw soiuo light on the 
matter. When a planet is on a givoii side of tlie equator 
Is the hemisphore on the some side as the planet espeoially 
favored with spotsT The reply is oontalned in the fol¬ 
lowing table: 



hemisphere continues whether tho planet is tzi (he south 
or to the north. That is. in tho interval ismsldeml, 
the southern hemisphere of tho sun had haWlually more 
spots. This may ho due to eausos within tbe sun and 
to no hifluoni"os from the idanots. 

This shnpio nomparlsoo lends us to suspect that the 
oonoordanees tooted in tho plots for the various pianels 
may be duo to causes within the sun. There are two 
possible reasons tor the inequalitiee in tho plots: 

(o) Any given sone relativo to the planet can remain 
invisible from the earth for roontbs. 

(6) Tho epoch when a particular planetary szim- may 
be favorably seen by a terreHtrial observer may fall 
sometimes in the spot maximum phase, somelimoa in 
the minimum pham. 

Tho second perturbing offeet is graver than tlio first 
The period of 3# years embraced by the Ureenwlob daU 
Is not snffleientiy long to nssure us that tbme two 
soweesoffiTiiraroeUminated. Thu method should not 
ba aUBdoBad. hot «fl Bust get mert obssrvatiOM. 


CONCLUmOIfS. 

It would bo presumptions to say that we liave un¬ 
veiled tlio mode In which the planets may ronnt upon tlie 
sun, but we feel persuailed that some roaotion exists 
and that it will not always dude us. The sun may have 
witliin itself tho reason fur its period, but it does not 
kiviptoitsclf its rythmic action. It has nut suffieient store 
of eniirgy in the mutual atlraulion of Its itarta, in its 
rutalion or in the active forne of the planets, there re¬ 
mains a resource in the iiosmie dust. Perhaps it is not 
tho matter condensed into tho shining stare but that 
wliich is HiHittered in impalpaide parlieles tbrouglioiit 
s|iaee which contributes more to the stability of the 
universe. 

It seems to me that these views suggested by tho study 
Ilf tho heavens lielp to kiir|i us even in overj'-day life 
from discoiinigement and indlffen<iice. Tbe historian, 
whose attention is foeiised on salient events, may believe 
that the human race exists only for a few iiiarkisl mi>n. 
Tho naturnlisl, aeeiutonied to note the annihilation of 
(ho weak, iirii>s willingly with (ho piM-l. "Ixi vent n'ennute 
|ias gemir la fcuille niorte" (Tlie wind liiars not the sigh 
Ilf tho lifeless leaf). Hut that is only aiiparenlly true. 
The deuil leaf, in its iiianner and measure, nvets im the 
wind. Alnmly n.ligioiis inornlisls warn us that every 
wt, no in.ilti'r how sniall and weak, has a sovereign value 
when it is dime in iunriirniity willi Hie eternal order. And 
tliis eiiiii-lusiiin will not siirprisi' (lie gisimetrieian, who 
IS eimslTaiiiisI to weigh all in an iniparlial Imlaiiee and 
re<.(igiiixiis in ihe sniallesl eorner of the universe an iiii- 
limili'd influeiiee with nsranl to spaee and the future. 

Fuel Oil on RaUroada* 

It bus Ikm'Ii riisliHiiiiry lo uiigi* the iiw of oils for 
fuel III Hie riillid States liirgely liy Ha- eoiiHuniiitliui liy 
nillnsids, ISS'IIIINO Ihe Htnllsllivi of siieh isiiHiiiiipIliHi 
limy. li> eiirefiil (ininlry, Is- ohtuliinl with nppnivliiiute 
awinie). while eonsumiitlon In other lines of Iniliisiry 
In eslreiiiely dllHenlt of del n I nil i 

The usi‘ of fuel oil l>) Hie rullnsids of TexiiH was orlg- 
limlly due to Hie siidileii flissl of cheap oil from Hie 
Heuiimonf nation lii 11)01, Tlie nsitlniuiiHV of this 
Iruile has Intely been iildisl by bnisirts from Mexim. 
The ease with whleh Uiiw Tetss oils ean find other 
markets Hum tb«> rnllroads niiil ihe fnet that the rall- 
risiils euii return to eonl without very scrioiui disadvnn- 
tnge make the fiiliire of locomotive ennsninptlon of fis*! 
oils In 'reziiH iini'ortuln. 

Tn riillforiilii Ihe rullriwiN were Hie first to absorli 
liirge nuiiiillHcs of (.'iillfiirnlu oils. This legttbnate use 
hiiH become is-ruiniieiit fnsn lack of other fuel, and It 
has exleiiihsl to oilier kinds of geiicrntlon of power. 
Ineludhig marine'transportation for shlpmeiitH eoast- 
wlsc and to fon-lgn I'onntrles. 

A Merlons nieiiHeo to the cmitiniieil nw of oil for fuel 
In CuillforidM Is the reeent elinnge tn Ihe charaeter of 
the ernile oils of that State. Many of the new pimis 
yield nils snilahle for refining and for the produetlon 
of large iiiuintltles of gasoline and kerosene. Up to 
the beginning of 1913. ubont .10 per rent of the oils of 
Callforiiln were refined and Ihe rest was sold for fuel 
aa crude or after very light distlllalinu of the Hghtest 
pnslnets. This prnetlee ehniiged materially during 1013, 
so llwt the pni|H>rUi)ii of criiili> oil iimsI illreet ns fuel 
Isstime reversoil, and, alUiongh no nceiiriile figun-s an- 
arnllalile, TO |ier eeiit Is nlsait the pniisirtlon of enide 
oil whleh was relhieil during Ihiit year lietore the 
heavier rsirthms were sold for fuel. The nsinlt of Ihls. 
however. wDl Ik- mg In decn-nse Hie use of oil for fuel, 
hill to cfiniige the iiii-lhisl of Ms HpiillcuHon. iwrtleiiinriy 
lo the liiterniil ininliiisHoii eiighii. hiirnliig kenisenc iiiid 
lieevler distllintew. 

AlHioiigh Hie I|S|. of fiiil oil <.\li.ndisl lo a gn-iiler 
inniiher of miles of nillnsid. Hie ipiiinllly of oil isui- 
NUineil hy Hh-c mllrimds ilisreasml sllghll.i and Ihe 
loliil iiilleiige niiiile li.i oll-linriilng eiighiisi ilisTeHsisI In 

shiilhir prii|Mirtloii. Icnvliig Ihe ... of miles 

nillde IHT lairrel of oil eolisiiimsi the .. hi 11)13 iis In 

1012. 

If It were isissllile to gl\i- a isHiiplete stiiteiiieni as to 
the tonnage movisl ist liarrel, It would nmloiiMislly 
show an Inerense on inssnint of the heavier trains 
moved, which Is oirsid as lo isiiiHiini|itliiii of nil hy Ihc 
Increasnl elficlciic) of new oil burners, nrraiigianeiit 
of oil tanks, innl Incn'nsisl skill ileveloinsl hy tlie fins 

Piiring 11)1.1 three rnttrnnd eomisinles disrnntiniieil 
Ihe use of fuel oil and retiiniisl to eonl, linprlled nid 
only hy the advaueing tiSHlency of fuel oil prices. Init 
hy direct iiotlfientlon fnsn refineries that eontlnimthsi 
Ilf contraets would be Inipraetleublc. The inerense In 
demand for light iinslnets from crude oil has nslmvsl 
Ihe volume of nwldiiiim available for loenmotlve ami 
other fuid tisi' lo a point iiisinixlmatlng only .10 per cent 
of that olitnineil when giisollne wan not la sinsig 
demand. 

* rrm tha report of the DnlM RtitM Ooolailral Mrvey on 
tbe Prodnetlos of FMrrimui U ISIS. 
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Photographing Projectiles—I* 

Securing Records by Means of Illumination from Electric Sparks 

Thk folIikwiDK urllolo ii for the tiorpum <>f ttnloivinK Fig. 2 ihowi a gmaU>«rmi buUot, with haad wavm, wavta ronned by the holee an uveloped by the head 
upon the melluxb) iulopt4)d in 18H7 liy Pnd. K. Maeh, tail wave*, and eddien behind the buliet; the photegraph wave. Fig. 6 U the nine taken an inctaat later; here 
m n>llabi>ratinn with P. Halrher and b. Manh, for ub- waa taken with a alight degree of obeonration (oMeii- the tail wave fonni an envelope for the elementary wavee. 
taining photugraphn by miiaiu iif the eleulrii! apark. dung). The buliet haa Juat perforated a aoreen. Fig. Fig. 7 la the aame aa Fig. 6, except that It ia taken by 
Mach’a elertriii H|iark photography haa been no widely 3 repraaenU the nme with a atrunger obaouiation; hem the limple ihadow method, without mirroca and lanaaa. 
qunbid in all aorla of tenliniral periodloala, that ita funda- the bullet haa almoat paaaed beyond the field of view. The ihadow methoda employed by Maoh and Boya 
mental priiiriiiliM may now Imi miniiidnrud aa gimerally At the plane where a little wooden aoreen haa boon per- nannot be dlipenied with, when it la a queation of ob> 
kiuiwn. K. Mm-li hiiiiHeir employixl fur hiii phobigraplia a fonitod by the bullet, an imfiant waveair haa broadened taining photographlo reouda of air wavea and eddiea; 
iHiiMleiiHing lenn, tlial ih In nay, a iiiiieave niirnir in nin- nut tn apheneal fnrm; and the name thing haa ueourml fur then diffonnoe in refractive power (aeMurfn) muat 
jniii-tiiiii witii II l■ulll<■rn. V. ItiiyH nl ii UIit lUle (IHWi) at the cnrtMir of the tabic on whieh the little wooden aeroon he dealt with. On tho other ha^, where dlfferenee in 
miMliReil Mhi-Ii'h nicLlindii Ii.v ublaiumg. Iiy iiieaiu uf the alaiida; aim, tiui puaition iif dianhargo of the eleotrio ntfraotivo power (gaaekberm) dona not enter, but it ia 
elia-.l.ric H|iark, Hiniple aliadew piotiinn (Hiiliuurttna) ut spark is vlaible at tho extreme right edge of tho field of a question merely of the debula of an opaque body, 
appmxiniali'ly full hizii iijam HnnMilized plains, willinut view. The headwavna jini reflooteii by the table tup from a baliiatio point of view photograplia made by 
using imiii-ave niimim or IriiMiH. The metliods are Hiinilar aenurding In the law of mimim. In Fig. 4, tho ballet ordinary methods are quite satlafaetory. In lueh photo' 
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to half ilEO, tho deflnitiiiii at a point iin the ctmiiiirfronif 
ii reduiwd by Itn rntnniiiun throiigli iS> miUinintnni. 
It a projeotUe ia tmvoling at the rain at UOn mntnr- 
Miooii^ and ii photographed to 1/lU iU natural Miae, the 
dnflnltlon of a point ia roduoed by ita nxlnniiiun thniuph 
4J> railUmoten, finre the prujeniiln miivni during tlin 
eipoauro 4C mlUimeten. ()n the ulbut hand, aufllnlenlty 
inatantaiiooua oaposun ia attalnnlile in illumination by 
meana of an deotrio apark, thn duration of the aitark 
light, detenplned by varioua melhoda, biting fnim l/:i 
to 1/10 of a millionth of a lenond. 

The method for obtabdng a phohigraph liy the light 
at an eleotrio apark u naturally aimllar to that employed 
for eeeoiing a photograph of a atroke of lightning on a 
dark night: the oameta la opened till the light ahinnii, 
and la then eloaed. (1. Cranx in 1009 obtained aome 


For making Fig. 17, a eaiHu-ity of about SiriOO was eni- 
ployeil. In onler to eliminaUt aoIilar>' aliaduw efTeete, 
at leant taro to four illumination aparka were duoharged 
in wtriea to tho right and left of the olijwil to bo pliuto- 
graphed, and in front of tho camera. 

The illumiiuttion from that apark which eorreaimnda to 
tile filial alroko of the battery, doe to M-ir-iiidiielion, ia 
the aliortiNit and^woakeat liaah. 

In orlilitiim, amall ronea\ii niiintra wen- plwnl hi-hiiiil 
the lighting area; moreover, wiveral hiiiiu-mhIuI pimUi- 
grapliH were obtained by meana of liglit pnijei-U>ni plaenl 
at greater diataneea from the nlijeel 
One or the other inwition of the aparkiiig an'aa ahiiiilil 
tie ailiipUiil aeeording to llie ntliiireiiienta; they will 
naturally vary with tlie methiMla adopted for diaeliarging 
the illuminating'iaparka. 



Fig, 14. 


from tho muzzle. Powder gawa am atrouniing from tlio 
muzzle, and within llie laiwder goa iiia.x he aia-'U the piiai- 
tiiin of ilianliarKt' of the elia-tne apark. 

Fig. 11 ropniM'iilB the aaine pialol at tiiu inataol wlien 
tliii hullel ia ‘M) nentinieleie from the muzzle. Tlie 
extruelor ia partially open. 

Fig. 12 hIiuwh the auiiiu piatol when the hullel ia 3/iO 
iviiilioieU'ra fniiii the inii/zle. The empty enrtnilgo euau 
haa Ihvii exlmehd and lliniwii into the air. 

Kig. IS ia a deiihle, nr atr-nnaeopie, pliiitiigraph of tlie 
aaine piatol in tiring; tlie jMiwder gnaea are atreoming 
from the niiixzle. 

Mg. l-t ia a douhle, nr alereoaeiipio, phiitograidi of lliu 
aaniii piatol in Rnng and ita ledeoted image, in thia, 
nut only Ihe piatol itaelf, hut ila roveno reflevluin iu Uiii 
mimit la \-iaihIe, an thal we may obaort'u at the name 
inalant lailh aiili-a of the weapon. Sueh phiilographa 
haie a (MiMihar valiio when we are dnaliug willi au auto- 
inaliii arm, Imvoum- from the front aide the aelion of 
the extroi'lor ia fiillnwiKl with great diffleuity. They 
are alao id \alue in tlie I'aae of amall projiwtili'a, when 
inioauring rutaliun of the projiailile, ita iiaeillatioiia, ete. 

Fig. 14 I alioza the hlaal iif the black laiwder gaa at 
the muzzle id the amall urin, Muriel 71, aia<ii fniiii the 
rniiit The largi'r volume id the iHiwiler gaa la exiiandiiig 
III the riinn of a niuHlinami, while in fnint id ibia niuai- 
room may b<> aerm that iKirliiin of the gaa which luw laa ii 
drawn forward by the hullel. lly ila form thu muah- 
Miim clearly ahowa how Ihe nllmg hoa atTirtial It. The 
aeveral bright hnea ani the tmjiajtoni'a id the burning 
powder groins. 

Kig. 14 11 ahowa the aaine taken from the rear, anil In 


negativiw by Ulumlnalitig the face id the ehiia>t with the 
electrio apark (aee ZtniKknfl, ete., Voi. 4, of lOOU, page 
tUS), the apark being dlanharged through a mercury 
aro^liunp. Very olcar pieturtia were auIaiHquenUy pub- 
llahed by llerr H. Hooa in Uorliii. In a prlvaUiIy printed 
pamphlet, in whieh the fai'o of the abject waa Illuminated 
by apark light, a ndectiir hi’iigi i<mpluyod. Among 
other Ihingi, he photugraphod a n-volviiig wheel (Fig.«). 

By employing a great numla-r of enndenaera we liave 
lately rnaumod experiments with faoo illumination; and 
in Fig. 0 and thoae following, we aholl, liy meana of many 
examples, show that, in faoo iilumhiatiun with apark 
light, details within the contour of rapidly moving oh- 
Junta appear with Uioroughiy aatisranUny doflnitioii. 
Some of those phntographa we puhliahod In July of last 
year in Schuu and Wafft, Voi. 6, No. 20, page 307; and 
by arrangmnenta with the editora of both periodioala 
oonewDed we npublish in the preaant artiole, tho earlier 
photographs with slight ahan^ In the aeoompanylng 
test, ^ give. In addition, a new series of pbotognphs of 
baUisUo, seieiitiBo, or physloal interest, as well os some 
itereoaeopia photographs and moving ptotnre 111ms. 

Tho oondensen were thoroughly nharged by meana 
of a stathi maebino, the available oapaoity being 45,01111. 



Fig. 0 n'pivaenla llic army pialiit in a stall' of n-st Ih'- 
fore tiring. On the iiialail liouaitiK in front id llie rear 
end id the liamil and in tear id llie hnas'lihlis'k may 



Fig. 14L 


he aevn vurtiual inarka drawn with a whiUi |wiu'il. From 
tlie ahifling of theao vertiemi niarka we may readily di-- 
Unnine, at any instant, whether the piiaio has Inien llnal, 
Imw far the breech mcchanisiii lias recoiled, etc. 

Fig. 10 mpresenta the aanie pistol during din’liatgn, 
thal is, at the moment when the bullet i* H onntimclera 


Fig. 14 111 ia a aten'oiicoiiic, or doulile, pliolognpli 
of llie name pheiiumena. F.xaminatiiiii willi llie Rlcn>o> 
aiiipe afTunIa an exiiTdingly n'aliatio view of the form 
id tile mushroom and tlie trojia'tairiea of tho burning 
IMiwdcr gruina. For thia reaann, it may lie remarkiat, 
nuiny pbotognipha of amall shot (nut reproducod here; 
were obtained liy atenaiiii'njiiu mothoda. HU'naiaiaipie 
examinaliiinaid tliealliit akeuf peimiltialaunUauBeeurule 
aeiHiJHliiiii id Ihn iiiilividual abut in the dirceliun of the 
ihnu ilimeuiiiuiis, tliui it was found |hjhsiI)1o, liy niiuiia 
id the aliTeom'iipin arale, to detenninc mil oidy the extent 
id mi|Niraliiin of llu' tlying ahot, but alao, from many aui- 
l■l•aHl^e pliolugropha, tho rediictiun m veleoity and llie 
nilaliou id tho individual ahot. It la probably finsilile 
by BUeU melhoda to aiilve many prohloina whieh an' at 
pnneiit ahroiidial m iiiyatery. We hiiia' In nviir In 
thi'Hi' iiialtera. 

(7’o be oosIlHseii.) 


A Quality of Electrolytic Iron 

If n Hliis'l of ulii-trulytlc Iron anil one of urdinur} 
rolled Iron uro eleaiiiil of aealc and oxide snd aet up iia 
11 iHiltery nllh illliile Hiil(diiir|p neld, a inlllviiltuieliT 
will Hhuw that the elis'l roly I le Iron Is I'lisilro-minltlve l« 
tlie common Iron. It will ho iippns'laljal from this tliiil 
a coating id eli«lnilytlc Iron ta under uiniiy eirruiii 
stniii'ea a deelrnlile pnileellve enerliiK 



fi»uni 


n»i 4 in. 
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Making Steel by Electricity* 

V^arious Systems; Tlicir Merits and Defects 


Thr of pnxluciiig uUvl by vUvtriral innthtidi in 

iiifini Hum IM) yi«rH iilil, hut iiu pnuaiL-al lolutioii of 
thfl pnihli’iii WOH ai'hif-vitl until thu i'Icihk of Iho kut 
Miiitury, wlii-ii ulixitrir furmuHn iif mvorsl distinct type* 
went put into i>|M-ntti(m. 

The iililinl Ilf tluno fiimnoo*, the Htaraano furnace 
(INllH), ill wliii-h the metal i* heated entiruly by radiation 
rnmi lui eleetric an-, is now iiNod cliletly fur the pn>> 
duet inn uf Hiiuill Hleel eiuitinipi, woigliing lewt than 2 taiu. 
It i* well lulaptisl for *niAll imu-liliie work* which make 
their nwii etuitiiiKH, and for idl eoHe* in which it i* un- 
deniralde, for any nmuiii, to iiilniHt the work to an oul- 
aide foundry. 



Hir. 2,-4taldiie<l elec- Klg. 3.—Protected elec¬ 
trode. trade. 


of heat tliruugh the nhaigo can be varied at will. The 
largeet Nathuiriiu furnanee yet eonetiuotod have a eapa- 
eity of 10 to 12 tana. The field of utility b ifanllar to 
that of tbo Qirod furnaae, but the Mathnilai furnanc 
ia aaid to he peonliarty weQ adapted to the imeltiiis of 
ferrumauganflen. 

Many other eleetrie ant furnaoee have been patentud, 
hut thny differ litUo from thoae mentioned aliuvo, or 
frtim ooiih other. 



At noarly tho latmo timeappeonol the Hdniult furnace 
with two or tlinai vertical iilcetr<KU>* ploeetl inimwliatcly 
over tiKi metal. Thia ia the miait whlely uaed of all 
cha'tric furnono. It ia Hultahk- Imth for fiiaiug ndd 
aerap and for reftning molten metal, luul It ia cmployiMl 
In many stael worka in capaoitiee up to 20 Iona, 

Tlic Clirod furnace, with one olrctrodo above the metal 
and oiui or inorti in tlm bottom of tbo furuac<<, wua flrat 
(hwigned (lUUil) to uao monopbaan altornating cum-nt, 
hut It waa 8ubwa]uently adapted to tho omployinent of 
triphaao oummt alao. Ite field of ugofulnem ia tho name 
na tliat of tile lldruult furnace, Init no Oirod fumst-c of 
greater eaiwcity than 10 toiw luw yet lawn i-oiiat meted. 



Toward the olose of the loat century, ohnoat aimuU 
taneouidy with the ora furnaeea, appeared tho first in- 
duction furnaoea, the Kjdltn and the Frlok, which diffei 
only in tho form and amngemont of the primary ooila. 
Tho Kjellin furnace may he uaed in place of the oruelble 
furnace, but it is not very well adaptaal for refining and 
it has aerinua dofeeta whinh have greatly limited its 
field of applloatkm. Until reoently this was equally 
true of the Frick (urnaoe but the latest form ol the 
latter ia said to be very well adapted for refining, and 
aoveral large Frlok furnaces, iucludlng two of 20 tuns 
capacity In Amerioa, are being oonstrueted for the 
pnxlueiion of fine atool from molten metal. 

The nooehling-Rodenhauaer furnace waa created in 


Fig. H.—Hdrwili fur- Fig. 7,—Uimd fiimace 
nace. monophoae current 

(1*06). 




furnaoei inelndad 67 HIrouIt. 27 Qind, 0 Ifathodo, U 
StaMaao, fi K«ll«r, 8 Chaptot, and 11 otlMH. Dm ix 
duetlHi fanaaei isehidad 10 KJtIUii, 17 BoashUaf 
Rodenhanstr, fl Friek and 2 oihara. 

The foOowliic Mda shows the number of fioaa of 
oleetro-efecl ptodnoad In various muntrisa fat tha yaan' 
ftmm 1908 to 1918, inelusive: _ 


Germany 
and Luxem- 

huig. 

Franco. 

Austria- 
Hungary .. 
America.. . 

i«n 

im ! 

IttlU 

nil 

mt i 

mn 

IfidUfi 

2,289 

4,083 

fi.ld 

17,773 

0,406 

0,048 

13,^ 

36,188 

11,700 

20,028 

02.141 

60,664 

13,8fl0 

22367 

20,106 

70,190 

16,023 

213M 

18,600 

38381 

r 

36337 

T 

Total 

32.IWU 

47,(id 

120,116 

126,478 

130,270 

T 



fVim this table and the corresponding graphload 
record (Fig. 1), it appears that the annual praduetion, 
though insreaaing in Rurope, has sirsulily deelined in 
Amerina ainet- 1910. In general, it ia evident that the 
ehwitrio furnace ia for less extoiudvely employed Hum 
would Is- ex|iei>ted of a new devioe of demonstrated 



Tile Keller fiimw-e, Inuusl on ii Kimilor principle, ia 
iiihhI eliii-lly in hVaiii-e, anil far lew ext4-nKirely Ihuii the 
Mirud funioiv. 

The Nutliusius furnm-e, which upis-anil in lOOH, 
ilifferH from oil other funioe^-H with Isitloiu eleetnslea 
in fdlowing a current tu he estalilished lietween the Imt- 
loin elis-tmiles, us well os Isilween them coUeetively 
aiiil till, up|MT cUs-inHlm, In this way the distribution 

•AlwIrBi'l. Ill 111. Hlsmiiml (iuigeiilieliii • artleli, In Kletint- 
Irrhnivr y. lliukrifi 



lOnii by eombiiiing a number of Kjellin furnooes. (The 
new Frii-k fiinuusvi are also of tho eombined type). The 
IhKHilUIng-llodenhauiier furnace was the first induotlon 
fumaiwi empliiywl at all extenaividy. It is now used 
ehieily for refining molten metal and for smelting forro- 
nuuigaaese. The largest of those furnaeM yet con- 
slrui-ted have a capacity of about 12 tons. 

Many other induetUm furnaocs have been pabmted 
and attempts have been mode to combine induction 
liiating with arc heating or with roeistanao heating. 

As nearly os can be aseratdned the total number ot 
elceirio steel furaaiws in existanoe, and in proeess of 
ennstruetkra, In 1913-14 was 173, of which 138 were are 
furnaces and 30 were induction furnaces. The are 



It 


practical utility. This slowness of development la due 
chiefly to the two foUowiiig eansra; 

Id the first plaoei at the prevaiUi« prioea for eleetrie 
i-urrent the eleetrio furnaee oan oompete aueeeerfuUy 
with othm- furnaoee only in the prodintkm of Ugh grade 
Mtaol, and even Ihtb only when rieetoto energy is oon^ 
parallvely cheiqr and other oondilkint an tavenble. 
It is the supnior qoidity of eleetroatsel that malcra 
suoeesrfnl eompmltion possible. Steel of tower grade 



Fig. 8.—NatkeriM feraaec (1N8). 















Kib. la^HarMn fynuc Uou). 


In the iMoDd pUea it u very difflinilt to i^Mtnini an 
alaetria tumaeo ot a oapaoity iiwieadiiiff 1^ tow The 
largent ehanpi now wmked is 35 tow and the prantieal 
ntiUty ol tha lat|art elaetric (umacea luw not lawn c un- 
dnilvely demonatntad 

An nlaotnn fnmam oan find axtenalve empInynKmt 
only on oondllion that it can be oonnerted to a normal 
tnidiaae emuit of levcral thoiuand volte and 'iO ponod^ 
without tha intarpoaition ot rotary (onverten, and even 
■tatio tranefornwra ibould be eliminated, if poanhlo 
At pieaent thie oonditinn la aatiafled only by Roochlinff- 
Rodenhaniar fumaaea of loaa than 4 tone oapariU 
l^iRer fumaeee of tbu type and all ottier mdurtum 
fnmaeea require fur enonoiniral operation ouiienU of 
low frequeney (6 to 25 ponodi) Induetaon fumaciH 
In leneral require epeiial cmiotaton or rotary ronvi rtnn 
whmh greatly memaw the i oh! of inatallation 

An furnaeea umially dupenan with rotor} uonvirli re 
ai they can uae a eurrenl ot K) ponodi if the tonduePirM 
are prnperiy arranged, but they gonnaUj requui Iriiw 



latiag factor of cIBcleney 


(^g 2), or a rolUr of wire nctung mated with iiinin 
(INt », or both 

The iniufflcknc} of tluw pmauUnno ih pnivid li\ Hu 
numlMr nf rwent paPiitu for improiid lurlhiNU of pm 
Uition Tbt pnparatiiiii of Hu ikitnidts ii \.m 
laliorMiiM M thenmeiit-maPd mitingniuet Im appliid 
in the muiRt itato and allowed lo dr\ on Ih* ■ hi Imdi 
For thio n anon one firm pru|MM h to siilwpliip lor tiu 
netting a uunibiT of wparnti aiuliouili ninoiolih giiml 
nngg of ntraiUirv maPnal (hig I) Anolh.r iwliiil 
eovirs the HUppniwion of thi niitfiow of fumw r eou 1 \ a 
I ounterblaot of air or ypam from iio/rko suiroundine 
thi eloetrode (Fig 5 ) 

The atrangement ot the eUi tmdo in ii nouv iin fur 
naeta lu illiiotrakd in higs 0 to li Ml oupt tin 
H«roult and Htmaiano fiimoKH imploi Uittom ile< 
tnidiR Iht bottom ikilnultH of tin (•■nut liirnui 
haiethi yoinepountiol ho thatuiMUinnl llows In l«<in 
thim but thoRo of the othir fumwci hi\i difTinnt 
potential', and produei tumnte in n eondiiiting Iniir 
of the fuiiiait botuiii or wall 

In thi Hfroult funuui tin healing iffid k iinxliiKd 
nntinly hy tin an almit thi ihargr To this tin (unMl 
fumaro adds thi luating iflmt of thi minnl thnngli 
tlui I hargi and Ihi NalhusiiiH mills almi tin In il pm 
diiieil bt thi fumnt in tin funuui IhiUiiii lliis 
hottom luating I an Im \am d within wiiIi liniitHlii iiuniis 
of a poUntial ngulator and in thiu wu) Hu load i ii ilu 
iipiur elietroiloH lan Im iliminislu iI 

Thi diferluiif Hu iniluiHon fuiniui an iiingn itir 
than those ot thi an funiaii Ihi ilistrn il ilifiits 
of till fotmir Imii nlnailv Imiii nuntioniil Its mist 
HeniiuH motallurgual difiil is thi alyunn of a siinpli 
ilosed liinrth Thi milting troughs of thi Kjilliti ami 
I'Vu-k fiiriiaoiM on not vir> will odoptiil for rilimiig 
Hid I v<n thi iiimliiiiatiiin of iu\inil huiIi Imuglis iii ih 
Rimi hlmg Itodinhaumr tumaeo ig not iiilmlt salts 
fo( tor} for this piir|xisi Auothcrdtfis (ul Ilu iiidiii non 
fumaii IS thi imiuiMHibhty of milting told ihnrgis 
without Ihi ltd of s|Miial auxtliart disniH 

Atbinpts to ininasi Hu illliieniv ol Ilu indii lion 
fiimaei hnvi luin modi lit iiureasing tin nsistaiMi of 
till miIting troughs In adding othir nHiHtenie lunling 
to thi indtiili I mtion and h> iniMlifving Ilu irrangi 
mint ol thi pninart coils A Ikulin hnu has tniil 
to impnnt thi • Ilk unit nf tin kjillin funiaii In u 
ruliinllv diffi n nl inothiul (I ig M) Ihi trinstnrmi r 
loci meludis a divoniuitid signuut whiih is i ipdili 
of nit till n null is imrgi/id In a dm it iiirnnt II iwmg 
tliniugli an invtluinng mil Ihi pnmurt i >si of tIu 
fiiniari in iimnoited nt, iieual with an allimsting eir 



I ig 1 1 —1 ongitudinal and Iranivcriv vtrllcal 
billions of Niiond improied Hnerhling furnace 
(1912) 


On Ilu wiiili II iipiuais Hist thi mdmlinii fiimaic 
at pnniit IS iin iiion ilifuunt than tin on fumaet 
III III! ipinlitii s n(|iiisiti for ixliimni imployiiuint 
I Ills Ih pmbat 1\ iw n UH ii wliv Hu iiuuiIm r of mduetion 
liiriiuis 111 !n isiil I Ills fnmi to to 1 1 N tween lUOS and 
1‘tU III will h [uniil till luiniUr of sn fumuiiM in- 
inoiMiI In m It lo 11ts 

Till all I ales of thi in fiinmii oosirt that a tlun- 
lliwing slig nl highir timiuratlin than tin metal 
luni itli It IS ilisiiliilili iiiiiiiMiri rorgmul nutollurgiial 
w irk mil Ihil this ii million is HaiMflid onli m Hu 
an liriiiiii wtiin Ilu Inal ih pn duiiil at tin mirfiui 
111 Ilu iiiiliii lion fiimiui Ilu hint is giniraliil in Hu 
milulwhi II Mihiipiiiilli must Im liotli t Hiau Ilu slug 
It IM p issil II luiwiiir to miw Hu UmiMralun of ihi 
hirki III III! iiiilu li 11 liiniBii lar inoiigli aluni thi 
fusing punt I ) prulmi a thinli noaing slug 



I Ig 16—*swcdmh ilectiie ore redncing fornocr 


(ormen w they ore eoiutruiUd for low vollogia AH 
are fumMos have the defert that the beating lumnl 
of thnuaanda of amporea, wbuh in induitiou fumoies 
11 generated m Ihi < barge itstlf murt he bnmght in fnim 
an external oouree A eharge of Ifi tniu nquircu a cur¬ 
rent of about ITdnO amperes and tlio ounduotiun of 
the itiU Rtruiiger ourmnU requmsl tor i haiges exicssling 
30 tow prwenU diBliultii*, that have not yet been ovir- 

One of the gnatoet diffioultusi u m« t m Hu i nnstnii - 
tion of the ileotrodei lAige eleotrodes usuall} lorri 
A nr 7 ampema par iquBra oentnnubir no that a i m iiliir 
eleetnule narrying 20,000 ooipen ■ would Imvi a diami ti r 
of Ad pentunoteci (about 25 imhea) Hoinogimoua 
oleolrodea of theoe dunetisiona oto rerv diffleult to pro- 
ilime and rapidly diuntegrate 

The Ilfu nf the deotrode ii ihortimd hy nndalion 
In order to allow tho eleetrodea to Im puxiud down as 
they are eouumed at the lower end ihev must pans 
throng tho fumaee oover with wuni tlearanee through 
which bunung gaeen onoapu and onduL the upper parts 
of the eleetrodM (Fig 2) When tho gradual lowmug 
ot the eleetrode brmgi tliia partly oounuraod portum to 
the furnaoe oover the olearaoee and tho evil oiu in- 
ereaoed Fmt hu reason it la customary to pmteel the 
upper portioB of the elentmle by a waters ooling ilc iieo 



IwiMlaf thnwe (ifU). 


euit lilts armngimiiit lonstitiitih a sinihnmoiis 
inoliir so that thi mogmliriil sigiiuiit if it is rot Hid 
in stm hnmy with till illinuiling iiimnl will mntiniii 
to niiati at Hu sami spissl Thi pnman dilTi n ni e of 
pboM ion thin lu regnlatid at will hi nuulifiing tin 
exdting diml lurrint 

Attimpts to null < ild iluugis <n imluiHon fiimiuis 
hail pniiid iqually futik riii inlnulueluni int > tin 
melliTig iniughs of mm rings to sine tim|Kiranli us 
cIouhI seiiimlan (ikuHh is iniuhliMiini and it is usuulli 
inadmissihU for chimual nawms in ihi prodiiitiin 
of high gnulii Hill I 

Spiiial atUntiim liou Ixsn gum li> inimtors In Hu 
lunhlniiUun if a luorlh niitnbli I ir nutnlbirgiiiil piir- 
piiMs and many paliiite hiii luiii issued in this Hi Id 
Phi Kois tiling sits 1 1 oiniNiii} has pats no il two funiui i s 
with himpk ilnsiil hiortbs digs 14 and I >1 In I hi 
staiiilord Kiuiiiliiig-Rodinhaiiwr fumwi null a smoll 
purl urn of till siiuiidari nimnl is pmshiiiil iiiiimioiiI 
ari win mil and sommunuatid to tin iliiirgi Ihmiigli 
eIntiiKlis bill 111 Ihs mw Kmihlmg funuui■> tin wholi 
of thi hiatiiigiumiitishopnuliiiidaiulminmnniintid 
Hinii lIuiM funuuMM an not indiulion fiimuiH liul 
nsisUiiiii funuucH niuraltd hi Iransfomurs Tin 
pii uliar oilvaiitage Ilf till mduition fnnian tin gmem 
tion f Ihi strong hinting luirvnt mtinl} m tiu ilnrgi 
itsilf IS fiirfiitid and the odvnntagi of tho simpli 
haarth without tcouglM is offsit h> tin nceessit} of iiiii- 
straetmg ixhmal londuilors aiul ilrntnulis ia|iahli 
of earryiiig tht strong iiimnt safilv and efiliuiiili 



Fig, 17,—Herhig ere-rednetng farnecc 
<»U). 


Till iliilri ol ndiiitoii rf iron on Iish nnnlli hem 
nlliiiipud mil mill s Hill sun I ss In Stuudmaiia end 
( nlirnriiiD whin w itir |miwi r is i luup this imHind hnu 
Imiii imiftlihli imploiid for oiirul viurs 
M )st of Hu I iiMiiimiiis III till tleiini pnHluiiuin 
of pig inn lull Imiii niiuli with an funuuss Sias- 
snno s llmt fiimiii was ilisigiuil for thi iidutlinu of 
mm OK SiibMi|iiiiilli Kilhr and lUnmlt ixpin 
iiuiitsd Willi ir r rnuis bill tiu first pnutiial siueihs 
wns iililniniil m s i h ii bi (inKUwall landluid and 
St ilium whoM spi mill Ills lugan lu 1W)7 

flu ir lulu iiig fiimiui Ilf (inMnwall I milliail and 
Stallinni I ig Hi) is uri similar in form to ihi orditiori 
blast firniui h \|m rum ills with thiw fumoeiB ore 
luw I ling I mini lid on i Inrgi ss di hut thi n suits 
II t olitniiu (I d > nut III siiliiti II isuiin i ommi n lal sm ■ i ss 
In (iiiinani l(illiutiin liis nlifuimd giuMi nsiills 
viiih IhiIIi ar riiriimis and iinlui lion fiimoiis Hi* 
iiiduitum riimiiii liki Ihi iii w Kmshlmg fiimaii la 
1 SSI III mill I nsislaii I fiimuu m whiih tin iliorgi 
forms part of thi nmndan i ir ml of i Iraiibfurmir 
Aniiuig Ihi mini luituilid sisluin. nf ileilm ore- 
n dm turn one of tin mist nilin sting is that of (liniig 
who implies tbi nsibtuii ■ fiimoii shown in hig 17 
hiisioii lakes plan in Ihi two lowir slmfls fnini whuh 
tin nidliii imlil is i mlimuiisli i\)Hllid In Ilu so- 
lalliil l*iiuh ifTiil lirst mndi known In Hiring and is 
nploiul In fnsh uiaUnil intmiig lliioiigh lalonil 
ilmniiils hig IH shows Mils fiimoii uiinliinid with n 
htiil riirnnii into whuh lln iindtin mni is disi hari.i il 



Fig 18—Hcring combined ore reducing and atccl 
fnnwee. 
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SALE OF BACK NUMBERS OF THE 

Scientific American Supplement 

TO BE DISCONTINUED 
0/ Importance to Librarians 


The Scirntilic Aiiieriraii Supplement is a 
uiiH|ue iieriodical. 

I'jiiahlihhecl in 1876 to describe ihe exhibits 
oF the l’hiUdel|ihia liilenialiiinal Expiisiiion, it 
pniveil so Micccssfiil that the publishers decid¬ 
ed til continue it on broader lines. 

Whenever a 'I'yndall, a Huxley, a Helm- 
hull/., .1 Pasteur, a Idcbie, a Crookes or any 
other prinee of science roKC in the learned 
societies of Kurupe and announced some new 
rpi>rli-niakin|{ discovery of Ins, his own words 
appeared in the Scienlitic American Supple- 
nieiil. The technical papeis read by engineers 
before societies in America—papers too rccon- 
diie and too liiii); for more popular periodicals 
'"bale been cn’cn a place in the Scientific 
Anu-rlcan Supplement. Americans who could 
not read foreign languages found in the pages 
of ihc Scientific American Supplement the 
utterances of great European physicists and 
cliennsis innislaied into English. 


So, in the course of time, the Scientific 
American Supplement has become a kind ol 
encyclopedia of scientific information. It fig¬ 
ures over and over again in the footnotes to 
monographs and scientific treatises; it has 
played its part in research of all kinds. 

As remarkable as the publication itself is the 
method by which it has been made accessible 
(u ilie general public. Every number of 
the Sdentlflc American Supplement 
from 1876 to 1915 la kept In print. 
What la more, the numben of 1876 are 
aoU for 19 cents Juat aa if they were 
publlahed today. And this despite the fact 
that publishers of nrwspapera and periodicals 
often charge several hundred per cent more 
for back numben than for new onee. 

llie Scientific American Supplement will 
continue to print the papen of great tcientisti 
and engineen U it has in the past. But the 


For a few weeke only we shall be able to 
furnish all the single numben of the Scientific 
American Supplement or bound volumes. 

Thia announcement ia made for the 
beneSt of llbraiiee in which complete 
sets of Ae Sdentifle American Supple¬ 
ment are not to be found, and for 
thoae intereated in adenca who feel a 
lenuine need for an encyclopedia of 
science of the moet'dlveralM kind. 

We will also supply, free of charge, on re¬ 
quest, copies of the Scientific American Sup¬ 
plement Catalogue, in which all the papers 
that have been primed in the Suppkraem lince 
1876 are index^. Thu catalogue will not ^ 
published jn the future. ' 

Order back numbers or bound vol¬ 
umes of the Scientific American Supple¬ 
ment now either Jhm your bookseller or 
directly Jrom the publishers. 


policy of reprintlnt back numljpw will 
be discontinued. 


Order Bound Volumes of the Scientific American Supplement Now 
MUNN & CO., Inc., Publishers : : : ; : 361 Broadway, New York 



















































Beene «n ■ bumna laden atcaaer at the Qaleeaton decka. 

Unloading Bananas by Machinery 

New Methods of Handling Delicate Fruit Rapidly and Without Injury 


Tm elty of Oalvaaton U a port-where many ahip- 
loada of baniuiaa an teoeived to be tuloaded and eent 
by triinloadi to weatm nod aouthweatem oitlea, aa 
the banana h eaten aa lenAally aa the ^ipla or peaeh. 

Vndta are generally deUsate metohandlae that require 
eara^ handling, and tiila la partloalarly the eaae with 
hananaa, wbiob oannot be oonrenlentfy peaked, and 
whieh, In thia oountry, have aueh a long Joamey, with 
many tnufera, befoN reaching thdr market. 

Tte of thla froit at Qalveoton la performed 

by an Ingcaioua meahanlawi operated by electrlohy. 
. Ranged along the fruit irtiart are a nomber of odd look- 
iagt pyrnmldal hooaea, eaeh with a aort of an elephant 
imk protruding from Uhir Mea. Theaa ate tht 
■igotrlmlly op«^ frnit oonveyota. Aa aoon aa the 
aUtp la lAM alongitda, the trank fwliiga ont and diopa 
tha hatebea Into the 
torn and the aanvaa 
Idea from the hold 


Down in the hold the men lay tho bunohee of bananaa 
onto the oonveyor, placing a oingle bunch in oarh pocket 
aa It pteaenU itaoK. Aa the bunsbca reach tbo wharf 
end they are taken by men who hurry them off to the 
vnrioua raUioad can on nearby tracha. The wharf 
appeon then to bo awarming wilh moving bunehea ’nr 
bamwaa aet on two legi. 

An expert fieiid>t elaaaUer Inapoota eeoh bunch aa 
it la earrled away. "Number ninol" ealla tbe exptrt, 
and the man under the bunch movee to the open door of 
a oar from which a flag diaplaylng the figure "U" ia hung. 
Thla grade ii tho highlit in bananaa. and only the beet 
bunoheaol the flnneat, moat mature fruit arc lo ehuMflud; 
yet meat of the buiM^ brought into thla port an of 
that quality. There an aleo "eighta" and "aevena,” 
tbeM being ripar fruit. Aa the olaaeifler 

eaUa "yellow flag," the toter oarriee the bunoh to a ear 
where riper baneaae are loaded, mounting fanptoviaed 
atapa and paadng hb bunch np lo tbe men Inaiito, where 
it ii neatiy ataekad on the bottom of Aa oar to be 


ahlpped to aonic nearby iimrkut wlipn lliu fruit can he 
diapoaiid of quii'kly. 

Bofoni thia niwhaninal carriur waa pul to work it 
waa cuatomary to have a lung linn of men ataliuned at 
anu'a, length apart, extending fmni tho doptha of the 
hold of the veaaol to thu freight oara on the dock, whooare- 
iuUy paeaeil tho bunuhci of fniil from hand to hand in 
endleaa auccoeaion, tliua neoeaaitating a large number 
of men and roaulting in many handliDga. 

There arc aa many rarietles of banamiM ae there are 
of appleii, and they are both red and yellow In color. 
At one time It wan euatomary to rail tbo yellow varlaty 
Iriantalna, and the red frnit bananaa, hut nnUiarlUea 
agree that there la no ipecUle dlfforenra between plan- 
talna and bananaa. The yellow variety la the kind Im. 
ported Into tbe United Btatca most frequently, and In 
the greateit quantltlea. although In aome locaUHea the 
red frnit If preferred. Moat of the latter are the kara- 
coa. or Bed Jamaica, while one of the heat of the Urge 
yellow variety U the Mnrtliili|ue. 


n Idte .eonvow biM down thrinigh 
hnU. Uten, thn Rbrnb tiigiq to 
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A Record of Achievement—I* 

The Contribution of the Chemist to the Industrial Development of the United States 



nulwlllulloii Ilf arcurete, de(ifudnliU>, oud iiou- 
fail^ mutboilH uf uiit-retluii for "rulo of tbunib” and 
••beKor Hkulter" uirthoda mimt appml lo ovorj tuiinu- 
fiictDiVr uH H aliH-lcIcd BiIraDcemont and a valUMlilo coii- 
Irllmtlun. 

TbB cbviultiL bun iiuiib> tbo wliiB liicliiHlry riniMiiMlily 
liiih-|)i-nili>iil of LMImutIo LVudltluiiM; bi- liuu viialileal It 
lo produu! HubHUiutlally the uanir wiiio, your In uml 
your out, no mutlor whut tbo woutbor; bo hnu reduced 
Ibo upolbiKe from 20 iut font to Ubl i«t rent of the 
tolul; bo bnu luoTouuod llio Hhl|i|iliiK rudlUH of thn giuidu 
uiid liHH mude iirnwrvutlvaui uiiiioccuunry. 

Ill tbo cu|i|K>r liidiiMiry bo bau loanieil niid tnuKbt 
how to make oiiorutluiiH uo coiiutaiit and ho coutliiumiH 
Ibut Id tbo maiiiifucture of bibitor copper vuluuMoiia am 
leuu tliun |l Bimrt on every yiU,(Ml> worth of product, 
and In reUnod copiuT tbo vuJuaUuua of the iimduct do 
not differ by more than fl In every yCU.iuKi worth uf 
pnalucf, Tbe quality uf onlput Im nuiliitnlmal ivniatuiit 
within mlcroaouiilti dlSercnceo. 

Wlthuat tbo elieiubit the corn finalwtH lialuatry 
would never liiivo urbwu, and lu 1U14 thia liidiiatry cuu- 
Huiuvil aa mnrli ooni aa waa grown In (bat year by tbo 
nine 8(atea of Maine, New llampehlre, Vermont, Maaaa- 
rhuaeltH, Ithiale lalaiid, Connecticut, Now Vork, New 
Jenwy, and Delaware comUned: tbia umonnt la equal 
to the entire iiruduotiun uf the Htale of Norih Carolina 
and about M) iwr cunt uf tbo pnaluctlou of eueh uf tlie 
Htaica uf Ueurgla, Michigan, and Wbaxioaln; llie cbom- 
iHt luia prmluceil uvvr one liundrvd uMoful iviuimendal 
prudocta froiii corn, which, without him, wimld never 
have laain pruducud. 

In Ihe aapbalt luduatry the cbenUt baa taiigbt bow 
to lay a road aartace that will alwaya bi> goml, and be 
baa Icbrnod and taught bow to cunatruct u aultable nwd 
Hurface fur different couditiuiia of aervloe. 

lu Ihu cuttonaecd oil luduatry, tbe cbemlNt atandard- 
laed uiothuda of production, reduced looaeH, loercoaod 
ylelda, made new uae of waatea aud by-productn, and 
baa added aomowhete between yiU Ad 112 to the value 
of uacb bale of cotton grown. 

In the ciiment Induatry, tbo obemlat bna aMvrtaliied 
new Ingredlonta, baa utlllwal iheretufore waatc pnal- 
ucta fur Ibbi lairpiaw, baa mlucod tbe waale bcuiw of 
many ludiutiiiai and iiia(k> I born bbi atartliig material; 
be baa alaodnnlim'd metboda of inanaAicture, Intro¬ 
duced methoda of chemical coutrol, aial baa Inaured 
cotutancy and permanency of quality and quantity of 
output 

In the Bugar Industry, tbe chcmhit baa boen active for 
so lung a Ume that “the memory of men runneth not 
to tbe contrary." The sugar Industry wlthoul the chem- 
In bi unthinkable. 

The Wclabaeh mantle la dlatlnclly a cbcmlat'a lii- 
veiitluu, and Its Bucceeaful aud economical nuuiutarture 
dqienda largely upon chemical metboda. It would be 
dUDcult to give a Just eatlmate of tbe ecoiimnlc effect 
of this device uiam Illumination, no groat and valuable 
la It 

In the textile Induatry, he baa aubsUtuted uniform, 
rational, well Ibougbt-uul and simple metbods of treat¬ 
ment of all tbe various textile tabitea and flbera wberu 
myatery, cmplrUdam, “rule of thnmb” and tbelr aoeoin- 
panylng nncuruintles reigned. 

In tbe fbrtlllier Indnstry, It wia tbe cbemlat who 
learned and who taught bow to moke our Irameuae beds 
of pboepbate rock naeful and aervloaable to man la the 
enrichment of the aoU; he hM taught bow to make 
naaic producti of other Indnetrlea nseflil and available 
fur fcrtlllxatlon. and be baa tanght how to make tbe 
gSH wtirka coaliibute to tbe fertility of tbe eoll. 

lu the so<la Induatry, tbe ckemlot can aiiiiiaaifiillj 
Claim tbal ho founded It, developed It, and brought tt 
to Ita pmwut state of perfMUon and ntUlty, but not 
wltbont the help of otber tecbnloai men; the (nada- 
aaental Ideaa were and are cbemlcaL 

In tbe leather Industry, the chaaMat has given ns bH 
of tba modern niathods of mineral tanning , and wltboot 
tbam flM modern leather Induatry la nnthinkalilak la 
•Am addii bstoia llw Aowleu Cbtad^fl^MMr atlbi 
artMb OMttlae, Ntw Orltaat, Harefe MotiAyrU M, ItUk 
mot TM y aaraa l sf iadosIrMMg JMIaianaa oaeoMruv 


By Bemhurd C. Hesse 

the niw uf vcgetalile-Unned tanthor bn baa also atepped 
lu, HiBiidardlzed the qoullly at iDcomliig material and 
uf luilKiilng pruluct. 

lu llu) flour Industry, the chemist has learned ami 
taught how to select tbe itruper grain for apedfle pnr- 
lu staiidanllae the product, aud huw to make 
Huur avaUeble for oartaiii aisiclllc cnibuuy aial food 
IHinsaHa. 

In (he brewing Industry, the ebamist has standardised 
the methods of determining the quality of Incoming 
iiiaterhil and of outgoing prodneta, and baa aisdstad In 
the development of a product of a quality for beyond 
llmt itbtainlng prior to his entry Into that Induatry. 

In the prcaarvallon of fiwda, the cbemlat made tbe 
riindamental dlacuverlcM; up to twenty years ago, how¬ 
ever, be took tittle or no part in the commercial opera- 
lliast, but now la aUniwt indls|iensab1e to nanmetdal 

HUcreMO. 

la tbu water supply of dllea, the chemUt baa put cer¬ 
tainly III the place of nnccrtaluty; he baa Irariiml and 
haa shown how, by chemical metbods of treatment and 
control, raw water of varying quality can bi- made to 
>leld potable water of anbatantlatly nnlform compoal- 
ilou aud quality. 

Tile celluloid Induatry and the nitro-eelluluee liulna- 
try owe tbelr very oxisti-uce and nim-b of tbelr deiel- 
opmeut to the chonilat. 

Ill the gbias luduatiy, the cbmDlat has knrned and 
taught huw to prepare gtasaca aultabla for Ihe widest 
range of uaea end to control tbe quality and the quan- 
llty of the output 

lo tbe palp and laipnr Indnstry, the cbemlat made 
the fundamental obaervatlona, Invantlona and opera- 
tlona, and to-day he la tu control of all tbe operatlona 
of the pbint Itself; to the cbemlat also Is due the cheap 
production uf many of the mnteiiala entering Into tbbi 
lialuatry aa well as tbe Increased and expanding market 
for the prodnet Iself. 

THE sTATianoaL roaRimi. 

For the ceiiaiis yoer of 1006 the wsgeHwrnera and the 
value of maiiDtactured products and tbe valna added by 
iiiHiiiifocturc til twelve of than indnatrlaa and In tbe 
iiiaiiiifacturc of chemicals Is given In Table la. 


mauutactare-valuea and lOJt par cat of ear taluat 
added by manufoetnre. But tbe total number e< diam- 
Ista makes up only about aoi per oent of the populatton 
of tbe llnltad Stataa. 

Hu HxnoM <UH M KVHkTTMno itmu. 

Of course. It may ha mid that havlnff mada sO tluaa 
uiher things, thare la no aocnaa wky tha AamrlBan 
should not make ooal-Ur dyea In addUkHL Parhapaao; 
but uaUona, Uka Indlvidiiaia, cannot aaeh haaa or dp 
everything. If each nation could do evaiytUiw agnallr 
ns well as srsry other naUoo. there would ba no ocbU' 
Htoo whalevsr for tnternatlooal bualnaaa, la ttds world 
la cuustUuted, each uatton doM that which it can do 
tbo best and tradea off tbo product bw what acoia ether 
nation can do better than It, and both ildm an aaUa- 
flvd and make a profit; UHa la the aama aa the rela- 
tlmuihlp botweea ImUvldiHUB. Tha ahoecMkor con main 
KhtHs better than he can bake bread; ba makea shoaa 
cud exchanges part of his Income with the baker for 
liread which the baker haa made. 

If American chemists can operate tbeau Ind oat lies 
better than or as good as other naOoiia, It la no real 
grouial for criUdam that they cannot do avarythlnff 
better thau any other natton. no more than tha ahoe- 
makrr la to bs crltlcbied bacanoe be cannot make as 
good a suit uf elotbea as tbs taUor. If you want tbs 
Hhuemuker to ba able to make a auit of clothas aa well 
as tbe tailor yon must provide him with the opportu¬ 
nity tu learn how to tailor and take care of him while 
be bi learning, and uo doubt bis auit of elotbea wlU oust 
him more than It would cost an establlal^ tailor to 
turn out the same kind of a suit of dethes, and you 
must again bdp your shoemaker while bs is trying to 
market bis snlt of dotbes apiinat the estobUsbsd tailor. 
ouiuTCXM AonrrUMtai. AuancAii cHgMtcAi, unumiis. 
The above ninetew American' luduatrlaa nforrad to 
by no means comprtae all the American Indnatrloe In 
which tbe chemist can be of help and aadsta^M Many 
more are open. 

A search ttaroagb tbe omaus for 1606 dlsdoesa Ibe 
dghleeu additional Indnstrlea listed In Table lb which, 
make nan of cbmnlata In the control of tbelr oparaUans- 
In tboas eigbteea additional Indnotrlas the chamist 
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AMCHOAW otuvamaa vs. ooai,^ab nna. 

A moat Ubwal eattmata of tbe market value of the 
world's entire produdlon of coal-tar dyes places It nndO' 
filOdAXNlOOO; tbs entire ecnsnmptloa in the United 
Rtatea to leas than llOvOOOiOOO^ duty ladudad, and Ihla 
amoonta to about U cento per person per year. 

Mow, which would yon ratbar have; tbsoe thirteen In- 
dnstrtoa with their |a,fiOO,OOOAX)0 worth of mairafoe- 
tnred product or the coal-tar Induotiy with Ifo flOO,- 
OOOAno worth of produetT The number of pareona «»- 
ployed In tbaae ahove thirteen Industrial to In mccmb of 
000/100; the entire world’s supply of ecal-tar dyes to 
made by fower than 40fi00 people. Which would you 
rather bavaT 


affects 8 per cut of onr wageearnan, 12B per cant of 
onr maunfaetnie valueo, and 8.7 per coat of onr values 
added by manufacture. Fur thaw thlrty-eavmi tndustrlen, 
tbon, the OlOI par cent of diemtota of our popntotlan 
dlredly affect 10 per cant of our wase-earnera, 84.A per 
cent uf onr manufoetiira tbIuss, and 903 per cant of 
our valnae added by mauufoeture. 

This, tbereforav to a maaaiiie of the Infioetiea of the 
efaemtot upon tbo InduatrUI derelopment of tho United 
Htutrs; however gntUylng this raniU to, It to navar^ 
lean true tbat many other indnstrlea could aovloy 
chemical control to great advantan If they only would, 
and many oetahltohiiianta under the shove dtad Indna- 
trlea could. If (hay would, mahe uoa of dtomleal ocn- 
truL There to plenty of work left for tbe tltMUtof to 
dn In these Industries to keep him fully and profitably 
engaged. Tbto being so, why abould be not eontlniw lo 
direct his eoerglea to Improving thoae things that he 
already can Oo, rather than attempt new and axctic 
things which otbm can do hotter than boT 
THl rOIBHH BOaiHUH. 

8o much tor onr Internal lalatlona. How about onr 
lutsniatlonal relatiooal To onawor this quMloa I will 
lies tbs o l Bri a l ctoadlkatlon at the Garman ■uvammant 
■a to what cDoaUtutaa prodnotc of and for -IiiuiTtI In¬ 
dustry and atoo tha aama g ov e mme n t'a eerravcBdlng 
fignraa for 1«U. 

No two oonatTlBs. apeaktiiK through thair gtetteUeal 
dapartmautoi have the aama weddoff dafiattlon of ebam- 
Ical industry. Nona of tha cOdal tfaaaMkatlonk to as 
octeprabiaalvu os' la the oflUol Oet^ etomtacatinn 
• So for as tha eiAaiita of ptoduete and eoamedttlM 
luVotvadlnehamloalpurcnltetoucucitBa d , tha Oafmon 
elaaallleatlan ahosn a total of 40 Itma, at whMh 896 
are lavelvud In tntenatteoal trade betwwn Ocnany 
and the United Btatea. AeocrtlBf (6 theoa dgUM and 
thin MaaMficatleh, the UMtod Statoa Importsd from 
German in igi& mMOM and antetad *- -- 


These thirteen Indnatrtoa employ 8 per oaut of all lUWM^O, ar .f (otel M^nto* at «Uh a 

wafft-eoniara In maiwifor tnring anterptiaii In the holanoa to fhvar bt tka Unjlad ttalaa O fairit^-MU j 
Unltod Btatea, produce 19 per emt of the total valna of have saMetad t/am tui tpt m at HaM bt Mteam 
*iOi««Q*«wW6hd.1hto«itia^ 

value added hy monufoetww 1« edter weeda the ahem- 
tot aannto l in Ocaa thtotna punuito playa aa tmnor- 
tanc tt DotlndhonoMd part la the UvM cd 8 per eu|| 
of onr wagManarik aai BOwto U pw uwt O <t|*. 


tfett .na '8it patoi tpmmt'rnd 
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d. petfolBom u It ■dll a ud- uteuMiit of man; ot onr Indnatrial nittfpilaea n4lll^ tha mrit tktt tl 


aad atbtf ctaMar djrtn; tkat wa idl Owman; lii| chemical knowledie In thdr « 
JMM UMOSt <!< pl( and acrap lead, ae time men In reeiMnrible poetUuni 
0iiinin|; adb na «t aUfai^ aBd'anttuacana dyaa; that leal vAoeatlon eren along the lli 
wa aaU Oanpahr almoat aa mneh parafflna aa Oarmany Ouauclally active. In tboae cai 
aaOa.da a( bdifa; and ho ah thra^ tha Uat and diemkail pruhtemi an not 
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liig chemical knowledge In thetr exploitation. Many of 
time men In reaponalble poatUuna do not have a chem¬ 
ical udoentlon eren along the IIimm In which they are 
Bnaudaily active. In tboae caan chemical uovcltlea 
and diemlcal prubtema an not paaaed npon, on their 
merlta, by chomlata or by men with a chemkal point of 
view, but by merchanta, by lawyen and by bankera, 
men who, by their very training, an not capable of 
taking the chemlal'e paint of view, of having the ebem- 
ial'K arnae of iiratnitlon. and an unwilling to take a 
chembit'a chance in a chemiat'o way. Thcnln Uea, per- 
hai« nnire than In auy other one thing, the renaon for 
Uennany'H auptemacy in moat of the branchea of chem¬ 
ical induatry. That alao la tli« reaaon tor the auccivia 


re oftn haea left la a |»al 
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BBUTiva quAUTtaa or iMrom awn icxroaTN. 

Of oourw. It wUl be cnotended thdt the ihliiga that 
we eell flemMoy are, from a chemical point of view. 
leM rnfined, L Cm Involve Icaa hard chemical Intellectual 
work than do our Importa from Uarmany. Hut, la moot 
of the piitaah, which b praetloally mined from the 
ground In Oermany, any more of a nflncd pnalnot tlian 
the idioaphate nick we aell themt Ilona It not Involve 
■lulte aa much chemical lugvnnlty to tirortnee good lllo- 
mlnallng oil from petroleum an It duea to produce many 
of ttw coal-tar dyoal There la no queatlnu that the 
geueral poaldon above outlined le correct, namely, that 
our producta, aa a whole, are Icm reflned than tbuen 
tbit we gel, aa a whole, from Oermany, hut la that 
not true practkally throughout our entire export and 
Import bliglneBT Are not the textUea we export of a 
lower grade than thooe we ImportT Are nut our leather 
prodnebi lean refined than thoao we bnyV And w on 
down the Hat That bring ao, why pick out the cliemlat 
■a a qwclal mark for crIUclam when he la at leant up 
to the average of bln ourroundlngi? 

In 1913 the ^otal fbrelgn burincaa of the United Btntea 
amoimted to yd,22T,848,BOO, and the exceaa (d exporta of 
all Unda over Importa of all klnda amounted to 9801,- 
im,94A 

The trade In chemkala and producta of end for ebam- 
Mal Induatry between the United Statea and Germany 
In 1013 fumlahed 0 per cent of that total of Intemi- 
thmal bmrineaa and provliled 13.8 per cent of the balance 
of trade. 

- THB nm-uaxca or the cBntiar. 

The aympooliui ot papera preaented to-day conitltatai 
a record of prond aefalevement, of aoUd nccompUahment 
In nineteen dlflerent branchea of American Induatrlal 
activity, to which odvanoe the appileatton of chcmteal 
knowledge, ebemlcnl prlnelplea, and chemical experience 
by Amerlenn chemlata ban contributed n noble xbare 
and on eOeetlve part It la perliapa true tluft mnefa of 
lllidt progceii wwdd have coaqe wlthont the American 
It—bat tt la aqually true that under tboae eomU- 
ttoM the advaime would have baon mndi alower and 

hare kippcMd at an wltboat the tUthfid, entbariiBtlc 
"had alitt ceKwanttai of the Agterlcen chemlata on the 
Job. Wlttl MNh a leeord, the Ammlean cbemlot otn 
bgW W hie Med with pride and oelf-emifldanea irm In 
the beltaC dad worriated la hla eonvlotlnn that be baa 
Am a «orit. th h manVway, that ba boi not 

tlMpi an oat a doth, nor a drone, but that be baa 

taea oaa. aMhe bodad oT bov worbera, with a haw 
ggrb bad oa alM titdiaet; elwaya ■aaRhliit ftir an op- 
tiw »>■ InAutqr, and for 

■,.';ilgpbwtnaf (d tbo eddUM ot Ida trilowmaa 
atffdduor. 

V ^ 'bM pot dm dore la by DO mwaa 


Th<> chcmlHt muat not iittcmiit to oIimuIvo hlnuiclf from 
nil nwiHMiHlhlllty for tlie prevailing lack of Hi>|ire<-lHlliiii 
or Hki-iH Icbuu among cnpllallHta and Itunkera of the value 
ot cluHiilcul work In Iniliwtrinl u|ieratlonM. While iiHiiiie- 
tent eliembilH and chemieal eiiglncera by their very- ef¬ 
fective work have wrung from reluctant flnnnetal men 
pioiicr Hckimwledgmeiit of the value of chemical ex- 
nmliiatloo, control, and niaiugemeut ot entcriiiiaea re¬ 
quiring Hueh, yet Iho work Ima not gone far enough. 
aiHl It In nut at all unoaual A>r flnnnctul men (o hiii>- 
|Hirl wUh might and main cnterprlHeM whh'h any qiuill- 
Hed ehemtat or cboroical engineer eoulil uml priginlily 
(lid tell them were foredoomed; alao It muat not Im> 
forgidten that (|uallfled chemlata and chemical pugl- 
iieen, like other prufeaalonal advlaera, have gone aatruy 
ill their calcnlattuiia and have aui^rtcd entcrprlaea 
which ultimately fallwL The mining, electrlcul, and 
mllroad englnwra IliuUy au<.vcidi<d in olitaining fhelr 
preaeut Influential pradtlini among the Induatrlal coun- 
clU of tbU country, and with Ibu brilliant ancecwi ot 
tbe chemieal euglneera of Germany In the mmo dlfcc- 
Hoii It la not too much to ho|io that iiltimnti>ly ihe 
Amerleaii ehemlat and chemical engineer will come Into 
Ilia own. When ho does, there will be far fewer ex- 
liloltHtIuiui than heretofore of the wild and raiilaallr 
Hcbemea of ehemfaal eiitcrpriBe now ao caally fliiam-eil 
by Iho gullible iiurllon of our Inveatlug public and fewer 
and fewer Ikllurcw of chemtcal entorprlaeB undertaken 
In good faith and aeiioua mood. 

Therefore, let every cbomlit In advbdng on ehorolral 
operallotia prominently bear In mind that failure to give 
correct advicn not only mrti npon him but upon each 
aud every membor of tbe ebemical profmaloo and 
meroly heliw to poatpmie the day when the cbomlat will 
come Into hla proper posIiloD among tbo nukera of the 
natloiL 

CONOlIOa AHD caawMiAL iivdubtbt, 

Like every other Induatry, all tbo branebea of chem¬ 
ical Induatry are dependent for their nitimate ancccaa 
uimn economic condltlona. They muat be able to aell at 
a price greater than tbclr coota. It la not eruougb to 
have the matorlal, the men, and tbe "know how"; yon 
muat have the markri oa wriL However, tbe attitude 
of conaumera of chemlctla In tbia country boa habit- 
lully been oppoeed to the creation In thia country of 
condltlona favorable to the mannCacture of ebemlcala. 

Tbe following quotation from an addreaa In 1010; by 
t». W. H. NIefaoV pcaaenU tbla aspect ot the problem 
completely. 

' "If a eomparlaw wart made ketweea tbe eboakal ladutty 
of thti oooatfy aad that at athar nentrlea It woaM be (baad 
that tbe ladastry la thU esaatry la moet rapKta la fully ea t 
par.wtt^thatjiBhaay otter eoeaby. aad la eoBe rMpeide a 
wtD lirtbV taam It la a poblle notlaa that onr ladiwtry U 
coddled by the taiUt sad a thereby baaed apee b eoaiewbat 
laaeceri IbaatetleB. Uke aaay otber pekllc aoUoaa tta a 
set trae. It wlU be aaea by eaeael exaaliieHea of tbe ba- 
poett that ttece are a aiabn at ehtariesla which are not amde 
la ttli coaatiy at all, aad a aawber at othera w^leh are made 
eely to a medetsta extent. Tha a net dm es ageb to laek 
of eaterpclse of the cbeBleel ■anet a cterera la tbs fast Oat 
the tarlC b dbUaetly oafivenba te ttc meBOlaetara at Bosy 


llii>.v (lealrcd to found II waa for the reason that capital 
could lie more profitably employed otherwhie and money 
luiH Ihe Btubborn habit of going where It can obtain the 
blggcNl rvtum-lung walla anil uncerlaln rosulta have 
■III Htlmetlona for It 

(To bo cimtiHued.) 

Tbictiire of White Soap* 

It bi oeanmod that when a aurgeon b waablng up, In 
preiianiUoa tor an operation, the aim la to thoroughly 
clcanae the akin and to remove all gresae aud otber 
inattera which are liable to ontaiqila or harbor bacteria. 
Kor thb parp(iae,.Bott aoop le generally employed, either 
aa each or aa made up Into tincture ot green eoap, or 
otber similar alcoholic solntloiM. 

Throe objectlona to loft or green aoap appear, via.: 
(1) It carrien much free alkali, which teuda to roughen 
tile akin; (S) It baa a illaagrceablo odor, often masked 
by the addition of oil ot lavender or (gtrlaillc ueid; (3) 
It clings to tbe akin and cannot rtadlly lie ao romplotely 
removed that no odor Is left 

With tho aim of preparing a liquid aoup which will 
not carry theac objectlona, I nought to subatltute tor 
thb* UMC white eastile or Maraelllpa eoap. Tbla aoap la 
aolublo In alaait 0 parta of cold water and In alMHit 17 
liarta of alcohol, wbteh aoliilbma are far too dilute 
for the UBC In qucatlnn. 

"White mmii," however, la aoluldu In about two parta 
of dilute aUHibol, and tbe addition of u little ammonia 
further Incrcaaea lUU aoliibllUy. ao that with It we can 
obtain a aolutlon eoiitalnlng na much true aoap as is 
preaeut In an equal volume of tincture ot graen aoap. 
(Note that green aiaip, aa aold, retoliia the glycerine 
of the oil and much water.) 

Tbe name and formula propoaed fur thin preparation 


Of nleuhol .380 c. c. 1,400 c. c. 

Of water, diet .328 c. c. 1,800 e. c. 

The apeclnc gravity of thla U 0.97, which is Identical 
with that of tlnctuni of green aoaii. 

To moka one gallon: Mix the liquids for It in one 
gallon jar and then add tho soap, prevlonoly cut Into 
raarae ahavlnga. Crowd all the soap Into the Jar and 
cover It with a gloss plate. After 12 houre lUr, and 
again stir after some hours. Allow to settle 13 hours 
snd then filter, decant or ayphou off the dear liquid Into 
a can which may be kept riond. There will remain 
a few oonceH retaining the impurities of the soap, which 
may be used for less partlenlar xroshlng. If thla Uquld 
la expoord to evaporatloa for a few hours, ammonia 
and ahxdiol escape, and a moaa of the conslsteDcy of 
green soap wlU be obtained. 

This form ot soap alone has been employed by the 
surgeons In tbo University Hospital for tbe past year 
or more. While this preparaHoo la free fran the throe 
above mentioned objectlona to Unctore ot green eoap. 
It preeonts tha addlttonal advantage of oostlDg but flJIO 
per gallon, and. It tbe alccriial be obtained tax free, 
the cost wUI be about 80 cents per (elkn, white tiaetaia 
of green soap wlU coat one doUu or more. 

«»eU hrisee the Meflleel asclloe e« the Phnesephuia 
IMI,^ s( the Urivemlli of Tlrglala. 





















SOENTIFtC AMERICAN SUPPLEMENT Na20M 



KIk. I.—l^adlnK « aherardUlm dram. 

Ni'UKiiutiH pnnHfwpa am ('mploywl fnr 
iiikIhI urtii-li>«. Of lluMo Him Roni'ral i-Uuu la l»»od on 
llio of A c^ialinK of aiim to Iho work. Of 

tluj 7.in(*H*«aling priH'wMii'a, the oldt^l in wniinon uw w 
uiiiloiili1»«lly liol ifiilvnnialnR. Thia ia oam-nlliJly n 
ilipionK o|M mtioii in wliinh tliii work. afUir beinn imn 
piTly nloanwl, ia inimomod in a lank of molten r.in<'. 
Anollier nii thod of ruat-prooflnif la the eleolro-Ralvaiii/.- 
iiiK imM-iaw whii'li luul ila inraption before hot galvanir- 
iiiR, luit only until within thu laat few ilooaJes luw it 
conic iiiUi iiHo. Thia ia an electro-plating proiMwa, in 
whieh aiiie la ilepoailial from an amale ooto the work. 
In wlililinn to theae two prooeaaea. there are uthera 
haaial on the Immeralon of the work In aolttUoita of dif¬ 
ferent kiiida. and at liiaat one in whieh tlio aino dual ia 
aprayial on the work while luit. Another xine-coating 
)ir<Miiaa ia aherardixing and It ia tho purpoao of tliia arliolo 
to outline the ptaclioal aide of tida intenaling proceaa. 

TnK HiiKnanoixiNo rain'Kaa. 

The aherardixing proceaa wax originated in England 
hy Hheiard Cowiier-C'oloa about 12 ycara ago. Briefly, 
tlio pnwawa (ainaiala iu aealing tho work to bo ahorardlxod 
III uiclal rotorla in conjunction with ntotullio xino duat. 
The returta are then hnated until tho work at tho center 
liaa rcM'hcd n lempcraturo of from COO to 700 dog. Fahr.. 
deiH-iidiiig upon tho nature of tho work: at tlic aame lime 
the retorU are turnwi inlerinlttently ao aa to give tho 
xiiie dual acccaa to all |»aru of the work. Af^r holding 
thia heat for oeveral houra, tho time depending on the 
thickneaa of the coating deaired. the druma arc taken 
from the furnm-e and allowed to oool. When cool the 
work ia nnlahni. The aherardixing procoaa ean be ap- 
pliwl with ndvanlage to a great variety of arlielea, liow- 
Hier inlrioate. Theae range from a wateh aorew to a 
roll Ilf wire fenuing. A aliiwanllied aurfaoe ia light gray 
111 color, and the Hiiiah imparted la a fine matted aurfaco 
reaeiiihling that ohtalned by aand-hlaaling. Fig. 3 
ahowa a aherardixod aurfaoe mognifleil 7(1 timea which 
aenmnta for thn rough appeannoe. 

The action lliat takoa place iu aherardixing conaUli 
iu forming Imlli a xine-iron alloy and a coating of xino 
upon Iho material to bo treated, Tho xino duat booomua 
liortially vaimrixeil under the influence of the heat 
applied, ami tlio vaiior thui produood in oondenaiug 
u|H)ii the hut iron forme the prutoetlng coating, tho in¬ 
ner luyem of which alloy with tho iron, while the outer 
layeni provide additional auifaoo protection of newly 
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pure xino. Fig. 4 will perliape make Una point clew. 
ThU ahowa a aoellon through a picoe of low-eariwn ateel 
that haa lioon alierardixod. Thia haa been magnified 
1,300 timea and plainly ihowi the body of the tteol, tho 
xinc-lron alloy aoctlon ami tho pure xino coating above. 
It ahould bo cxiilalnwl that thia photograph waa token 
of a auction fonnod by outtiiig through the atock and 
poliahlng tho aurfaoe. 

ADVAKTAOEH OF TH« tBiaHAnDIXtltU MOCMIW. 

Sheranlixlng hu advantogoa over other methoda of 
7.1110 ooating, whieh may bo olaiwod under two heada: 
lirat, the auporionty of tho product and aeeond, the 
economy of the procoaa. The faot that the xinc coaling 
IMnotratoo unlike any other method of rims ooating. and 
omalgamatea with the iron, makea a flniah that oaniiot 
be worn or eaten away. In addition, the coating ia ao 
evenly applied and ao thoroughly driven into tho aurfaoe 
of the metal that it duea not alter tho exterior of the 
wlielo to any appreoiable extent. In fact, aherardiiiog 
ia poifeetly pnotloal for the protection of threaded 
acrewa of fine pltoh and it ia not not aocMeap? to roout 
them after the coating haa been applied if a alight 
oloaranco ii made when outting tho thread. Becauae 
of the nature of the prooeua every part of the article 
treated is reaohtri, the Inaulve of tubee or aharp oornora 
are ooated juat aa thoroughly aa the moreaxpoaod planoa, 
Tho depth of the ooating may be oonlrollod by tho 
metallic peroontage of tho nine duat, th* length of limn 
the boat ia applied and by the temperature to which tho 
rutorta arc aubjected. There ia no diatortion of deader 
piecea or thin objeota aueh aa might onour when uaing 
the hot dip, becauae in aherardixing the beat it wipUod 
gradually and the work juat aa alnwly cooled off. 

The eoonomy of tho prooeu la at onoo evident by tho 
low heat required, the temperature iff BOO to 600 deg. 
Fahr. being far below the mdtuig point of rino, whieh ia 
780 dog. Fahr. Lcaa aino b required beeauae none b 
waated. Tho thin but thorough coating that b applied 
ia Juat ai offootive aa the tblok rough ooating that the 
hot galvanixing proceta ghrta. A tberardliod coat of 
oue-half ounce to the equan foot afforda more proteetlon 
than a galvanixed coating of IH ounce to the tquare 
foot. No flu* b neoemary and the pieaenoe on the 




Kg. 2.—Charging one of the fumaeea. 

work of non-fatty oil in a moderato degree done not 
interfuni with the ahorordbing. . 

There la praotioally no limit to tho motollln proilucU 
that may be ahorardixed; in faot any artlolea that may be 
plaeod in tlin drum may he w> triiated. Oftenllmee druma 
of apooial aliapc may lie made to aecommodate certain 
produota. Scroonlng, wire, cto., may bo handled juat 
aa offoctivoly aa inflexible material by colling it and plno- 
ing it m that atoUi in the driiiii. After ahor^ixing, the 
wire or aereuu may bo atraightened without injury to the 
coat of HlierardlxlDg. 

Practically tho only limitation U> tho ahora^ixing 
proooaa ia the fact that on very amall tempered ateel 
artlolea aueh aa apringa, the heat of 600 dogroea or thero- 
abouta will draw the temper, leaving the motol in an 
annealed oondiliim. On moat work, howovor, thb ia 
not objeotionablo. 

Tho proooaa of aherardixing b not confined to the ooat¬ 
ing of the product with rinn alone, but aliimlnum, tin, 
eto., an alao uaod for ahofatdlxing to good advantage. 
ZIno, however, ia the leatUng metal on aoeount of ita 
ability to rreiat eorroidon. due to ita being elenbro-posltive 
to iron. 

XINC roa BHKBAIUSUINO. 

The line dual uaod in the proceaa of aherardixing ia 
oonuncoclal rine duat, of which at Uda time about Q() 
per cent u importml. On an avenge, the eompoaltiim 
of thia material runa about 60 per cent metollio aino and 
lU per cent rino oxide. Zlno droea ia aomotimet uaed, 
but not very auceeaatuUy, aa it will not alloy with tho 
work being treated aa intimately aa the finely powdered 
xino duxt, although when tho two are oomblned in equal 
parta they ahow good reaulta. The'heat roaulta are 
obtained when tho line duat hai boon reduced to about 
60 per oent metollio by the addition of ipent lino; there¬ 
fore, new line Aonld be reduced to that peroeiitoge as 
npidly aa poarible. 

Bbetardland material require a depodt of 4 pounds of 
xino per lOO pounds of material treated, aa an average. 
After the rino has been reduced to the right pweentoge 
it may be held at that strongth by simply leplaoing 4 
poundi of new sine for every lOO pounds of material 
treated, tokiog care that it la thoroughly mixed with the 
■pent rino dust. A ohemioal analyeb of thu duat in 
uee ones a month b recommended. 

OLBANINa THB WORK. 

Bheraidiiing, like other lino-ooating proeemea, ihould 
have a ekan aurfaoe to work upon. The presenoe of 
rale, nut or dirt greatiy IntMferoe with the ahmwdiiing 


%Wfi^ Tfitfaaas. 
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Fig. 7v—TandM tfea drama. 
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MttMi MMUupioduotiaiwioimiriuidboltinqulre 
M rtwirinr Qttg tian m «lkril dip. fiuuU>lii^ U 
ampWq^d Iff «lMaiBg nliUivdy iMgo pleoM 
pl^ It the oommoB medium for nmovingMwle. After 
olwilBC wlUi Mid by the ploldiiic pnoea, the work 
ehould be thonm^ neutnOlied by pledug It lo a 
botHnc eolation of eytslde (mliture, 1 pound oyulde 
eryrtelf to 30 BoUoiie of water). A briiht aoatinc of 
itno ii enured, by teUnc theee preaeutioni. 

The eleim hM been mode that ortiolei eoming direct 
from the rnoeUne eovered with oil con be iherordlxed 
without eleetnlnc. Thb is true where no fate are used 
with the oil, and the sine dust is new and of snffloient 
metoUin strength to foroe Itsrif throuth the uQ. How¬ 
ever, experiments along thme Unn have proved that 
after several operations, the material " 


The drums In whioh the work is pocked with the sino 
dust may be of any oonveniont ahapo and sixe to fit the 
fumooe In whioh the work Is tn be done. The one shown 
In tho illustration Fig. 4 is 4 Vi feet long and 18 inehes 
Inside diameter. These ore mode of boiler plate with 
flanges at each end, upon whiuh the end caps are bolted. 
In the event of the work being too long for the drum, two 
of these drums may bo bolted together, making an extra 
long drum. The operator shown In Kig. 1 is loading 
tho drum with chains whleh he takes fium the barrel 
that may be poen at the right. In tho drum shown, 
abont 380 pounds of chain may be accommodated. The 
drams ore filled In the some manner that a cosehardoning 
heat Is prepared, first a shoveltul of the sinu dust and 
then a shovclfnl of work is placed In tho drum, and su 
on until the retort la llllod to within about 2 inches of 
tho top. This space is left to provide for expanaian of 


Nt^avan Company, for the purpose of 

^ * eoke-bnmlng fumaee, although 

It is espeoiaUy volnable In urban districts where no 
^uld or goeeous fuel is available. The operating cost 
of this fumaee Is praotioolly the some oe for natural gas 

orpioduoergss. As Mg. a shows. It is made on the oreh 

instruction plan, employing a double oroh. One of 
these arches is over the work chamber or oven and the 
second arch, which is larger, embraces tho first oroh and 


After the heads have been bolted on the drums, they 
ore ready for the fumooe. Kig. 2 gives on adequate idea 
of the way a sherardliing furnace is charged for firing. 
The laborer who fills tho retort, toads thorn upon a skele¬ 
ton tmek, the top of which hoe a cross back from whioh 
tho drums may be tolled into the funmee by means of 
wlicels slipped over their ends. It will be noticed that 
the drams are spaced and held by on angle iron frame. 
This view shows tho square sockets in tlie drum-caps, 
liy means of whloli the drums may be turned while the 
sliurardlslug is going on. 

ma HHRSsRnixiNa rnsNACS. 

The requiremvnte of a furnace for shorardixlng ore not 
seven. On account of the fact that the maximum heat 
required to be imparted to the wotk is only from SOO to 
TOO deg. Fahr., illiiminaling gas, natural gas, oil, coal 
or even coke may be used. The New Haven Shorurdix- 
Ing Company is paying special attention to cuke furnaces, 
in other lines of work coke furnaoee have not been in 
general favur on account of the low amount of heat to bo 
derived from this fuel, but as coke will give a sufficient 
heat for shoranUilng, tho oconomy of the ooko furnace 



whicli providea for the turning of the shorardixlng drums 
at stated intervals. IntennitUint turning nf the sherar- 
dizing drum gives better results than the continuous 
rotation practice that has boon advocated by some 
autborltiea. The work is much cleaner and brighter if 
not continuously rotated during the sherardlxlng process. 
In those plants wboio continuous rotation is practised, 
the drums are turned one rovolntlon every two minutes. 
When turned by band Intormiltantly, the operation is 
perfonnwl os shown in Fig. 7. Short squunnl shafts 
extend tliroiigh tlic furnace wall and Into the sockets 
in the ends of the drums. Every 15 minutes the drums 
are given a half turn to mix tlio contents thoriHigbly 
and allow tho beat and xinc to have acciHs to all pnrU 
of tho work. From the above, it will Im seen tliat tlien- 
are throe mothodi In vogue for turning tlio sberardixing 
drams while under heat: vlx., continuous rotation, nuto- 
matin intermittent turning and intcTniittcnt turning by 
band. Alwvc the squared shafts shown in Fig. 7 mar 
lie seen tho pyrometer that indicates the fiirnnoo heat 

The temperature at which the furnace is kept varies 
according to the size of work being slierardlxul. From 
COO to 700 di'g. Fahr. marks tho range limits, large work 
requiring tlie higlicr heal. The drums ore kept liualcd 
for a poriisl varying from dj-j to 0 hours, wwinling to 
tlio depth of the shcrordixitig eoat thnl it is desinsl to 
give tho work. 

At the end uf the pniscribod tinio tliat the drums are 
kept umlcr heat, tlu>y ore rolled out of the funwee uud 
allownl to ivsil slowly until they may boliandloil without 
incoaveuiuui'e. For tho unloading opcratlou tlui drum is 
lioistcd to the mouth of a rotary screwn and thcixiompticd, 
tho conloiits imssing tluuugli the rotary wm'n. Tho 
work emerges at tho outer oml, while tho zinc dust 
drops through tho screen and ont uf tho way. It 
will be scon that the mmilli of tlio scrocn loads out uf a 
forge-liko structure that naUilies the work as it is pulhvi 
from tlie drum aud allows tho floating dust to Isi carried 
away In the oxliaust overhead. Tlie work ouicrgiug 
from the farllicr end of the ncnien is cauglit in a suoomi 
Bor«>n and tho pnxs'ss repeated until at tho end it is 
perfectly clean mid free from all xtno dust. 


Figs. 6 and 6 show a now eoko furnoco made iiy the 


Fig. 6.—Section through the coke burning furnace. 

also tlie cuke iuirnlng pocket at tho side. Near tlie 
oontor of ttie arch ovoc thu work ohamlier, there orn a 
number of rectangular openings. The heat posei-s up 
from tho coke pocket to the top of the large arch, and is 
drawn downward through tho nmtangular openings into 
the furnnoo and onto the work. Each of those several 
openings is oontroUed by a sepaiate damper whuse 
liandkis may be seen at the left-hand side of the furnace 
in Fig. 6. 

The furnace bos an automatic drum turning foatuni 


There are four cluuges that enter into tho i<ust of 
shcraniixliig. First is the royalty tiutt must be paid 
to the owners of the prucess, second the lalsn coat, third 
tlio cost of the xinc dust and foiiitli the fuel 'cliarge. Tlio 
royally is in oil coses approximately pit ton of 
material sherardixod. The cost of the xine dust required 
for a ton of work varies with tlie size of tlio work but is 
approximately 8,5, liascd on tlin use of 80 pounds of dust 
at 6)^ cents iMir isiund. The lalsir east for handling 
a ton uf average work would be about S3. The fuel cost 
varies, bi'ing for producer gas Si 7,5 per ton, for iltunii- 
nating gas |4 per ton, for luilunl gas 75 cents iHir ton, 
tor cnide oil 90 cents jier ton and fur coke 7.5 cents iht 
ton. From thorn, figunm it will ho seen that ex|H,nsn is nu 
barrier to tho use of this most otBcienl of riist-pruulliig 


Londoa Trafflc Dugera 

With the i-ontluued absence of effective nieiisiirea of 
(viiitrol and for the rollef of congestion, London's twine 
pruiilem aloHdUy luereasea in complexity, and, unbaie 
plly, the tele of street ucctdeiits as stendUy grows. Rte- 
tlatlcs pnblliihrd in the annual reinrt uf Uie Tsiudua 
Tratflc Hrancb of the Board of Trade, Issued recently, 
show thut In the last decade accidents caused by roail 
vehicles In the metropoUten area have mote than dou¬ 
bled, and that the pngiortlon to popuIaUon la con¬ 
tinuously rlalng- 

It la true that people travel much mure than they 
used to do. Id 19W the Juuroeys per head of the popu- 
lotteB were only ISOS; In 1013 they were ‘,!T1A, an lu- 
crease of 80.7 per wt But tho'eorroBpoodIng totals 
of street oeddants were lld»7 In 1804, and 2B3») In 
1018, an Incrtawe of 115.0 per cent Fataiitlea In pnr- 
tlcnlar have become much more numeroos, and there 
can be no doubt (Hays the report) that this to largely 
due to the multlplIcatloD of motor vehtcles. 

In 1913 power-driven vehicles again canasd some 'AOtS) 
more accidents than In the preceding yMr. Nor was 
the pTSsrhaw decrease mslutelned tn those caused by 
horse-drawn vehicles, an actual Incteasa over 1012 bc- 
iDg shown in 101.T lo the four yosrs 1010-18, 411,300 ac- 
eWente were caosed by posreiHirtven veblolM, and 4.5,077 
by other vehldee. Indndlni} cyc^a. 

Thgee per omit of tha aeddriiti doe to powerdriveii 
vehldea In 1018 proved fktal, and 8% per cent in the 
caae of heraealrawn vohicleB. That tola la largely due 
to yrelght Is shown by the relattvely hUAi percentage of 
teddsmta la the rase of the heavy motor ear and tha 
motor Tmi. with M and M, wifiectlvaiy. On tha oUw 
iautd, the dpotrlc tyam, tbn heaviest v«Mde of nil, with 
Ita low petosntage eC L6, lo an axoaiitlan, tnd this te 


accounted tor by the high cflidency of the Ilfcgnard, 
which has been the mesns of saving many lives. 

WhUe the motor hue still beads the list with the 
lurgest number of deaths—000 In the four years—the 
danger of these vchtcleo. In proportion to the work dune, 
has largely decreased. Tliero la no doubt that I lie fit¬ 
ting of the aide wbeelgosrd has bad a very beiieflclcl 
effect in checking the number of uccldents, and tho 
bitest returns go to show that the improvement was 
still more marked In 1014. 

Investigation proves that as a whole power-driven 
vehiclos are twice as dangerous as horse-drawn vehicles, 
while the i^de is slightly Inw dangerous than any other 
type uf vehicle. Aa tagaids cnusliig death, the differ¬ 
ences are much mure marked. The cycle la by fur 
the least fatal, and considered os the unit to which the 
other vehicles are referred, the electric tram and horse 
vehicles come next, being nine limes us fnlal, Uie motor 
rah eleven times, motor cars twenty-thrra tlnicH, snd 
motor 'bnses thirty-eight times ss fatal as the cycle. 

It Is tddsd that settlag up of a Urge nnmhcr of ad¬ 
ditional refogeo, and the compulsory fitting of guards 
to the sldewhaels of all motw omnibuses have already 
done much, and will do more, to check the rate of In¬ 
crease la oeddeuts. It would also he ndvlsablo that 
the heavy commervlal motor cars now In use should 
have elmUar guarda flUml, but In view of the Cset that 
the average of the three years 1910-12 showed that 85 
per cent of the fatalities were due to the Inadvertence 
of the pedestrian, the best hope uf riirtbcr Improvomcnt 
seenm to lie with the pmlestrian blmseK, and there to 
DO doubt that the average person to now much more 
carafni Umn be naed to be. 

In 1013 the number of jauisengen carried hy rell- 
woya, tramways, and omnibusee In the lioodun area 


n-m-hed the i-otossal total of 2.007,.54H,lirK5. tit llu-i- 
102,010,.5.57 were railway, 811,3»7,.517 Irsmuny, iiml T.'t'!.- 
031,201 omnllius jiassengcrs. 5'lie total iciircsciilH 271 
Jimnicys iwr head of the isqailallon. In 1UU3 the iiggr,-- 
gatc ints 97*2,405,052, tsiulvalent to 144.D Journeys |H-r 
■load. In addition, rail Journeys In 1913 arc l■stlnlH(c<l 
at over 50,000,000. 

Horse drawn vchlrles cuntinue to be supplanted with 
remarkalile rapidity hy those mcchaiiicnily propelled, 
and the cxtliictlnii of the burse for iinssciigi'r iPiirissiCN 
scoins uuw alioiwt In sight. Sonic jcHts iniiy elapse 
Is'fure this result Is aelilcved aiuung Irailc veliUli's, lull 
tlic motor Is lidding very largely every year tn (he Im 
iwrtaiice of arUTlnl enminaiileHtlnu by nwil. 'I'lie uliser. 
viitliMis show Hint In 11114 only 1 [icr iviit of thu pus 
Honger vehicles were horse drawn, eomiHinvl with 0 (nt 
isMit ill 101.5, II tier cunt In 1012, and 13 (wr ivuL In 
1911, and that In 1011 SO per rent of the trude vehicles 
were horse drown, eniuitared wtih SS (icr irnt In 1013. 
BI per cent In 1912, ami 94 per cent In 1911. 

As showing the growing Inadequacy of I he nutin 
arterial roads. It Is stated that the total horse :iiid 

motor vehicles enumerated at 84 points, fairly distrib¬ 

uted all over Ismdon, lacrcascd In 1914 by 19.2 |wr cent 
liver the figures for 1911. "The greater isirt of this 
lui'rcsse occurs In the suae from six to nine miles from 

81 . Ihiul’B Cathedral, which to precisely the aree where¬ 

in It Is of such ahaolnte Importance to deni with Hie 
qiicetlrai of road Improvement without delay. The fin-t 

that estate development has already blocked suiiie nf 

the aelected naites should i-oiivey a serimis wnralim 
that there is an time to lose In ileellng with other wn- 

Hooa of roada un the outsUrtH, If exlta from Isindoii, at 

present available, arc to N> saved from IIh> same fiile." 
—The LoHdoM Bailg Telegraph. 



















SQENnnC AMERICAN SUPaEMENT Na2(MS 


The Zeppelin Question 

Facts and Figures Indicating the Number and Capacity of the Air Fleet 


So ui'CH ban been mid atwot the moMter Zoppelln 
alnblpa, what they were expected to do, what they have 
aceonipllabed. ami what uae may be made of them In 
1 Im> future, that the following exauliuitlun of the flic- 
tora of Uiiw big rraft by llcorgeH Tmile, publlabed In 
he Junreal and trauHlaled by FHgkl. will be rend with 
inrUeular liitercHt at llila time. M. I'rade'H article la 
Dh follow a; 

'riie Keppdln i]ueallun baa become to n certain extent 
— mill, iHTliiiiiH, entirely ho -the iiucHtlun of the day. 
Alter not baling bellprcil Hiitthrlently In the Seppidln, 
there an* now (leoplp who liellpee fmi much In IL Per¬ 
mit one, who hiia followeil the matter fnim the Hrat, and 
II ho haw H|i|in*elaliNl tlie Hiilewlhl efforta of l^iaint Zep- 
IH-llii, to examine, hgiireH In hand, and In Ihe light of 
iiilil rcullly, the jirolaible iielnal alote of the (lefnian 
aerial tli-et. the nature, viihie, and niimlier of Ita unite, 
llie piawilldlltleB and Ihe exact eondiUoiia of a raid on 


HlnniH enough, minor haa made I hem oven larger. Some 
wiilera have gone mi far na to talk of ‘-anper-XeiiimUiia” 
of 4U0 yardH In length, which iiroHiiuiPH a trille of 
.‘HtUno enble metera. It can Iw alatci] without bcHita- 
lloii that the imalcrn Herman dlrlglblcH lire of the same 
tonnage aa before the war, which Ih, of i-niirae, iiceea- 
aary for their rapid manufhrture. Material proofa of 
IIiIh alatemoiil, of which the flmt, aamclcnr In Itaclf, la 
the aetiial dlmeiialona of the Herman Mheda, are obtain- 
abb*. The liingeHt abed In Hertuany, that at liClpaig, la 
mi metera, and thune nt the worka of b'rieilrlehahafen, 
which hare nut yet Iweii enlarged, are 178 metera long. 
The mlQlable alieil at Ciixbaven, which cannot be en- 
liirgid, la 1.S1) metura, Thoec at Cologne, Metx, and 
lludou are only 1118 and 160 metera. Itu* Krench hangar 
III Manbeuge haa lately been enlarged to 100 metera by 
Ihe Hermana. The two 1014 typea of Zeppellna nieaa- 
iire: The 22,000 cubic metera army airablp, length, 1M 
metera; diameter, 14.8 metera; width over the propel- 
lera 22.n metera; and height, IMX metera. The 27,000 
cubic metera navol alrahlp, length, 108 metera; ittnm- 
oter, 10.08 metera; width over prupellora, 22.8 metera; 
and length, 10 metera Theae flgurea reiireaent, there¬ 
fore, the maximum alio alrahlp which will enter the 
actual Herman hongan. It baa been poaolble to Im¬ 
prove their economy, hut their tonnage., and conae- 
qnentJy their radlua of aetiuii, iiocful load, maximum 
iltatnable height, and apeed are Ihe nme to-day oa they 
were In July iaet. ITila radlua of action hi auSIdeiit 
not only In tlmea of ig>am, hut alao In war rime, aa evi¬ 
denced by the ('uxbaren-Tarmnuth-ruxbaron raid. The 
U'ligth of thia waa 730 klhimetera 140.1 mllea], or equal 
In a crulae from Frankfort lo Psria nnd back, or 
C'*>logni* to laindon nnd hack. Alrahliai of the name type 
nnd carrying the name had can, therefore—tbeorcll- 
eally, nnd apoaking from the aeronautical ladiit of view 
—repeat Ihe pertbrmuiee, etartlng out from a auSIclcut 
number of abeda. 

What are tbceo alrablpaf What weight of laimba do 
they carry? Wo know that the Oermnna hare naval 
nlrahliM of a known tyiw, and of 27,000 ruble metera 
eiiimrity. la-t iia Hrat attempt lo ealenlatc their load 
of cx|il(Mlvee, aa thIa will nerve na a baala for the eatl- 

la-t Iia Hlale. flint of all, lliat the leaBoua of experi¬ 
ence (the laimlardment of Antwerp, Oatend, HlienI, nf 
the lleigtan camiialgn. of Waraaw, Ploek. Nancy, the 
Fiigllah i-fwat, and Mlmu) have up to now been very 
rcnaatirlng. In each cane there won no real bombard¬ 
ment. and Hie cruiaerH of the air, which were the name 
In niimbera na nt Varmouth (two or three) have 
driqqg-d feiv Imiabe: bomho, moreover, which were of 
light weight and amall effect. There were twelve deatha 
at Antwerp, not a alngle one at Oatend or at Hhent; 
/orb- deetha from flve bombardroenta In Pidaud, two at 
-Nancy, four In England. Thia glvea a total of about 
alxty victima that la to aay, the crewa of two large 
Faqipcllna, all In alx montha of campaigning, and after 
flinrtoeh attacka. during which period the floHUa loot 
at leant flve onlta. Nowhere have bomba heeo fMiad 
welgliing mere than in klbKrammea [IIW pnandi] (thia 
waa the weight of the lainih found Intai't a( Yarmovlh). 

Ilie ■•atlnmta of the n-wflil load which a Eapg^ wtlt 
<wrry will explain thia inyalcry, which canuot be 
atwrlhed to Tantoalc modeety. 

The Oendaos have eorcfuliy withheld Uuet flnni 


fiom oa. In tha Gennan Tttohanhnek of the aailel 
fleet^ the uaefal load of ZeppoUna doM not appear. Wo 
IWTfv howovgr. fhlrly exact data to go on. The flrit 
were turnlfdted at the rime of tba landing of ‘V-i" at 
hunevtlle In April, 191a. ThU atiuhlp waa of the 19,1100 
cubic metera (23,000 cubte yarda] type (141 metero by 
14.8 metera—46211 feet by 48.8 feet). The toUl lift 
waa, therefore, about 901100 MlegramoMa [4A,106 
laiundi], hut tbo ohlp'a booha ohowed that the dlrlglbte 
(taelf, framework, flibric, motora (throe Uayharb of 
l.M) hone-power each, and each weighing 448 kllu- 
graniioeo—088 pounda), only left available a lift of 
4,800 kllogrammea 1101182 poendaj, which worka out at 
2:1.0 per rent of the total had. 

Fnan tbeoe 41400 kllogrammea mnat be aubtneted 000 
kllugrainmea ( 2,004 ponoda] for the crew (twrive men), 
and l.U kltognmmM (298 ponnda] of goauUne and oil 
|ier hour, which makea, for a ilx buun' crnloe (360 
kllomelera —224 mtleM), 810 kllogrammoH [ 1 . 780 . 7 n 
puundaj. Finally. In order to reacit a height of l.nnO 
HH-tcra IdlEM feet], hardly a anlBelpiit allltnde, "/-t” 
had to Jettlaoii . 1,000 kllugraniuiea 16,612 pinindal iif IhiI- 
luat. The “K-i,” therefore, had eahauated ita whole 
iiaefiil lift In a alx bouni* oriilae and covering a dla- 
taiiee ahorter than that from the lamreat Hennaii alnal 
III Parla nr laitHhai and tme-k, withont eouutliuc prujcc- 
tllea, auiiiiunltlou, armament, aud peritimnrl. It can 
tlicn-fore Ik* etaleil lliat, except by flying very low. and 
thiia niiinlug rile riak of being brought ihiwn, the Xe|i- 
(lelliiH Ilf the 10,000 etililc metera eapaelty or leoa, are 
nuable by Air to aolvc the prohtem. 

It la for thia rceaon that flermaiiy In 1008 coualnietcd 
typea of 22,<J()0 cubic metera capacity (28,776 cubic ynnla). 
106 metera loug [012 (Mt) by 1411 metera diameter, 
that la to ear, ot the aame diameter ao tha oldor onra, 
but with more hallaucta (18 ballonata Inotead of 10). 
The iMiwer and weight of the motora la the nme, aa la 
alao, tor all practical parpooea, tbo apeed. Nerertbe- 
leaa, the weight of the gta chamber haa been Inrreaaed 
by two hallnncta, and the foUowing eotlmate can lie 
made; The weight of the gaa ehamher and of the keel 
haa been Increaoed by about an eighth, a weight which 
haa to he suhtneted flrom the extra lift of 2,600 kllo¬ 
grammea |B,732 pounda] fomlalwd by the Increaae In 
cubic capacity. Furiber, the extra weight of fuel for 
four houra which to required In order lo give the dlrig- 
llile tlie ucceaury range of action for the raid In qm*a- 
tlon (ten biaira' crulae of 600 kllumeten—373 mlleu) 
haa to lie aubtneted. ThU U an addition of 640 kiln- 
graminea (1.100 iiouada], which (irings the total weight 
of fuel up to llUIO kllograminen [’1,076 pounda], A crew 
of twelve men la luoufllclent, nqiecially In view of the 
fart that the dlrlglhle U to be Bttcd with machine guiia 
and gutuicra. The 27.000 coble meter type bad twenty- 
eight men on board (the number of vlctlma In the 
CHtaatropbeo that orertook "1,1" and "r/-2"). If, In tbU 
raae, we only take olghleen men, that would be an extra 
Iliad fur Hie crew of flOO kllograoimca (1,109 pmindal. 
Then wc moat auMract the weight of the auchlne gnna, 
»r lU’lr ammunlrinn, of two aeorcbligbta, and of Ihe 
aheet aleel armoring for the motora which U 2 mllll- 
metera thick and wetgha 14 kllogrammea per agnan 

We therefore oee that the 22,000 cubic meter type 
with fhll war wialpment and bound for Parla or lamdnu 
cannot carry oii}-thlng like a ton of explosiveo. 

There now nmulno the 27.000 cubic meter [36,114 
cubic yarda] type, which haa theoretkally 6.000 kllo- 
grammeo [131128 pounda] more llftlog eoixudty. But It 
hot a dUmeter of 18118 luetara (64 feet] liiatMd of 14.18 
metera, and U US metera (610 feet] loug lualeod of 
160 metera. It haa ftiur motora of ISO hone-power 
eoA fuatoad of three, and a crew of twenty-eight to 
thirty. The drat ZeppeUn captured at Wanaw bad 
thirty men on board. The exponditnre In fuel Incrraaea 
by a tenth. The flguraa given fay the Maybach Worka, 
which are. however, a mlnlmuiii, give 299 grammea 
(about 8 oonceal of gaoollne per hone-power honr and 
3.8 kHagramaMi [dfl pounda] of oD per hour tot each 

The raid on the XpfUah cnaat reproeentad, out and 
bock, a dtatance of TflS kUometera [404 mta] and a 
crulae of more than twMve houra’ durathm, Mnee the 
"li-l,’’ the record breakar. with a maximum opead of TO 
Irllfittietera [44 mllfe] per hour, boo arvae been able to 
do more than an average apeed of 60 kOoiaetota par 
hour, whieh will glv« lachidlng the reuerve ot flml noe- 
eaaory In cam* nf wind. 14 hourk' ftwl. or Iflflfl hOe- 
grainimw ii( gawinne and 140 kflugr am maa ot on—• 
miDimnm of 2,806 Ulegnmnwi ((MW poondi). 

Let us now work oit thOM niipdinHij Mi; AM 


waa ona man boot In tha "Irfl” tho aaeimd nu 
BooeOe boa been ankrgad and tht eontral cabin and tho 
keel retained; ny another 000 Ulofnmmea. Immoae 
in gea ebamber 6/3tada. moaning nt leoat 8,000 kllo- 
gnmea; Inenaoa In balloot take BOO kUogreHim 
(The "Irfl" bad to leave eleven men ot rim oidliiaiy 
crew on the gronnd In order to be able to Ineraeaa the 
attalneMe height from 420 metera to 8438 moten 
lltUflO bietl, the liwelln neoid, eoteMWied on Kay 
Ifltli, 1014. Hihi glvea an extra beUht of 2,TD0 metari 
oHmbed in 3 honn SO mlnntaa at the expendltDra of a 
apcclal dhteharge of 11100 kllogrammaa, tneldding the 
weight of the etoveo men of the eiow.) 

Weight of onpplenientary crew, 600 to 800 kUo- 
gnmmea Total, dlOO kUagraouMO; wbldi, omi by 
reducing the ballaot and crew, glvn na the lame weight 
of explnalvea, UNW kUegrammee [2404 ponndaj at dm 
imrnt. iranaportcd It U true, a longer dUUnce, T30 kUo- 
metera Inatced (d 640 ktlooelMB. 

The large naval dlriglblea which anwored over tbe 
KiiglUh coast certainly had not LOCO IdlogramimM 
12,204 iwunda) ot exploolveo on board, which la proved 
l>> tho flirt that they did not throw that weight I do 
iKit auinaiae that they wonld have eartled their baatbe 
laick to Cuxhaveii. Thooe weighed at the most 60 kllca 
gnimiMM, and each carried at tho outside twenty bomhe. 
Other flguree oonflnn IhU ootlmats. HIx bumbe went 
thrown at Antwerp, three at Oxiond, flve at Qheiit ftmr- 
treii at Nancy (three ainhipe were of tbe 10400 and 
22,000 cubic meter type), and let us anppoao that there 
were thirty bomhe to two dlriglblm over Bn^nd, and 
eighteen at Warsaw (thooe mnet have bean naval atr- 
ablp(^ ai the Rnmlana (aptnicd thirty men on board). 
For a raid on Pario or London, the nwan dUtanee of 
which U Rhorter, tbU figure of 1,000 kUogrommee ot 
exploelreo would therefore serve os a good baala 

Let ns add that the maxhnum speed ot tho Zeiiiiellne 
la shout 72 kllomelera [46 mlha] per boor. Tbo bent per¬ 
formance U that of tbe "Z-VI” (10400 cubic meteni. 
640 home-power), Bninswlck-Lelptlg-Brnntwlck, 830 
kilometers In 4 hours 40 ulnutm. which gives 68 kilo- 
metera (42 ullm] per hour. (May 16tb, 1014.) The 
greater onen are much slower. 

There now remains to work out the numher of tbe 
units which we have dealt wtth. 

There were before tbe war thirteen 7«ppelliia, of 
which one wso almcMt destroyed—tho "Z-II," brought 
down St Tbionville; tho other nearing completloD, the 
••S5-IX." They wore. In tbe order of conatructlaD; 
"Z-II" (17,800 cuMc metera), “Vlktoria-Luloe” (18,700 
cubic mrten), "SS-Iir (17400 cuble metera), “Honra" 
(18,700 cubic metera), “Z-IV," which came down at 
Lunevllle (10400 enbte metera), "Sachsen" (19:000 
cubic metera), "K-I" ("Braats II") (10400 cubic me- 
tcm). "Z-V" (18400 cubic meters), "Z-Vr (10400 euMe 
metera). “S5-VH" (22,000 euUe meters), "Z-WIl" (22,- 
000 cuMc metera), "LJ" (27,000 enble klwia), and 
"iS-IX" (32,000 cubic meters). The "Banea" and “Wlk- 
loris-I.nlse” were all paseeuger-eaniyliig alnhlpa be¬ 
longing to the nelag Ckmpany, and tbe "6a(d^” their 
sister ahli). hsd gone over to tbe navy In May, 1014 
■Tr8" belonged to Ihe navy, the othen to tbe army. 

We can here add the "Sefalltte-Laiia:” enllsd "SL-3,” 
of 23.000 cubic metecs capacity, which bad eqnalod the 
Zeppelins st the triala We need not eonot two dlrig- 
Iblee. "M-4" and "M-1,” and three non-rigid Paraevata. 
•■r-4." "P-S." "P-U." The largeot "M” Is 13,000 enUe 
metera and tbe Hggsat Parieval 10400 cable motete, ao 
that they simply do not extat as ngaids tbe crolasn 
a« bate In view. 

Tbis gives us, tbersCors, foarteen unite at the^oflara* 
Hun of war, of wbleh twb (“Z-II" anT’W-HI’') wtte 
qolto out ot date: two otbora (the -y^torta” and tba 
’’HaoM") wera eqaalty onoattahla M> the e ral m we 
have in tIow, and bmtdsa vary mli the wona tor 
woar. Five wen of a type that to not kuttabto tor 
M loan a trip, bat tboy may osrve fOr boakarttiis flin¬ 
tier (owns (tboMT an rz-iv," "SuteMv" *x*r,’' "Z-V." 
and "ZtVD. and AlkaQf flinr dMigtldM cf 2^ 
enWe metera aapiefty (“Z-VIl," -M-Yltt," t-JX" M* 
“flOhatto-Luio r). aod MW ef «r400 «Kto mattes 

("IrT). Thin Otems osplald th» Nstwlgt iMtef 

Untr of eveqr nttgflk U dmtteit ^ 

I san hofdlF that tern* • pmtegwl 

trtffid of tks Wapt. ■*lttDdi»(i4krtnfl.f^ilii1 
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_ aaiOfnnc ;^rican su^lement ifa am «> 

80,000 ««He iMton CKiwdtr, wUdi wu In couim of RiMda (Wmmw ud Libaa). one at DiuHldort, one at or nine. We Ond. tben, that there are tn ezistMioe and 

ceoatmetkiB at Manalwln In Anrwt, and than hare lladoaTlllata, om at Frledrlchihafen. It U pottibU that Hultable fur the raid which formed the object of tUa 

baen no mn of tbem Are otheta hare abn been dertroyed: one at Meta, one atudy, alx to eleven dirigible* of from 22,000 to 27,000 

Bbiee aen, U la fcnoarn from an laflnttjr of aonrcee, at Oniharen, a aecoiid ono at Frledrlcluhatai, and two cubic mctera capacity and of 100 to IB8 meter* length, 
end o» M4* tubjtet tkm oaa be ao potMIe doubt, the eeeii hr ear avUtora atranded in the Ardennea tn the 14,00 meter* and lOJib metera dUmeter, with four 
lHiIiella werU hare built a KeivtUn every three weoka. month of Angnat There are boatdea probaUa aotMent* HiTew* gninprd In two pain on two uacenet in the axla 

The** who are aatonlahed at thla flgure ahoold remem- In the Interior of Oermany. For the not we have no of tin* keel and with central cabin. They have a mean 

bar (hat In ins el|*t Zanidlna were ourntmcted (Noa. certainty. H,,vi-d of ho kllometera per hour and a maximum epeed 

15 to 85), which wwka out at ona every alx weeka, and Them remain, then, at the moat werentcen Zeppelin*, of ri kilometer* per hour, and cnii travel with a load 
that In Ifay, lOli lh«r* w*r* opened at Potadam work* at leant ten, and protwbly twelve to nftcen. and It la of 000 to 1,000 kllogrammea of explixtlvee at a height 
lld«iM to doohla the outpot of thoee at Frledrichii- not pnnlble to aMcertaln Imw many tit theae can he of from l.snu lo 2.000 meter*, aocorllog to the WMther. 
hafkn. connti'd a* m<*lern type* of 22,000 and 27,000 cubic Here we hare, then, all the dgure* of the great ad- 

Tbe Kameltn work* have, therefore, actnolly con- meter* capacity, aud 100 to IIW metern In length. keniiin-. 

atraeied aigbt or nine dlrlgUdoo of new typo alnce the it I* iMMMible Ui ntate the certain deotruetlon of two There I* notlilng very l^road^ll in H. e*iiertally If we 
outbreak of war. TUa makM a grand total of twenty- of the thlrteeu Imllcated abov*. that at Uadonvllller* niiiHUh>r Ibe material Impoealblllty of grouping them 
two unite of Wbkh thirteen have a capacity of from ("Z-VIII") and the one In cunrae of coontnictlon at from the Mlart for a collective mid, (be HbMoluto ImpoH- 
Sgt/Xll) to >t,(IOO cobk mater*, the other nlna remaining Krlr<lrlch*hafeii. The crew of thirty of the Unit null *lhllliy for them of arriving together when sUrtlng 
aa afiovn. dextniycd by (he ItnieiNDB Imllcatea a third one a* al- fnim dllTerent pointn, a* before elated, nnd the no leim 

How many of them have been deatroyed, and of what munt certain. There remain then at the moot, eleven nlwolute Impnanlblllty of eucoeoHlve iiltNck*, once the 
eapneUy were thooe deatroyed 7 It 1* poaolble to aaoer- Zeiipeiln* oaiwble of undertaking the ex|iedltton In ndvcruary ha* been wo rued hj the flint dropping of 
tain tba egriala deatnietlon of live Zeppelin*; two In <|urMtloii, and at leaat mIx, a*y, generally qieaklng, eight IwmliR 


Some Questions of Evolution* 

The Present Position of Natural Selection Considered 


t N tha Danrlnkn am atudiai on variation and hemdlty 
wemed rigoUeant, tnalnly a* a mean* of appraaeh to 
the pfoUatna of evolution. The paat-Dafwiniui awoke 
oium mole to Um pCofealid Ihtemat that He* in the genetie 
eompolllton and eapaelttea of living thing* aa they now 
bfe. They tnmod aaide from geiMnral Iheorie* of evnlu- 
tlon aud ttieir deduotlve applkatlon to ipeoial problem* 
gjf deaeent in order to take up objeetive experiment* on 
variaUoU and hendlty for their own aake. Thi* waa not 
due to any douhU eoneemlng Um reality of evolution 
or to any lack of Intereet in it* problem*. It waa a 
poUey of maatarly InaeUvlty deUbomtoly adopted; for 
further dlaoundou aonaemi^ the eauae* of evolution 
had olauly beaotne futile until a more adequate an<l 
(glUeal view of todating genetie phenomena had bonn 
gained. Inveatigatoie In genetic* here followed preeitdy 
the lame impnlae that had aetuated the ombryohigiaU; 
and they, too, reaped a rir.h harveet of new cUaeoverieL 
fiMemoat among them itendi the re-dlamvery at Men' 
dd'a lang-faigotton law of heredity—a blologloal aohlevo- 
ment of Um fliet rank wUoh in the year 1000 niddenly 
Ulurainated the obaeurity in which atudent* of heredity 
hnd been groping. Another towering tandmark of pro- 
gieai 1i De Vrim't great work on the motntlon timoiy, 
publiilied a year latar, whleh marirod almoat aa great a 
tmiurormation in onr view* of variaUon and diigilayed 
the whole evolution problem In a new hght. In the em 
that followed, the itudy of hmedity quiokly lienamo not 
only an experimental but almoat an exant anieiiw, fairly 
oomparabte to ahmnlatry in Ito •yalematlo employment 
of quUtaUve and quantitaUve analysia, tyntheiis, pm- 
dlotlon and verifleaUon. More and more oleariy It 
br—m« evident that Um phenomena of heredity are 

Mleroieopieal atodtea on Um gemiHMll* made known an 
Impmtant part of tUa mechanlam and providod u* with 
a almple meohanleal explanation of Mendel'* law. And 
■uddenly. In Uw mldat of all thla, by a kaleldoaoopie turn, 
the fundamental problem of organlo evolution eryilal' 
Urea brfore onr eye* into a new form that leein* to (um 
alt our prDvkma oonaepUoim topay-turvy. 

To Jn^ by Ha exUmal aapeete Individual davelop- 
nmnt, Uke evolution, would aeem to proeeed from the 
,4mpU to Um oom^; but la thla true when we oonaider 
It* inner or MenUal nntunf The agg app*an to tha 
eye (Ur rimpler than Um adnlt; yet genetie experlmant 
aemna i»mtliiii«My to neeamulata efvidanoe that fw each 
hui ^^Mwinnt hereditary trait of the adult Um egg con- 

S^*SeMndtomMw^^oS^vlilon without 
lOM o( Ita upudOt ohanmter and independently of oUmr 
g( fha etdat. Thu* ariaaa what I will call 
tha noaile a( tha 1* Um vpearMM* of 


dmplMty in the <a flliuteyf It Urn han'i egg fonda- 
nMOtdy aa eoopItK aa the han. and la development 
f qfvq iy th* MMlIgninllaii o( OH kind of aomptadty 
Into taoflMrf ft** It Um ulUmnto.queatkm Of onto- 

gmqr, wki* In OH form or nnolhar hn* been dobatod^ 

MtqNllilatn more than two eenturiaa- W* im 
maMtiHvertt. n wU attmapt to do lo, oath rapHaa 
aoMdigptotl^diftelM^Uiht^^ tam pwna n^ 

pipfidtolt diHnrt ^ 

thtwHUfwMWdfccttteadnnaaovrmlknowladn 


no doobt find thla rather dlaeoncertlng; but worao I* to 
follow. Oenetio leaearoh now oonfroot* ui with ca- 
lentlally tho aame queetlon *• applied to the ovolution- 
ary germ. Tha puaale of the microcosm ha* beoome that 
of the mantocoim. Wcivi the primitivu form* of life 
really limpler than their apiiamiiUy more mimplex il«- 
aoendanto? Ha* organifl nvoluUun liunn from the aimiilH 
to Um oompUix, or only from ono kind of complexity to 
another? May It even have been from the complex to 
Um simple by sucoowdvo lone* of Inhibiting factors 
which, a* thuy disappear, set tree qualities previously 
held In cheek? The last of these is the starUing qumUon 
that the president of the British Asaociatliin pntpniinds 
in his recent brittiant aildraM al Melbourne, asking us 
seriously to open our minds to tho inquiry; "Whotbor 
evolution can at all ruanonably be represonted as an un- 
paoklog of an original euinphtx which oontained within 
Itself the whole rang* of complexity which living things 
exhibit?" This conception, manifestly, i* nearly akin 
to the theory of pangeneii* and Individual dovelopmetil, 
as olaborated espeoially by De Vrica and by Woismami. 
It inevitably reeall* alio, if lea* directly, Bonnet's vinun 
of "palmgenetiii," which dates from the eighteenth 
oentury. 

We should he grateful to those who help us open our 
mind*; and Prof. Bataaun, as is hi* wont, performs thi* 
diffloult operatioD In ao large and nustorly a fashion as 
to command our lively admiration. It muit be said of 
his ploluiwque and rigorous dIseusUon that wo arc kept 
guoalng how far we are uxpootod to take it seriously, 
oratleaitlitnally. Wo have alway* a lurking aunpioion 
that possibly hla main purpom may after ad be to remind 
ua, by an objoot leason, how far we stU are from oom- 
piwhendlng the nature and eaosea of evolution, and Ibis 
■uipleian U itrongUmnod by the expUMt statement in 
a lubaequent addnws, that our knowledge of the nature 
of llfo Is "altogeUwr too slender to warrant apoouUUim 
on thoee fundamental questtons.” Let ua, however, 
a«nma that we aro tnriously asked to go further and to 
enter the cat ds sac that Prof. Bateson so invitingly 
pi.i,i» in our way. Once within it, evidentiy, we aro 
italematod in respect to Um origin and early hlitory of 

Ufe; but a* to Umt. ono form of total ignorance is perhaps 

as good aa anothec, and we eu sUll work out how the 
game has boon played, even (hough w» oan never find 
out how the pirn ware set up. But hai Um day so 
•ooB arrived when w* must rerign onrwlvee to lueb an 
enrttngf Ai* wo prepared to staka k much upon the 
oometnaaaoraringle hypotberisof aUriomorphinn and 
domlnanoof TUa hypotheria—that of "preaonea and 
fttiMce "—has undoubtedly bemi a potent initrui^t 
of inveeUgaHon; but Uiw* aro some oompetent stodento 
of gmmtios who seem to find It equally simple to furmulate 
and analyae the phanonmna by Um use of a quite dlf- 
f«ant hypotlmdi, and om Umt involve* no suoh para- 
doUeal eoMatnanoei in rmpeot to (he natun of avota- 
Uon. An wa not than invltod to strUn nt a gHt and 
to swallow a eameir 

But I pan over the taohnieal basis of the oonoaption 
in cite to look mot* broadly at Ha theeratlB aopn- 
amwtnn. b not tUa, osee tgalte • *>* symboUssn 

by whiah the ondaavor la made to dnl with a ptoUssn 
that h for *h* prmnt out of our naehT KetllMr you 
nor 1. 1 dHs ny, win hsaltete to mnbtnta ^ the 

primmdU Aaotba Of we mny n dub ths anttsst of our 
nneeatats) enbodled la aonm sann or otbn an tha potoa- 

UaHUn, for baUsr or far woraa, tint an tsUind bstoso 
01 at tU* ii vw«c"t In the Jmtmkma Assosbtioa (or Um 
AdvaMtBsat U fliisnrr But if we aik ooiatlvn ssc- 


to answer in mure intelligible temu. We cannot. It is 
true, even if we would, conquer the temptation now and 
then to ipnwii tho wings of our imagination in (he thin 
atmoaphcfo of thine upper regions; nnd this is no doubt 
an exoellonl tonic for the cunibruiu iiruvidcd wo cherish 
no illusions ns to what wo arc about. No embryologist, 
for examp'e, can help puszling over wlial I have nailed 
thn pnibhnn of the microennn; but hi- should be perfenUy 
well aware that in striving to picture to his imiginatinn 
the urgauisaliun of tbo egg, of thn cinbryological genu, 
that is actually in bis hand* fur obsnrvalinn and experi¬ 
ment, he is perilously near to the habitat of the mystic 
and thn tiwmcendenlalist. The studi-nt uf evolution is 
far over tho fmnUor of Uial foriiidihm laud, in any present 
altank upon tho corrsHpondiug pniblnni of thn mactocusm. 

I’crhaps it would bo the part of diricn'tion to go no 
further. But tho romarkahln qui«lH>ua Umt Prof. Bate- 
sou has raised oonooming tbo nalurv of ovniulion leave 
almost untouched the equally momentous problem as to 
what has guided its wliial coiirsn. In approaohing my 
eloso I shall bo bold enough to venturo a Hlep in this 
dimotion, even one that will bring us upon the haxanlous 
ground of organic adaptotions and the theory of natural 
Buicction. I need not say that this subject is be«ct by 
intricate and baffling diffleultien which havu made it a 
veritable honn of contention among naturalists in reonnt 
yHUs. In our allumpla to mwt them wn have gone to 
some curious oxtrome*. On tbo one hand, some natural¬ 
ists have in effect abandoni-d the problem, cutting the 
Gordian knot with thn isineluiiiun that the power of 
adaptation is somclbing given with organization itaolf 
and as suoh offers a riddle that is fur the proaont in¬ 
soluble. In another direution wn And attempts to take 
the pnibbun in flank—to rostato it, to ignore it—norno- 
times, it would almost seem to arguo it out of uxiatoiioe. 

It has been urged in a recent valuable work—by an 
author, I hasten to lay, who fully ancept* both the me- 
ohanistio phnusnphy and the principle of selection— 
that fitness is a reciprocal relation involving (he environ¬ 
ment no leas than (he organism This is both a true 
and a suggestive thought; but does it not leave the na¬ 
turalist ^undoring amid the same old quicksands? 
The historical problem with which he has to deal muat 
bo grappled at oloser quarter*. Tie i* everywhere con¬ 
fronted with apedfle devious In the organism that must 
have ariaon long after tbo eonditions of environment 
to whieh they aro adjostod. Animals that Uvo in water 
are providod with gilla. Were this all we eonld probably 
muddle along with the notion that gills are no miws than 
lucky aeoidanta. But we enoounter a BtieUng point in 
the fact that gUli are so often aooompanied by a variety 
of Ingenious devlaes, suoh as reservoir*, tube*, valve*, 
pnmpa, strainer*, wrubbing bruahe* and tha Uka, that are 
obvlouriy tributary to the main tnnotion of bnathing. 
Given water, aaka tha naturalist, how has all this eom* 
into existenoe and boon perfeotod? Tho qnastion I* an 
inavitabla pcoduet of our eommon senw. The mata- 
phyridan, 1 think, it not he who ada hot he who would 

Now, It it nndoubtedly true than many adaptatlona, 
to site Prof. Batason ono* mar*, are “not in praothw a 
very oloas fit” Ev« the tiy*, u Balmhoitt long ago 
t**^t us, haa aonie dsfoot* as an optical instmment; 
nevurthaleas. It aublat ua to tea weU Mwagfa to disown 
■ooia food far reflaotion eonotniiif ndi^tatkma among 
Uviig; tidiigt. And It it my tm pr e*tion that oSorta to 
aixpidn adnpIntliT* am lik^ to oontinim for tha teaaon 
that natmUati aa a body, ptrbapa infinanoad by Hnz- 
Ityi dtflBMsa of laUDM, hav* an obatlMte hMt of 
aHaglH to tiidr ootamon ism. 
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Influence of Radio-Active Earth on Plant Growth—I* 

Facts Indicated by Praqti^vl&xperiments 

By II. II. Rushy. Dean of the College of Phammey, Columbia Univeraity 

Ur TO ilii'liiiiK of III)'fliMiivcr> of nullum, anllinwMU) diuulved lu wktor and other Uquidi. Such lolutloiu Could It be applied to Sold flio|ie eo M to prodoee u In- 
ooal repmwniud about tiui bwluMt kuowD dii)pti« of ore radioHwtive, like thoee oontoiiijiir the amanatloiu, omMod pMdT Could, it be applied to etope nfhriag 
stored unent}'- Radium in now lH<Iuivod to umhody and give off the omanatloni, but they differ from them in from animal or vegetable pararitoi, ioai to kUlBto latter, 
aflU,U00 time* the energy of anthrauito eoal. The energy that they auliially oontais the radium metal. The aa it Idlla eaneer in man? Or, would the onpa auftr 
of radium le, however, of a totally different kind from that bromhlo and the eblorlde of radium an the aoluble com* more from tuob an appUoatkm than would their diaeaaeeT 
of ooel. The energy of eoal and other ordinary mb- pounde ipoit uned, the mlphato the prinoipal inaoluble It the application wioo found benafloial, would the 
■tanoee iu exerted by the alonu of whieh they are oom- one. amount of radium required tor the pnrpoee reader the 

poeed; that of radium by the uparation of them atomi The rays given off are of different kinds, exhibiting operation unprofltablaT Or, seeing ttot the aetivitj of a 
into smaller bodies and the liberation of the energy of dlflcreut phenomena, having different velooitles, peno- partiele of radium goee on for eentarlM wlOwnt any appar 
those partielus. tratlng different substances and for different dlslancia tent diminution, would a single application to the loll 



As a result of this groat difft>r«-iii>o radium can pt>tform 
work only of a totally different character from that per¬ 
formed by ordinary substances. It is the dream of the 
physlelst to dimuver a melluKl by which the energy of 
radium can be exerted without this dinsiliiliun of Its 
atoms, the effect of which would be revolutionary in the 
mechanical world. 

These partlclva, "emanations,'' as they are known, am 
spoken at as "rays," notwithstanding that they aro In 
reality matter, or substance.’ They aro so light that, 
even after king pifiods, tho radium that is kNlng them 
caniml lie smui to have lost weight. Tliiiy arc so numer¬ 
ous that, alllMNigh cunntantly given off in vast numbers, 
11 is estimated that it would requin< years to exhaust 

line half of thim rays in a particln of radium, and them Is 
no way known by which the radium can be made to cease 
losliig them. ’These emanations will aooumulatc in 
substanoes into which they enter, especially water, and 
will later he given off therefrom ns they ora from the 
radium, but while the snlislaiui- still contains them and 
is giving them off, it is said Ui he radio-acUve, and it 
pnnwBuii, for the time, tlio valualile pwiportles of the 
radium itselt. This Is esiMsiially true of water, ss applied 
in mediaide or to plants. It is to he noted that such 
emanations ora not radium ilscK and do not contain 
radium; neither does tho substanixi in which ttauy aro 
held. On the olhor hand, radium enters into -v^ous 
combinations with acids and these compounds may ho 

• Krom t Imtura dnUTerod M ilw Mew York notsnloal Osnlen 
oa November l4Ui. ISM, ind pubtlehed to the .Toiiniel of the 
Botanlrsl Osrdeii. 

•gtrtcUy speeklng, tho lenti ■■ mnsaetlau'' sppUee only to Uie 
ceUdiH Mt stter the Bnt rmy> (tiplu rays) hove lepersted from 
the redluni slomi 


and produciiig diflemnl effects on Uiu liodieH whicli tlwy 
attack. They aro^ilistiuguisbod os alpha, beta and 
gamma rays. 



Two hundred pound plot of puBspUns with foliage 
reaching nearly to man’s walnt. 


Hiuoo the general nature of living animal and vegetable 
protnplaim is Identieal, tho question of InHuoneing plant 
growth hy the action of radium was at once suggested 


licnnanratly increase lu agrioultunl prodaotivlty? 

I’lant physiologists, all over the world, took up In- 
vesttgations hearing on these quHtkws. As would 
naturally bo expecicd, these early InvestigatlonB ware 
restricted to experiments in labmtorina, greenhousos 
and gardens, lu Europe, something bxx bm done In 
experiments with Arid crops and orebards, but in this 
•smntry no reiiorU of extensive Held trials have horeto- 
furo been made. 

In October, 1013,1 amiigcd with the Standard Cbemi- 
eal Company of ritlsburgh. Pa., to make prdimiiiary 
trials on an extensivn sealu. In view of the eost of radhim 
and its proparalions, tbe reuler may wonder bow sueh an 
exjieriment could bo undertaken. It requires about 400 
Ions of radium »ro of standard quality to yield a gramma, 
about lli^ grains, of radium, whieh amount eould easily 
Im> carried on a man's thumb nail. The regular market 
prin> B tlO.OiX) a grain, or 1120,000 a gramme, equal 
to 170,000,000 a pound. This problem was solved by 
making use of the finely powdered residue remaining 
after all the radium possible has boon extmntod, hut 
leaving some two or three miUigrammrs to the ton, 
worth some 13,000, yet a by-produot unless a special use 
for it could he diaeovered. Various other substanoes, 
espeolally uranium, ate present in the material. 

Refore prooeedlng to desoribe these oxpcrimenla and 
their results, it Is desirable to briefly summariM the re¬ 
sults of previoux expcmuental work. 

The most sortansive work that has been published lu 
EngUidi of the Inflnenoe of radium ou the growth of ^ants 
is that of Dr. Chories Stuart Qager, of Brooklyn, N. T., 
which eppeered in the fourth volume of tiie “Metaoirs 
of tbe New York Botanieel Oerden,” Deeember 3d, 1008. 
Neerly ail the autUbra quoted by Dr. Qagor hod reported 
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Cctery la feregrooiid: ant, four plota of turaliia, at right without R. A. F„ but Its left-hand portion 


faToraUy affected by eaianatlona eroaalng path from twenty-Bec pound plot. 


that the effect of radium wai to retani or mliiblt plant 
devriopment, naulta whieh, ai it will be bt>ro ihown, 
wen due to the uae of enonnouiily exmwalve quantitioa. 
GulUominot had eapeoUly eommented un the differnaoe 
between the effeote of low and falidi aetivltiee. He atated 
that while a oertain low aotlrity had no effeot ii|ioii 
planta, the effeot of from nx to twdve tlmea that amount 
would markedly ntard growth, and from eighteen t4i 
aeven^-two tlmea would completely deatroy. Yet hu 
exp w aa e d the opinion that then waa no atnngth that 
would poaitively atimulategmwth. It waa aaid that the 
diataaoM at whloh the radium would act waa limited t4i 
about 2 oentimetera.Ieaa than an inch. Roota wne found 
to be mon auaoeptible than other parta of the jilanl. 
Some planta wen more nalatant than others and the 
turnip waa mentioned aa being especially ao. Exenwive 
htanohlng of eertain tiaauea waa reported. It waa found 
that parts of planta exposed to radium emanations would 
themselves heeome ladlo-aotive. The degrees of aueli 
radio-activity wen, the root moat, then, in order, stems, 
buds, leaves and flowers. It was decided that this ae- 
tivity did not exist in the tissues thanselves hut in their 
eontained water. 

Gager himself employed numerous metliixls of ex¬ 
perimentation. Ho used tubes of glaaa and other ault- 
slanoes wbioh were coated on the inside with substances 
containing radium. He also used rods similarly coated 
on the outside. Sucih tuliee or imla would be laid upon 
drv seeds for various perioila of time and the aonda were 
then planted and tluer germination and growth oompared 
with thosn of others not so treati>d. SihxIs were snaked 
in water nnntainlng the emanations and were then 
planted and alimlariy compared. I'lanU were grown In 
water eontalnlng the emanationa, while othera, growing 
in the soil, were watered with such water. Iflants were 
grown under bell Jars in ^r that waa kept oharged with 
the emanations. Badhim tubes and rods were buried 
in the soil m whieh seeds were planted. The radio- 
aetivitlss to whmb the seeds and plants were lubjeoted 
in these soiperimenta varied from 7,000 X up to 1,000,000 
X, all of whloh, however, wo now know were exoeerivc. 
He alwiyi found the damage greater with the increase 
of aetlvity. Bfanllarty, he fonnd that the aeeds farthest 


away from the buried tube showed sueresaively less 
injury. In short, it is toua tliat In every case of a change 
of nundltions which resulted in a lower activity being 
exerted upon the seed or plant, the ilamagn was less anil 
he did luit fail, aa Ouilleminot had done, to And strengths 


that would markedly stimulate germination and growtii. 
lie Anally reached a eunriiision expressed as follows: 
"Tkf rays oj radiusi act os o shmtdiu to jiritloplium. Rr.- 
lardalum oJ friieth /aUomng exposure bi (kc rays it an 
expression of ovtr-thmulalion: actrUralinn of grotrlh in- 


diealei siimulolion betiesen a sunsmum and an optimuiH 
point." lie agreed that the root was more affooted than 
the other parts of the plant, and bis experiments show 
that memlHrs of tliu grass or grain family are more 
strongly infliieneod tlian others witii which ho oxpcii- 
nientcd. He iHmiduded Uiat the gamma rays can pene¬ 
trate as murh as a fiKit in moist soil. As my own ox- 
Iierimeiits show, they produce imiiurtant BlTeets at a 
■listanee of at Itoisl seven or eight lini<<s lui groat us this. 

In Kmni-e, I'etil and .Amnliii n'lsirtul lliat hy placing 
the snsls In-lwis-n shts'ls of lilolting itufsT inuiateiusl 
with nuliu-aelive water, nut only wen- a luueU largiT 
immlsir of ray-grass siods germinuleil tliaii when plain 
water was used, hut the nsjls at llie einl ol the Ihirtivnth 
Hay were ten times as lung as lu llie laltaT. Witli wlieut 
and corn the inennsed length was nut so great, hut was 
very markisl, us was also the gn'ater length of the stems. 

The NaliouHl Agrinilliinil Sehuel at (Irigiion, France, 
experimented witli six vanelies of isiIbOsm unil obtained 
by the use of radium an average gain of more lhau Hi 
per cent in the weight of tho cnip, the istUibH'S at the 
same time conlaiiiing more starch aud Iming (siircspoml- 
ingiy more mealy anil (lalalahle. Barley so Iri'atisl 
gave 17.0 (sir ci<iit more straw and per rent mom 
gram. Muslanl gave 27 js-r cent more straw and 04 
per rent mure sissl. Flax gave 24 p<>r rent more straw 
and Upi'r Mini mom sissl. While vetch gave ID iicr l■l■nl 
and fenugreek 11.5 |mt i»>iil more fodder. 

At the Agrieultunvl School of BHrlhoiiviil, the exis'n- 
munts wore nimle on plots of a his-lam Mirh Upward 
of a 15 |KT wnl lll■‘^eaml in tlio > irld of grain was obtainisl 
hy the mdiiiiii Irealmenl and over 14 jht cent in that of 

At tho Hariiei^Adams Agnciiitural College at New¬ 
port, Fuulkes also oblainnl a 14 |H-r m-nl inenwac in the 
yield of table beets and men' than 20 per rout in turnips, 
plots of a hisiiare rauli living employeil 

Messrs. Vilmorin, .Andrieiix & Co. and ulhers ex- 


pcriuieiiUxI with llowora, obluining very satisfuelorr 
resiilts on ohrysanthemiiins, roses and other out (lowers. 

All experimenters witli plants in poUlmvrmiwrb'd siieh 
plionouirnol inrruasi's in nwt devolnpiiienl I iiut the iilanis 
qiiirkly licranui rool-lsiiind and hiul to I'e sir.ssivrl.v 




J)D I^t •( oAUffu (trMtod with twaaty-tvs pounds of R. A. T.). 
It wB bo notfcsd tbit oiuy Isovos bavo basn dsotroysd by cot- 







SaENTIFIC AMERICAN SUPPLEffiNTNaJMt 


Mtt 


traiurorrnd to othtr poU of a oonaidnably Imvot liza. 

A nuMt Axtouivo at laperiinetitf hai been eained 
on at Joaohinurthal by Dr. Julias HtookUsa, dinotor of 
ths Okom..Phyi. Instltuto at Pratrio. Thesa «pori- 
menU extendod ovHt a period of 7 years, tbe raeults 
beiov embodied in a voluminous report, made in Bep- 
tomber, 1013. There wore many series rf esperlmonts. 
in one set, thn plants wore xrown in ordinary soil and 
watered with water possemim various decrees of radio- 
wtirity. In another set they were grown in water 
supplied with plant food similarly nhorged, wbile in 
another set radio-active earth was employed. Thu 
follotrinc results wtun oiitaiued: 

The first experiments were dinmtod toward aaoertain- 
iiill tlie etlooU of radium upon the antivily of those 
baeleria which take nitrogen from the atmosphere and 
fix it in the soil in tho form of plant food, thus enriehing 
the sod. He found that liquids eonlaining these biuiterla 
gainnd from .12 per cent to 76 jier oont more plant food 
in this way under radio-active influence than without it. 
Unused soil gained from 10 per oont to .K) per onnl more 
fertility in a few months from this nausu under tlui same 
uonditions than without the radium. 

Many previous experimenters had reported that radium 
exorhsl a toxle action on plant lifo, while olhimi had 
ileelomd to the contrary. HUmklasa nipeated all these 
experiments, but In two series, one with very small 
amounts, tho ether with large aniotraU of the radium. 
Me found that in must of the latter oaaoe the eirocta were 
loxic, while in tho former they wore healthfuUy sUmu- 
lating. Me alwi found that different plants ditlemd so 
materially m their susnoplihillly that the same amount 
of railium might be stimulant In one but toxin Ui another. 
What was even more lutenistlng and im|sirlaiil, he 
sluiwfld that families of planU manifestod this differeni«<. 

When a very low radium activity was cmployeil. tlio 
germination of seeds was increased from 70 per oenl to 
KID per cent, but it was retarded by a high acUvily. 
Drying and weighing two sets of planU after 48 days t»f 
growth, one set grown under radKeaetivity, tho other 
not, tho former showed an Incrcswe of over 200 per rent 
in peas, over 100 per oviit in beans and lupines and nearly 
000 per oont in barley. In another set of experiments, 
with lentils, peas and wheat, the gain liy the use «f 
radium ranged from 02 |K>r cent to 1S8 per cent. With 
buekwheat, the inoreaso ran from 42 pw cent to 100 per 
ismt. With poppioa, there was an Inoreaso of 117 )kw 
cent in the seed, and 32 per sent in the plant exelustvc 
of the seed, or 60 per oont in Uital. With lupines the 
seeds gained 04 per oont, the total gain being 60 per cent. 
The grcatMt gain was in thn early stages of growth, tho 
mtio dennwsliig thneafter. 

Thiwe studies taught that nil the main fiiiiotinns of 
the living oeli are greatly elimulateU by radium. The 
fact that etarnh piuductinn went on in darknees, and other 


corroborative tacts. Indicated that the eOeets of the 
radium olosely resembled those of the ultns-vlolet rays 
of the sun. 

fltooklasB dsn succeeded la syathetidag sucar by this 
radio-activity. The bearing of tUs tsot upon the pos- 
slblo Ino r eas n in sugar production by piabts is momentous. 
It also explains the great in erss se in iwestnsss obswed 
from the radium tnatiaent of beets, esmts, tomatoes, 
pumpUns, squsshas, melons, sweet eon and otlmr veie- 
tables. The feet that suxar-beets slwwed no inenaee 
in sugar eontent is perhaps due to thsir havtng rsaehad 
a praetieal maximum in sugar prodnetion. 

Ho summarixes as foUowB-. 

“All of our researches point to the faot that radium 
emanations with a low sctlvity favorably Influenoe the 
oaryoUnMls of the oell, the entire devetopment of the 
plant, the mechanism of the metabolism, the photo¬ 
chemical assimilation in the chloiBnehyma, bud forma> 
tion and finally fiutlficatiun. Kmanatioos of too gnat 
activity emrt an Inhibiting influenoe on the growth of 
the plant and cause toxle symptoms In the eells, both in 
thow eontalnlng chlun^hyll and those without." 

Its also says that If we aenuns under ordinary eoiw 
ditions land will produce 200 hondredweifhla per beotars 
of corn nr cattle turnips, we may expeet 300 or 4(10 
hundredwelghU under the influenoe of radium. 

He ooneludcs, flnaUy, that the effeots of radio-aotivlly 
arc gnwlest on young toliage and almoat equally great 
Oil the petal tiiwues of the flower. 

Against this array of positive cvldonoo as to the stlmu* 
latmg elfoats of tho radium, I had the negative effect 
tif a caution from tho Vrench Agrioullural Bureau against 
Hie probability of such a prenouniied action as had boon 
rciNirtod, on the ground that tho amounts ct radium In 
radio-active earths wMoh had been employed were so 
very small. UUlu weight eould be given to this sugges¬ 
tion, because of Its purely epeoulatlve ohameter. Al¬ 
though it was pointed out that anUnaiy farm soil is 
radio-active, often more strongly so thssi the radhun 
mixture that was applied in the experiments, it was a 
pure aMumpti<m that this activity is wholly due to radium, 
or that such radium is actually present in the top^iil. 
and in faot it seems far more probable that it Is in part 
duo to the direct effect of the sun upon the soil. However, 
the ease was one that oalled pre-eminently for the aotual 
test of cxperimenlatiun and to this I applied myself 
in the most praotieal possible way. 

I mwle U my businem for the time being, to Ignore 
ail thoorolloal ismslderatlons and to proeeed with my 
triabi precisely as a fanour would proceed in preparing 
the bind and applying the rpdlo-acUve material for a 
market crop. 

My ux|M<rimtmta and observatUiiis Ineludod the winter 
eulture of radishes in a market gardener’s groeobause, 
some seedlings in window boxes in my own liome; field 


crops eoveriac nmra thw IQtl aM »t MoliUsId. 
undsrthsdiiwtioitaflir.W.W.Daslsf.aasgqMflinaa- 
tol gvdensr at FHtsbiiiidb and tbs ptooitatiM of aa asm 
and a half at Katby, N, «r wtitb I have had imaMdlMc 
porsonal ohsege ttoongboot the ssasoB. 

The greenhouse tadlshss wen aheady about a^ luA 
high when the tadflam wae l^^lllad. A tnatotr waa 
eeratehed midway between tha rows, wIriA tnro 4 iMfeM 
apart, and the powdw eeniud thei^ at tba lata of M 
grains to tbs square foot, wiiUi to equal to dbcmf flO 
pounde to the acre. A sqnan yasd was thus tiwtad 
and was eompared with aa ssutly tiaiQw sqqan yard 
upoDthesaaiebMieh,aboutlOfeetdtotaBt. Tharadtum 
radtohes soon appeared mueh inftrioc to ths OtbMi, sad 
eoutinued todotatotbeeadofthe wperiment, thq tope 
being nnaller, as tbougb stunted, hut on harveetlBC sad 
weighug the green tope and the rooto eepantely, tiw 
tope wve found to wd^ 17 per oont loto from Ibe tadtiUB 
plot than from tba other, whito thoradtohee wstchad dboat 
20 per oent.mwe. 

The eeasofl of growth bad bean very htoL fbhqiary 
bdng very etormy, with little eanafatae, cad that ttUla 
largely exoludad by snow lying upon the idsM roof, Thto 
ohasrvation to of muob Importanaa, Indicating that It 
reqniied lese green leaf euzfaM under ddtotonl sunlight 
for tho plant to manufaetun a larger amount of food (or 
depoeit in its root. It will later be seen that vadous 
other experiments Indieato sad elniddato this prineiple. 

Both of my window bones wero filled from tba tamo 
pile of loll, similarly treated tat .every way em^'tSht 
in one the above-mentioned aniount ot nullSM'N^ 
wee mixed through the eoil. AH operatioaa were eo^ 
ducted for both boxes at the laaie time. Their potitioae 
In the window were ezobanged from time to time, lo aa 
to preserve absolute equallly of oonditinne. In the 
boxes I sowed cabbage Mid tomato aeed In altemato 
rows. The •oods germinated one or two days earlier 
in the radium box and the pleaU wore already wall 
developed when thoee In the other hoi broke thiou^ 
the ground. The dlfferettee was more marked with the 
mbbages than with the tomatoee. The original lead of 
the ra^um plants continued to Inerean throughout the 
experiment, and after iome two months, when the et> 
pwiment ww brought to a oloee, a given number of plants 
in the radium box would have wsJghed from six to ten 
times as much ae from the other. 

In Mr. Flannery’i garden I partloularly noted the great 
gidn of turnips and beeta under the tadfann influenoe 
ever those without it. Redlabee, whloh I did not myself 
see, were said to have yielded more than 100 per eent 
inarease under the radium treatment. The quality of 
the radium-grown vegetablee was a mattw of speoUl 
eommunt by all who tried them, and thto has proved true 
of all vegetablea raised elsewhere under this treatment. 

(To be ooaffowg.) 


Fuel OU la the Navy 

Tux fiiUowIng inten-sling facts are given in relation 
t 4 i lli« Iimi of fuel oil in the United Slates Navy in tho 
report oil the production of petroleum in 1U13 issued by 
tlic U. S. Oisilogieal Hurvey: 

Tests have Imvu named out dunng the year at the fuel 
oil testing plant at Philadelphia with a view to making 
the naval spenillealionB for fuel oil loss strict in order 
lo get an oil at a cheaper price. 

During 1013 a issu'd was ivinstHuUsl in the Navy 
Departiiicnt to deleriuine a prois-r flash i»lnt for fuel 
oils to 1st ubmI on baltlimiuiis. Tho imlKirtanwt of this 
subject has been ntcogiusfd liy reports from various 
cxpttrls to foreign governmenis, wliicii have rcHulUsI 
111 the ailopliim of the fulloaiiiK minimum flash points fur 
fitel oils for naval purtsisi-s- 

itlHimum fia»h /sijkIs aHopUii fur furl odu for ruioal uur. 

Deg. Pahr. 

UiiiUsI Hlatcs .. ‘lijO 

(In-at Itrilain 176 

(lemwnv 117 

Kraiicc .21)0 

Kiissia 212 

Italy . 212 

Austria 24K 

Tho board began Us iuvveligation by adopUng llm 
following asminiplKins: 

(aj That oils having vUoositlcs such that tluiy must 
Ist heateil in tlic bunkers must liave such a flasli isiinl 
tlial no explosive or inflammable mixtures arc fnrmisl 
therein. 

(b) Tliat it is undesirable and dangerous that oil 
should be bnatisl anywhere- in bunkers or in firorouma- - 
alsive the point where explosive or inflammable gases 

(r) Tffiat tho mlusbility of the flash cup in detcrminliig 
Iho |H»lnt, at which Uiis eoniiition of explosive mixture 
Is-gliis to exist should lie i-liivkisl In onler that a guide 
mav be astobltohetl whlub may lie known Ui Is' safe aiul 

isisitivc;_1______ 

'Hodooto (ron 176 decrasi by niceainioDdsUoo of this busrO. 


Tho board then obtained large sampice ot otto whloh 
sluiwed ebarwcterislies givmi in the acoompuying table. 
Those otto includv the eharaotertotios of praotioally all 
known fuel olto. 

The first problem Inveetigatod by the board waa to 
find the temperature at whloh vnrioux oib must be 
heated in the bunkers in order that the pumpa may take 
more than the quantity for foll-fpeed rtrwrrmg oondi. 
lions. With pumps such aa uaod on battieshlpe three 
grades of Mezieaii oUa were naed, tboM derignatad aa 
15.4 degrees, 17J degrees, and 11.7 degteoi gravity 
Baumd, the tost reprasentiog tne extreme vjscoui oils 
on the market. The suotion was taken from the l,2n0> 
gallon submerged oil tanka with about an fi-foot lift 
from about ](K) feet ot 3-inah piping bushed down to 
lll'i Inches at the pump. Tho following reeults were 
obtained: 

/'iiwping eapatity of pumps for differnU oUi at varfing 
__Ismpsraturss. _ 


pumps may supply an adequate quantity for full apeed. 

It will be seen that the 17A degrees Mexlaan «U must 
have a temperature of 67 deg. Fahr. or above in order 
that the pump may take aa adequate supply for fall 
speed; the Mexican 16.4 difrees, a tempontiun of 77 
deg. Fahr. or above; and the Toltee (Maziean) 12 deg. 
Baumfi must be heated to 108 deg. Fahr. Thto latter 
result is oonsidered by the board aa tba Ifanituig tempera¬ 
ture. The board sacertalned that it to the preothw on 
the Southern Ftwrifle atcamers burning thto oil to best 
up to 116 deg. or 120 deg. lUir. 

Tbe next problem was to sampla and analyie and at- 
tonpt to ignite the gasts giveu off In the Irankm at these 
temperatures, in order to aanartain the danger of sueh 
heatmg of oil In foe bunkers. The btveatigntion showed 
that no Inflamaiahto gas to formed nadar oondltione 
stanilar to tboae in the bnnkera at aUpa un^ the od is 
heated to Ita flaah pidnt, and that the Abd Ptouuky- 
Martin oloaed Bash aup glvea raaulto wUah ehadt with 
the reaulta obtained In the tank. The axoarfaiiant 


Temprestun. (diw Kshr.) « vapor'aolffiTf^ any «- 

Bsums. Bsima, Bsaia< Pkwive mtoture uw a tian i i l fatn ia affotvalaat to (toah 

ssuoe. ssUoss laitoiui pdfot was reashad. ‘ Immliiatiiw oT foa afo nvar foe 

_ twhow. ytrbear. pa-boar. *niir nils III thibunkin nfTaiiniMhaWWdirnlmaail llial 

os . '■« rr *>»<»*<»**«»"* 00 ^ toocafoaaan fo tig iiHttof i t qnaa- 

7S . . ISO ■ »'.;... tity of aombnatibk vapor. AJawrtI eiff*ar,«Bt of 

ISO 370 i.ioB aombgrtlbbvaporaagtbopc to Ba t ^aalitoiaotvmor 

Si. I IS ,11! and air to (onn aor ogplMlTe wrtgfo.- thn. taigert 

lou . . 1 SI iJS amoMt found wto AM. par 

lie . .,;;i aw iS iSJS oIusIoM wam laad^p 

I”.j •«» 3,»« 1. At foe flash to mp aa ato wa 'Oto'-npakl pmdaaad 

III, . ooi»tttatoaboatWtot»pto^<^foaiqtotoroof 

ISO , , . , 4 ;iro.•'food They aoasiitJ!iW^jiSr4e»i»toaa( 

-- .. .tiSJ-isH. the liquid , haokaa —■' - 

Tile bnwd estimated that tho standanl ttake panip A On howd ih(p' thato dSimJhniMtiafl to,wiWa 
used lu this UMt, which oonfonns wHh the ustaSatiou about 16 dqr. Oebt. iW.dw, Ihte.L oolat 

.»tH ipillonri OU lnHir* in ardor to Baoun) jui 

fliuiuitity fur full |M»wrr. TUs, Umo, b tskm h tl» a. 

suiiiloiil Ilf cinii|iurii»ii In determining the toaperaturo qf foa tempentoMs’te^niA- IfeO to baatod 

to whloh uU must be boated in order that tha ■oetta tgfwy aa 
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Effect of Climate oh Location of Manufacturing Plants* 

An Important Factor That Often Determines Economic Success 


Bavon diHinaaff th* UMK^on of » phnt, Ut ni divide 
meaiifMtiirisd liidnetilM Into groope mpoetliic the 
■ouree of nw inntecleli or thdr eqaivnUnt. 

1. Diaae that are oompeUad to bieate near the aovne 
ot the raw nalaiU, nieh pa hiinber mllU, floor mltb, 
ootton glaa, aogar eaiM mllli, beet sugar thetoriei, cement 
plaata, quatrisa, whanae, hotter and oondenaed rnUk 
faatoriaa, eaaning daetoitss and meat paehiiig houMs. 

2. Thoae that moat hieate at or near a natural source 
of power, auoh as planU predaelng eteotrioity ftnin water 
power. 

3. Hants, theloeatianotwUeh la taad by fuel supply; 
eofce ppodnetwn, steel and iron fomaesa. 

4. Good marltet loeattons; toundtiet and machine 
shoin, olothing maanraetiuing, all artiolas of household 


a. Industries, the aitea of whloh should be ehoeen; as 
agiioaltnral implements, automobiles, eutton and woolen 
manulkoturlng, boots and shoes, brass products, smelt¬ 
ing and reflnlng, earrings and wagon taotories, chemioal 
manufaetuiing, knit goods, leather and paint plants. 

Kor the Utter, No. 6, fuel and raw materials may he 
shipped hundred! nf milea U the reUted oonditions are 
favorable. A eaivful analysia of the faeton of location 
thoiild be made for this elais. 

The shipment of fufd, stuck and finished produoU 
ptaom the manufacturer at the meroy of the transporta- 
tkin oompanici. Our northern uUmste absoluldy pro- 
venU the oontinuous use uf inland water ways for from 
three to d^t months annually. To avail blmMlf of 
ebetp water freight rates, the manufacturer must move 
a year's supply of fuel or stoek during the abort naviga¬ 
tion sosaon. What is gained in a low rate is often more 
than outbaUnnod by interest charges on matnrisls which 
must be protected by innimnne in a warehouse. The 
rsilrosd more nnariy approximates a perfect system of 
tnuisportelion. This, however, is aim suhimt to the 
vagmnas of oilmate throughout our main manufaeturlng 
belt. 

All eUiisei of manufaeturlng in central and northern 
New York suffo- annually from Uok nf fuel supply during 
January and Tebruaty. StaDlog of raw stock and fre¬ 
quent P lai n ng m and fMght demoralisation north of a 
line aMAeetmg Portsmouth, N. H., Pittsfield, Maas., 
Troy, NTT., paisdiig Uirough UUoa, Rochester, Ouffalu, 
Detroit Milwaukee, is not oneommon. In this 
region, mbmenU are lost in snow drifts and passenger 

An poM jdanti suffer from low tmnperatures. Water 
ways aajjhmuUte anohor iee that U diffleult to bamiU 
and wfw mains cause hoars of delay and require 
many Wars to repair. Water, ataam ^ ami Hpe* 
are neniftary in every Induatiy. The further north the 
looaUon,'lhe greater the annoyaaoo and oipense in- 
aidant (6 froat. 

Being no leapeeter of persona or things, gas is not 
exempt bom the ravagli of cold weather. Inanorthern 
oily, a main of oonaideialde slaa was catiied over a bridge 
Ihm^ a hoxad eoaduit paeked wlUi Ixne dung. Dur¬ 
ing a spdl of extremalj cold weather, I found Urn oandle 
power of the gas lowei^ from 14 to 0 at this eroaaing. 

I do dot know of an Instanoe where the extreme heat 
of our aakthem auaunm hai any marked effeot upon the 

I aaeahaalip) equipment of raOruadsortiuipawerpianUof 
nd^ tabor, howivor, legpMidi ^pMdy to eUmatIo 
July and Angnst, Ahe eitlea in our 
It are fobjeet to about three waeki of 
elose” “hot" weather. Many plaau 
enfcaoad vaeatlon and taka advantage 
I ananal “elean up” and Ihs neoHsaty 
M tamiMrahm leaehas 80. dgg. Bahr. 
ark with otrsma humidity, tiw average 
NtUa cf asoeh effort, dther physioal 
mnmy aonglfaw atmtUly elimbs by 
tin It itmebea tba 100 dagtee mark, 
is damowHtsd, aff are mgvous. urit- 
Nus. fbofiHtta suflat* noeordlngly, 
ashOy ffUMtlo mnohloaa. Men In 
w mtpa'aaatsrina add in eloeed areas. 


bu^TiyiltM-itUV'of tUa eharaeter 
Hed In * until it o'clock A. M. 




By William M. Booth 

during periods of high humidity and ooul nighU. Sum¬ 
mer oolds heeooHi apldemle from damp rooms and air. 

Sevme snow or rain storms are shown on the time 
elook reeords by tardiness and abeenoe. Such may ooour 
when orders ere abundant and help is searee nr when n 
apeeial order must be finished by a eertaln lime. Severe 
and inokniinit weather over a period of several days 
sometimes demoralises a northern mill where women are 
employed. Vnifaniily bad weather compels i>|ierativia 
to live but a short dlstanee from the plant, which is 
usually a disadvantage from a home sland|ioint. 

Considering extremes of heat afid cold, white Utlsir 
s ea ms best qualified by temperament to work in the 
isothermal belt bounded by the 4Sth and GOtb deg. Fahr. 
lines. Interudve miseellanoous manufacturing cannot 
thrive in the nreae smith of this boeause white help can¬ 
not work the year around in closed rooms al the hlgli 
temperat u res found south ot Baltimore. The indiffer¬ 
ence of labor in the soeallod “blaok belt" of the extrenio 
■oath ia one of the greatsot handioaps to the manufacturer 
who builda a plant where extremely cheap labor abounds. 
Besides ploknig cotton In the open, the oolurod man has 
little value in the skilled labor market. 

I aee no reason why Intensive iiianufieluring cannot 
be earned on in Washington Htatc and Oregon, as sotm 
as labor and market oumUtions warrant such artivitiiw. 
The humidity is sufflciently high in Portland and Seal tie 
for textile mills. White employees can bo utilised, for 
the 46-SO dog. Fahr. isothermal of the cost also includes 
these loeolitiia. California must deiiend very largely 
in this particular upon Asiatic racie now empluyni in 
the fields,- -Hindoos, Chinamen, Japanese and Malays. 

Parle of Texas, Arkansas, Colorado and Utah an< 
sufflciently elevated to attract white labor in mills during 
the greater portion of the year. 

Atlanta has such an elevation as to ploee it in a tem¬ 
perature clam considerebly further north—about 3 deg. 
Fahr. in the <«st, all loeatioiis are greatly favored by a 
medium dtitude. There are many niimiig eamiis in 
the United States, however, the elevation of wliieli is 
suffloiently great to seriouidy affect the workmen. Tliose 
with weak hearts eannot be employed and the extrenio 
dryness of the air oiacki the lips, fatw and bands. The 
body tires easily amt a heavy dtiy's work U absolutely 
out of the question. At some altitudes, women eaiimil 
bo employed, due to thrir sox. 

It may seem unneeossary to mention the effoi-l of 
s unshine upon labor. This is, however, an lin|H>rlanl 
oonsideration as the mind Is more free and the body alert 
during a bright day than on a dark or ehiudy one. 

Moehinery is urdlnanly free from atmosphoie ehaiigie. 
However, warm weather iooeens Im 4U and lowers tlui 
peraentago of produot. I have timed a machine, turning 
out 8jn0 pleoes per hour, and have found a difference 
of 600 plenea, duo to irregular belt slipping. 

We now eome to the meet important feature of our 
subjeut to the mMiufaeturing chumisl. I refer to ai>- 
poratus and process work. My attention wnn llrsl 
colled to this in testing out a milk dzylng oioohine at an 
altitude of 1,100 feet. Neither llionnometer nor lierem- 
eter satisfied the oouditiuns impoissl. Wo finally selUed 
the dlffleulty by rodaoing direotinns to ebanged all.itiido 
and sueoeeded fairly writ. 

In the manufaeture ot gelatine capsules, small eoiie- 
shaped forms are dipped into liquid geialine. These pass 
eat of the fluid, are elevated and dried l»y a current of 
warm air. This must be diy, and should 1h< kept uni¬ 
formly ao by a oonditioning proenss. One of the most 
hygnweapio subatanoea with whieh I am acquainted 
is ifiaeose. This has many uses and will absorb enough 
water to spoil otbw bodies with which it is mixed if the 
air is humid; equally difficult to manage is dry mall. 
Flour must ho barreled and stareh must bo boxed m a 
dry room. Olyearine is very hygroeeopio. Calcium 
chloride and enustle soda ihOuld he handled in very eulil 
or dry air. Chloride of gold eannel bo hoiUod on very 
moist days. Dry laundry ehemioal mixtures should ho 
mixed and bottled or boxed In a dry atmosphere to pre¬ 
vent caking. 

On the other hand, linen, eottmi, jute and hemp must 
bo spun and woven in very moist air. Many tbousamls 
of didlnn have been lost by erecting a Uixlile plant in a 
loeaUty where the mr la too dry. Fall Illver, Proridenm', 
Lawrence end LowHl owe their boiiig to a moist (75 per 
cent hnniidlty} •», with fairiy uniform temperature, 
favoimhie to cotton spianing. t'otton manufacture has 
falledln dry ah'kM^Usa; it flourishes in moist air. The 
city of Denver was ehosen for cotton mills and the experi¬ 
ment tried but partially fatted benausu of lank of moistuie. 
BmaB atari maty porta oust bs made in a rsoMnably dry 


olimato. The eiiamelisl hatlier business is dnpcnilent 
upon sunslunn. 1 liavii knowu a plant practically elustsl, 
waiting fur a Hunsliiuy day, that the lualber might lie 
banked in llie open air, faeiug the sun. 

When a sti|M<nnteiidciit tells nin that climato has no 
effnet on his output, I know ho has not mode a study uf 
his conditions. 1 have never yot been in a mill where 
climate iImsi not exoet a penalty dun to thn rarelessnna 
or ignoraiiee of tile managi'meiit. The fliiisbcMl product 
is no oxcrptloii to the exactions of temperature. Food 
preduots and aiiuwius solutions must not freeze; japanned 
articles must not ho chilled; metal parts must not bo 
packed in damp material or stand in damp plaoos In 
transit. 

Northern mill owners and workmen are subjnet to a 
elimale tax in the way of fuel, which may bo estimated. 
Ill nentral New York, an industry employing‘AX) men and 
women burns three tons of mud lor heating purposes ex- 
elusivoly, liuring each 24 hours of the winter months. 
Tliis euol costs Kl.U) per ton. Exhaust steam is not 
available as it is used for otluv purposea. The 200 
umjikiyees represont about 00 families that burn on the 
average six Ions of coal each annually for purely beating 
purposes. This eosts I6BI) iM<r ton; a total of nisiul 
$4,IK)U for fuel duo to a nortliern lueatsin in what may be 
minsidend a siuall industrial center In a country village! 

To attempt to locate an industry where destruetive 
wind storms are unknown would be iniposrible. 

The annual floods of the Ohio and Mlssusippi valleys 
cause hundreds of thousands of dollars loss. Of this 
manufacturers pay Ihiiir share. 

Tho AUiglieny mountains system contains many 
narrow valleys with steep sidi« that have Iwn a|>- 
propriaU-d by manufacturers. Qratt loss occurs through 
the freshet st'awn. 

Hyroeumi users of Niagara rieetrio current have oe- 
easiunally been greatly inoonvenionced by loss of power 
and liKhl wiion food wires are struck by lightning some¬ 
where along tho tine. I understand that this dilfleulty 
is not uiunmmon whorp olootne isiwer is utilized and con¬ 
veyed great distaooee at high voltage. 

T have had two objeeta in view in tho preparation and 
pnswmtation of this paper. Tlio first of these lias btvii 
umte certain data that have been eoliccted by tlie 
weather bureau for various purposes and to apply these 
facts to ilui solution of the pnihlems nf plant ioealion. 

Having plotted an area that sallsfios olimatie condi¬ 
tions most favorably, this beoomos one unit o? a system 
of maps that may be superijuposnl, rseb uf tlieso repn- 
senting the best location for an industry and covering 
thn following; 

AeooasibUity of raw maUnals, market, transporlalioii. 
labor, iHiwer, water, supplies, climate, bygienie condi¬ 
tions, tovM, insurancu, hanking facilities, histting and 
ligliling. 

A praetieol manufacturing sihi can. fur a given iii- 
diislry, tie determined in tins way in mlvance of tlie pur- 
chan* of proiS'Tly or tlie 1 * 0^11011 of Imlldings. 

The Heeniid object of this |iu|x*r is to show that owni'is, 
supcniitendcnts and o|S'raUirs of mamifacliiriiig plants 
have sehlom considered the varimis favorahli* and un- 
favuralile effects uf climatic cliangc ou tlic husimws in 
Ihoir ehturge, tlial many impnivi'incniH may bo msilc 


A Handy Fonndry Cupola 

At thn Puget Sound Nnvy Ynnl. where the work did 
not wnrrsiit tlu* regular oiiernlloii of their fimiolry. 
there were frmiiieiit deiuaiiilH for a few hiiinll cnstlngs 
for quirk delhery, and to nicke Ihcw* li.v Hie regiiliir 
foundry nipi't" of H.(XXI pnuudH espselly ciitnlled great 
waste snil exiieuM*. To meet the dllltculty n little 
cupola of (too ismiida rapncity wnn const ruetml out of 
disearded material picked up Hnniiid itie hIio)S 4 which 
has ilmie excellent work and prnvml very satlsfaetory. 
It Ih only about 4 feet high frisn the liase, and the tii- 
ternal illauieter inside the lining Is 14 Inches. The 
tuyeres, two in numlier, nre rectnugiilnr In shsis*. niiil 
px|«iidliig. witli their lower i<dgeH 10 Inehcs from the 
Isgtiaa. The opening is Inches wide at the hnsiil 
Fiiil Slid shout n tnehns nt the linrrow end by 4 Inches 
dciT. The ratio at eupola area to tuyere area is ap¬ 
proximately three to <sir. Tho bottom plate Is a esst- 
liig latortsirotlng the mihsiI ; tlie eyilnder Is mnde of 
Mle<*l plate. The blast Is taken from the isiuipresseil iilr 
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Photographing Projectiles—11* 

By Means of Illumination from Electric Sparks 

(^oiicluiifld from SciKNTivrc Aueuioan Suppument No, 3047, Page 206, March 27th, 1916 

P'ui. I r, IK on oUl Maudur buUut in flight. TIib im|in<H- and omployiiiE a method for dlaoliaisiiV lh« eparln not ciiault by oonnmUnc two ihseU of^oll near ^ mil^ 
HiuiiH i)f the rifling om plainly vieible in the lead baiubi. readily dleturbed by the motion of the projeotile, to of UiegniijandtheieoondlUiBnuiatlimooourredwhailtha 
Till) iioiiit of dinohai^ of the eleotrio spark is behind the measure the numba of tarns with very satWaetory same pK]aaaia attec a taruiar tnvw of 46.48 maters 
projeotile. aeeuiaay. eonneeted two bthar sheeta of tWoIL Tha time of 

ng. 10 roprosonU the sune bullet; the point of die- Kig. 17 U the infantry bullet in flight at a ddstanoe of fli^t of the Modal 88 bnUet and vatoei^ may 

uhario of tho itpArk u at the loirer ride of the bullut. about 2 meten from the muaale. The liupicMfnna of the now be determixied u toUowi; wog tand JhM 

Upon tho hiwi of the bullet atraitfht tinea were drawn and nflin* are plainly vWbl© in the negative. Wo are thua paawtd aoroee tha gradnation marie nambered «. One 



Pig. 15. Wl- 17. , Hg. Ifl. 


niiniliurud. ftum tho sharpness of deflnition of these in a position to aseertain whether the projectile follows edge of the small hand has in the same time advaoeod 
marks in the photograph, It Is to be Inferred that it is the rifling or not. The pioture shows, besides the bullet from 79.0 through the seto to the position 62.6 (the re^- 
fnuihlu, by taking two photographs of the same bullet, in flight, one of slnular ohanetorlstles at test. Com* ings should be obtained by enlargiDg the negati're with 
at the boginnlog and at the end of a measiireil distanee, paring the length of the bullet In flight with that of the a projecting apparatus, when the flgnree after the deelraal 

-one at rest, wo are in a position, the velocity of the bullet point cannot bo in error more than a single unit). The 

■ •■"r **• known, to determine the length two readings of the okiok ara then 4479.6 ud 4662.6, 

teMifm the ZtitKbtn atmStaSIjM-wid 3tpm^s- of time raq.uired for maldog the hnageton the plate*ln and the time of flight Is 4JUQ0 - 4.4706-0.0780 second, 
Kwjteihe jMiriwiie>iAe u«Mrd.s/«M.triinrrv br t&irWV H^htiag by means Of tho eleeWo Ipark, Or at least to aoeordlng td Hlpp’s elook. The test of the Hlpp’s olook 
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Fig. U. Fig. 24. 


bjr mMni of an ordinary oloob sbowad Uiat 20 leoondg 
tmn thne mm 20.0W Moondi by the Hlpp'a ob>ek. The 
tiine of fUght o( the projectile In true tiiM la, therefore, 
20 

0.078 X aeoond. The meatored travel 

bring 48.58 meten, the mean vriority U 45J1S+0.(1727- 
Va-627.0 meter^eeeondi. Aoeordlng to A. Buigidorff 
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the mean velocity of the bullet Model 8K, ia Vi-040 
metw-aeoonda; while the mean veloolty of the name bullet 
determinod at au earlier date In the Balliatlo laboratory 
waa Vw-024.7 to 027.0 metecHnoonda. We may tiieta- 
fore oimolude that the deduced value, Va’*827.0 meter- 
iMoonda, ia thoroughly aalabliahed for thia individual 
bullet hf ^ aevoial metboda of determination. But 
it ia far from our Intmition to anbatitute tor the eatab- 
llahed piaotiee a new method of meaaurlng the vriooitiea 
of projMtllea; it ia better to reatriot the method to labora¬ 
tory uae axelualvcly. 

Fig. 12 ahowa the burating effect of the S-bullet In 
penfarating a freely anapended rubber bulb filled with 
water. The bullet haa perforated the rubber bulb and 
la r*—'rg out of the field of view to the left. The rubber 
coveting haa been abarply dtatended In the dlreotdon of 
the pgroJeotOe, and will aubaaanenUy be tom eompletely 
apart, the water bring thrown in all direotiona. (The 
object of thia and almilar photographa ia a reply to auoh 
queationa aa thoae adend ua by the oriebrated army 
anrgaon Dootor von Bmna in regard to the waya and 
mcana by whkh the hand of a bullet la detonned In peiv 
fotating aoft parte of the human body.) 

ng. 20 la a ftereoaeqde photogiaph of the aame. 

Flff. 21 and 22 ahow the aiplarive eOaot oftheS- 
bnHet op motet riay. WHhln awoodenbog (Rg. 21) a 
ban of moiri day la ptaoed In the line oMn; oloae behind 
the day baU tn the ^dnte of dieohar^ of the eleetric 
pparin; the four llUiminatiiig vark-pluga an oonneeted 
, by abort eondiMtora with the floodenaan and dteohaiged 
ode bfter the other; they an vtetble at the four eomen 
Otthebox. InIlg.22laahownthetaineeteybaIlBait 
appean ahattend after perforation by the 8-bullet, 
fngnente bring aeatterad in aB dinetiona. but nmaining 
eonatant in volume. Then ftagmente were thrown with 
grant loroe autainat the waDa of the bos toward the gun 
and to tile raar. 

. Fig. 28 te a itanoaoopto p h otopBidi of a rieoohat on 
Mfo-watar. 

. I1|.24te ntan in lapU tamolutioh. Oniing the 1»- 
andlbly abort paiiod of illaadnation the fon appaan 
atatioaniy. ,inat it li aetnaOy nvolring ie riiown by 
.lli'fdhBt on iiw iMBar atetoa.' . 

. Ri.25tiMtiaMSdaipaM.'water. IhaphonoiMna 
trA known ter nartHd MlaMU dottatBriM tiw aasMation 
into rinida droin M tite atandy tiw pal^^ 

foniatian of iht- talttng dnpa an aataaUy tapna- 



duond in this photograph In an uimaually dear way. 

Fig. 20 abowa the aame' phenomena for qulekaUver 
bum a amall opening, under lUght pnaaure. 

Fig. 27 te moviiNKiietan film made with a time in¬ 
terval of 1/0)000 of a neond from ideton to ptotim. 

In oite to ijhnteate tbe ebaraotaiiatte dlSwanoe be- 
tWMi Unetoaeopia riiadow pietiuea and Unstoaeopte 
photognpha Bidited bon the bbnt, then te given in 



Fig. 25. Fig. 26. 


Fig. 27 a Bortion of a mii\ ing picturr film muilc with light 
from the backgruuiid, that i* to uy a icriw of uliadow 
pbolograpba. Two Heel ballii an w Buepouilcd that 
when they are at reel they Im duise lugelher. A third 
hall swingi from the left and atrikci againHt the flnt 
ball at net. After the Mow, the flret, or middle, hall 
nimaina at real, even after tbe full itroke; the eeeond hall 
fonneiiy at reel ewinga off to the right. The irholo film, 
which oonaute of .%0 pinturea, waa obteiiuil with nm- 
nave mirror and ubjtnlive by Maeh'a eliaraeleriatie me- 
lliodi. One pioture folluwa the other at tliu rale of 
1/2,600 aeoond. Buoh aerial shadow pielurea arc eom- 
liaratively easy to obtain with the liallialie kinetown|M> 
of tbe laboratory where ia obtainable aullioient Uglil, 
ahining dinwtiy from the rear, paat the liallB, and falling 
on the objoctivo lena of the camera. It ih vaelly niori' 
difficult, however, to obtain aueh aerial negatives willi 
the balltetio kiuetosao|iin metboda in common uac, em¬ 
ploying frontal Uluminalion; that ia, using the light re- 
flented iuto the object lens of the camera from the fnee 
of the ubjeot to be photographed. It is pmclieablo tn 
obtain auoh picturea of a moving object at all only hy 
Intenaely concentrating the elentrie apark light. 

The Hnnnfkil Coiutttiiaitg of Rotated Coffee 
(Coffee-Toxin) 

Tbs dlstarbancca of the dlgCHtlon which follow cx- 
Gcaelve coffee drinking arc ouuililered by the nuthor. In 
a communication to the SoclhU de Thorapeutiguo, not to 
bo due In any degree to (he caffeine, but aulcly to cer 
tain volatile couatlluents formed, and only partly vnle- 
UUied, during masting. These are named csfeotoxln, 
and may be eliminated by aubmlttinf the roasted ooffee 
tn aucceoalvc treatment with steam uuiler proonura of 
several atmoapheres, following by exposure under a 
vaennm. Tbe coffee thna treated te railed “atoxlcafn." 
It retelna Ite coffrina unaltered. It differs from ordi¬ 
nary coffee only tn cantalnliig leas cafootoxlii. Cafeo- 
toxln baa a markad lednclng action on haemoglobin, n 
hypotenrive action on the cirenteUon, a depressant ac¬ 
tion on the otntral aarvoai lystem, occaelonlng eardtec 
arbytlimla, and on tho respiratory centers, caualng 
dyspnoea.—Forijlo Pkar. 
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The New Knowledge of Coal Tar 

Scientific Methods for Utilizing the Products of Coal 


THi:qu.«lionin*ybcwk.«l: Why .hould »« 
rnKiii«rinKa.ur«>bopnwilh*l«-tuw<.aoori? htho t 

ui«) (if a fundamwital tUiiw m onipncerinKT I 
llnqumlUiiiahly power pn«luetion Kland* a* one ol c 
the roun.lalion elon* In the ntrueture .rf any I 

an<l of tlie total power whieh ..pitfaUw ^em indwtrlM 
at lc»«t HO per cent u derivml from the combiwtieii i 

fuel, a ehemutal pr»ce«. (toal and «.ke and «M 

fiuui it eoMlilut.) Hf) per cent of the Induatnal fuel of 

^7>^>rtionate eoat of P<rwer vari«w wUloly in the dif- 
fen«nt induatriw, but takiiw them aa a whole, ooneua rc- 
[mru Hhow that fuel cnaUtuti-a abimt 8 per e^ of the 
opetaUmt eoeU (excUiwve of the ociet of mato^e) in 
manufacturin* induatnm, The importance of ‘'"“‘■“y 
in tho uw^ of fuel iMc-omiw at once apparent. Over 
tons <rf <-»l are need for induati^ power. 

If the pemnntage utilmatUin of the eni'rny of thl* coal 
were overywhem inen-aaed by 8 la-r ™nt. an 
entirely powblo through tlu' uee of modem. Improved. 
Ktiwm enginperiiiii appUaneee and of the 
and gaa engine, the coat of the "“‘‘“'7*' 

Dnltial Htatea would be out in two, iind at lowt 

tXIU aavwl. If aU tlm coke produced in the 

ill 1913 had been maile in by-prediict ovenii. 

worth of by-pniduota might liave been caved and $10.- 

n(X).000 in higher yield of enke. 

(kial in by far the higgect mineral 
Hlatec. The pniduction in l«i:i waa about 670.OUO.OIIO 
lone and the bulk of tUc wac eoncumod in our 
The nation'. emU bill wac. th.Tefore. 
of 1 li bilHonc of dollan, or $00 for ewih 
annum. The United Htalec ic far ahead of othiir nation, 
in <wal pimliielion, having lia.ewl Great Bnt«n, the 
nearect eorapetitor. in IHW. and now 
nearlv 100 |aT oent. Since we export very little ooal and 
othlr nation, export a gnat deal, our home 
uurpacHc. that oi other eouotrie. by 
maivm. Our indu.tri.w an. greatiir. to ^ 
mu.t face tlie fai t alwi that an aliundaneo of fuel nwouiwa 
hoc made ii. eareliwa of oWoiency in their uct). 

The coal rcerve. of thl. country are iminen». the 
nm-t nwent e.timat« of the Unil^ 

Survey (for tho XU IntemaUonal Congrow Oeo^. 
Canada, 1013) .bowing 1,600 billion, of Ujm earf^ 
avaUable. not including the .ubdiituminoii. and ligmtie 
eoal. thiwe being not widely uned now. If production 
duMiid ineroam. in tho future at the rate it ha. in rooent 
year., the exhauation id our high-grmle^wvc. i^y come 
at no very dUtant .lay. Hut unquctienahly th^ will 
be a tendency toward a lewier rate of incr^ inw^ 
nimptiun a. the prewnl movement toward grwter 
eAeieney in the mining and iwo of coal gain, heailway 

the lue. of ooal and in what way can 

effloient? Tim 670.000.000 ton. i^uoed in 1013 In 

th«i United State, were uwid approximately a. follow.. 


By Horace C. Porter 

portant degreo dependent on the »me fnntar. The i 
luomdul and efflolent operation of a ocaWniniliig 1 
furnace mquirea an undimitaniUng of the nature and 
behavior of the volatile matter od ooal, and eepeoUlly I 
of that of tho partioular ooal that la uaed In aaeh eaia. i 

Something aa to the new knowlodge of the volatDo matter i 

of ooal wiU bo preiented later, aftw oto method, of 
uttUxing ooal have been eonridered briefly. 

CAMBONIBATIOM. 

Ctfboniuktioiig froni the point of vkiw of furf efidonoy* 
demvM a much grmiter induatrial application than U 
now given it. It enter, a. a faetor to be mxte, into all 
tho appUoationi of eoal, and in coke and ga. mahufaoture 
it eomitltntae the enentlal faetor. Bnt only a mnall por- 
oentage of the ooal ptnduaod ffie. Into eoke and gaa 
manufantum. 

In oaibonkatkin the eoal I. deeompoiod under the 
Inflnenoe of heat, without aceoea of air. and tha onllro 
.ubetanoe other than the mineral oonatituenta break down 
into volatile iiruduoU and a fixed tcelduo, prinetpally 
oariMm and aah. The voiatUe matter ^ the eo^ hero 
again uomM Into play aa an exeendingly imperii phaie 

oftheproeom. The inaniuw .rf the flret breaking 

of thii eoal .ubutanco aa it begin, to be heatod probably 
detonninee in large meaiure what quality of eoke any 
coaTwill form. The earty or primary voiaUle prodneto 
and the kind of heat treatment they roorive aa they Ime 
from the retort determine the ga. and by-produot yield 
of the ooal. 

Imrtead of narboiuxlng and burmng In a unglo “P***'' 
tlon a* 1. done In a oombuition furnaoa uAig eoal, 
by aU of the ooal and the intermediato produeta evidvrt 
from it are burned for their heaUng value only, eoke 
oven or ga. retort iitUlae. the ooal more ai^tllloany 
by oonvertlog It Into two Improved forma of fuel-coke 
and ga^-with a oombined heating value about 86 per 
oent of that of tho ooal, and In addition thereto taving 
the intermediato liy-produota-tar, bonxol. and ai^ 
moniir-whioh have a ohomJoal vahie far exeaeding their 
fuel value. The noko and ga. can bo burned aa fuola 
‘ without amoke and with greater effioienoy than tho raw 
ooal. A portion of tho ooto or o the gaa, to he rore, 

! miut be uaed to ropply the heat for oarboniatag. tto 
item amounting uMaUy to from 10 to 14 pw oent of the 
' original heat unite in the ooal. 

' It I* not an idle dn»m to look forward to the time when 

’ there wUl bo many oentrel poww and heating 
1 in the form of large by-produol ooltoovoin planta, plaoM 
‘ at the minoa or near large oitiefc Aa Influenota lendlv 
"j to thU ond, wo may mention the ^ 

■ ttuROMiiig demand for and value of ooal by^iroduoto 
^ for ohemical pnrpoaea, the mmeetofnl me of eoke aa a 
^ domeaUo and indmtrial fuel, the development of the 
engine, and the growth of public oppoeltion to the amoka 


"-v*" ^ . . iio.oon.oou 

'iSi -au,. pom. pun«.. 1.0,000,000 
Soionlincally the mcthoil. of utilixing ooal 
fi.d into (1) combiiatlon, (2) 

Ihiation by partial oombiutum. IVobably 80 ^ wnt 
the coal coiwumption in Arooriea come, und^lam 
(1), i. c., it i. burned in air directly, ami we ^ thererore. 
the groat importance of improving pmotical mcthmla 
and appliMUMM (or oombuntion. 

COHaUHTlON. 

When wo analyie oombu.tlon aa ordinarily carried out 
in practice we find all three of the fundamental prooeima 

gcingoii. Coal doe. not burn a. a whole on the furn^ 

grate. Tho upper layer, of the fuel bed undergo 
compoBitioii by deitnietive dUtillatiim. Uberotlng 16 
U, 41) per cent of the coal a. voUtUe game and vapor., 
whUe comhiictHm of the nwidual matotW golnc o^n 
llic lower |.irlion* of the Iwil. Gatilloatiim of the «rtion 
Ui enrhiiii monoxide Jim concUtiilre an important part 
of the burning prooww, the find bed aotlng a. a ga»- 
producer. 

Snwikc provontion i. rewntlally a problem ol proper 
ImniUing aud thorough oombuction of the volatile pro- 
duel, of the Mial; I n fact, furnace efflehmey i» to an Im- 

•Uettm lUtmta by n r mtakw o< th. Wr.^ tto 9. B. 
HMUI ol Mto-. Ic^irc me Ucp-tikwit ol ClHmk!il liigtiiwlnf. 
UalTMHgidMMriwgh. 


""uw-tamparaturB or medlnm-tooiporatiirB earhonlaa- 
tkm of ooal haa lately boon introduced In Buropo on aa 
induatrial aeale. Coal la heatod at BOO deg. to 700 ^ 
Cent, olthor under reduced preawra or In a oii^l rt 
puxdiary gai which pawa dlrootiy through tto oori. 

producing high yWdi of tari or oU. Md rioh gaa In amrfl 

quantity. Tbow. prooe-m depend for thoh oommer^ 
m im v on the quality of aad the demand for the oUa 
and the Kdldrmidiio. produced. BccaumeCth^ adyta- 

WHty to the rwovwy of oO^ pomlWy motor fueia. fcya 
ooal. not heretofor. oommonly uaed for hy-ptoyota, 
they offer an intoimting field for IndmlHal expai^t 
in the United Btatoe. In the preeent eanunyilrt titoa- 

Uon brou^t on by the Emopetn w> y 

to?Wg Inoentive to the ineream of ooalceatbimWng 
opentiODiInthtooonntry. BuffWent ooal tar and heiwd 
eaa be prodnoed from exbting by-piodiirt coke oveng 

aad gae rMorta to eupply tho pitaant denmad 

for all other ooal-tar laoduota, erooeoto ofl being exeepted. 

But in view of the Inoreadag me of hei^ for maV 

puipoem and of tho growing demand forooel-tar prodw 

of an khuto, thwo to an opportonMy for a targe expaatooB 

of the eoal-carbonudiig Indiutiy in tho nrar tntiue. 
aaatnoATioi* nr rAnn.n oonaoenon. 

Tho third gweral method by whieh ooal to ntod hf 
duitrially fa exe m p lified in the gaa.pTodtteir, eanp^ 
lively a very efflrdent method of reoovtolng the potential 
of the fud. Carbontoation •ntoi* into tide 
oeM ftbog "bMi* M tbe top of thv Md Uii eot^ ii 

bff tU air Mid HMfiti *»«• *»• 


will be treated thocmnddy In i«a d tha dnnetoWng 

leetnraa of thto earlm. _ 

HavhNt eontidend the indnatrial nme ol ooal fat a 
general way, wa ifay, to advantage, take 
ol the eeientille aapeeta d dtade to 

gATonorewab. 

Itfadiatoreottoinqulrofliit! ^^latlieo^'M^ta 
Ito nature aad eonxtitntionT A aMHneag* d 

thto would aurely he d great Vitae In pwm^ aat^ 

dantanding d ito behavior; In detennintag, for enmpl^ 
the explanation d the eoldng pnwerty; the eaam d 
«g the diSmeoee batto^e oali 
in liability to duxt-exploiloaa in ntinae. UnhrtOMtaly, 
howevor, the ptohlmn haa provn a moet dUfon lt one , 

and ae a roeult d the work d niMiy taymtiptori dai^ 

the fait 30 yeara or mcro, Ultle d a 
been detormtaed. We may my without hmltation 
eoal to a mixture d oomptox otganio nbetaaeee whJoh 
are d^radatlon produeta d oeOnliMe, rmiBB and gnma, 
ftnd vegetable feto and wawa. Free oarboa baa never 

been proven to oxtot in ooal, and hydroeaihoM are pnf 

baUy not preient in aa amount gwatm than 1 jor ^ 
The problm of the odnititttUon d ooal haa ^ 
attaeked dileily by two mathoda: ( 1 ) Bstraotion whh 

•olvonto. and ( 2 ) deettuotiva dtotfllathm a* tow teapm^ 

tuna. Extraation. whltoithaaxeaiiltod.by naedpyil- 

dlne, In dtoadvlng and Moovtag 16 to 18 p« oent d 
the ooal Babatance, haa not aeparatad any tin^ deflnlto 
tdentiflabto compound In more than mere traeea. 

DMtnwtive dlxtniatton alao haa led to no e»rt ro- 
nilta, hnl it haa given, on tho other hand, oertata wait 
defined tadtoationa d tha nature d the ahbetoncoe pr^ 
oent. Th«e indhtationi an mainly that eed to made 
up d a great many oomplex anbetanyi. ifhtoh tave 
iMulted from degradation or deoay d plant eelliitoee. 
lignoie, tcefaia and waxea. Throe mhelaaeee in eoal an 
deealy graded Into ono anothw In ebemleal natan and 
oompoaltton, except that the oeltatoae and Hgnoea group 

to piohaWy more or lew iharply dtotingutohed from tto 

' latoou. group. Within each group are xohetaiiero in 
many different itagw d alteration by aging. Chomlr 
eally tho eellutoee hodiro an dtottagutobed' by their 
J Ughw oontont d oxygen, by their tendency to eomb^ 

’ with or abwtb oxygen, and by their th^dymp^ 

tton into CO, and CO, water d oonxtitutton, and penflto 

^ ^de^pM by hroTlntobydroeachonB and hydrogen 
' with xmaU quantiUro d CO, and water. The ntinoux 
' bodlef ere oontalned nuMt abundantly in the eoktag and 
‘ mature eoalx d the Appalaohlan region. 

' TUB VOIATOB IIATTIB OF OOAt. 

* The term "volatae matter dooel” to more or hex da 

* mtonomer, but rorvea aa wall aa any othar. Then to 

* prohaUy Uttie or no material m ooal whieh to volatile 
^ without deeompotMon. What we edl 

^ to the mixture d vaporx and gaaea reaulting nom de- 
° efwnweltto” d tha eoal fiibetanee by heat Ita eom- 

\ poiition depend! on the Undd eoal aad alao very mnah 
, rathe tMDpentun to whtob the eoal to heatod and to 
whieh the primary prodneto are mbieetod. By*‘priinary 
, produeta” an meant tbowi whieh form flrxt aa the eoal 
;* tiowiyrtoealntempereture. -niroe me, in ytor d t^ 
“ foimatton; water, hydrogen fiitpliide,_aaitoa dioxide. 

^ vartoiiimtaratodandnnretnretodpareanhydrooarboae 

“ and hydrogen. Bdany, to foot mod, d the emmnonly 
*! known eonftitiMnta d eoel pe. ooal tar and gm Uquor, 
” mehaebentinh, naphthalene, pitdi and aonnonto, are tha 
** prodneto d leeoiidiiy deoumpiwitta d thtM primaiy 


’"n^^tito prednetB d ^ an not aU eontaieta^ 
From eoau Utamtaona eoali, eompletoly dil^ ire oh- 
teto by dteonpetitton ae miMh ii W per ofat d Bonp 


ooala evm aalmaah aa 16 or 16 penont 8o titon aan 
1w no qnertton Oat the tom ‘Sdattla oomtaxMbto 

mattro--aa freqoantly uitd fa dooMrfly amtanomto, atooa 
fim onomhtii to oDPhetf d tho tfdattto matttod ^ 
to BMMomiwtiUa. It to fanpoctoM to heir’ tfato to 
mind when oonpoiidg ohda, tinw thWa opab hatriag 
itoh, maoky volatfto matm ain man to tarn 

dialently than ethan havb« a valatlla (intttr paoAdr 


of llAflri BftUSe 

An oqnato totatopa*. d tta tatgir.d, tfifatait 







WPtHB M valor aatf 00| b the ntatflUed prodneU. 
Be idM «eel pw d aoeo Umm tUa(i bjr deooiniMMltlaii, 
Ud the non alMiitdeatlr the loei metund end me- 
tatMtiphoMl la the cdol. We imiat oapeot to and an 
awaoan U^oor dlatilled fanm eoal duitnc iU doeompoil- 
tl^ and in (eel at fao vorka and ooke ovena aueh ia 
the aaaa, a ikiuh creator -Kdnnie of aqueooi anmonle 
Uqnehbalai obulnad, oapMlally In the hydiaoUe malna 
(the drat eowdonalnc point), than oomaponda to the 
vohime of the vaah water adM. 

Theao taoU enable ua to draw Inforoneea, at leaat, 
aa to the ehemloal ohanwitcc of aome of the aabaUnoea 
In eoaL The ponacer eoala, like the llfnltoa and the 
anbi^ittuiiiiBoiia eoala, uuat eontaln large proportloiia 
of bodiaawlth'-OBor'-CHOcimiiritica, like the eellu- 
loaea, afaiae they preduee water Hid COi ao readily; In 
the non matpie eoala, like the ooking and high grade 
itoamliic eoala, there an not aa many of theae ozygen- 
baaring gtoiqa, hot, probaUy, more of oertain hlfdily 
eomplex loogHdwin or manyriiiged bodiea having hdo- 
gionpt of readily aeparable hydrogen atoma or of alkyla 
eormponding to tha parafBn and poiaibly the aromatio 
hydioeaihona. Theae hydioaarfaon gnmpa ate aet free 
by heat, and then oadly undergo further deeompoaltion 
■ Into the alinple,aoniinonly known prodneta like methane 

The theory of Wheeler (of the bltlah Coai-Duat Ex¬ 
periment Station) and othen, that coal oonlaina oon- 
ddetable quantitlea of oertain mbataneea whloh deoom- 
poae only above TOO deg. Cent, and yield prlnoipelly 
thuB hydrogen and the oaidea of oarbon, ia hardly juatiAed 
by tile experimental data at hand. Mora reaaonably 
ia It to be auppoaed that the large amotint of hydrogen 
produced above 700 deg Cent, eomea from aeaondary 
breaking down of the hydroeaibons flrat Ubented, and 
of the partially oaibonised aohd material left behind, 
theae thbiga not having been preeent, either of them, aa 
Mioh in the origiaal aoal. It la likely that ad the organio 
aubatanee in ooal deeompoaea aariy by heat, below 
WO deg. Cent. 

The nature of the aubataneea liberated or volatlaed 
from ooal by moderate heat tiuowe tome li^t on the 
ooking propertiet of the ooal. If by prokmted heating 
at 400 deg. Coit. the ooal ahowa little or no tendeney to 
aoftah or nater together, and Ubenatea water and gna 
but only a amaU quantity of heavy, vlaoid tar or plteh, 
it haa not rNid aoUng propertlea. Inbomtory teita to 
thow eoldng qunlity of ooala have nerra: been aatiafaetory. 
Several are uaad whloh give more or leaa Indieatkm but 
are not dWnite. Among Umh mny be mentioned (1) 
haating to a rod heat a amaU aample Intdoead in a oovered, 
well-BIlad pUtinum box, ipM examining tha ooke bar 
produoed; (3) nibbing or grinding the ooal In a mortar 
and noting ^ tendeney to oake or ndhere to the peatlo 
and mmtar; (8) analynlng fur C, U and O and com- 
paring ratioa of 0 to H. 

Tn raeent laboratory exparimenta in Oennany eeUoloaa 
haa bean eonverted into coal by aubjeotlnc U to very 
great ineaBure with moderate haatliig. 

InvaatigatiffiM are in mogrma at aeveral plaeea to de- 
termina methodi of inemaing yMda of aome of the by- 
produeta of eqal eaibonliatlon, a. g., the eomnundally 
derirable benaol and liidit oUa, tfarougfa eaiboniiation 
under oarefiiUy oontndled oondltloiiB, of tha tua thda 
produeed. 

■an or avoLvnoir or vobanu tfairaa. 

In the utUliatlon of ooal, partkntlarly in burning on 
fumaoe grataa, the rate at wUeh the vtdatlle matter ia 
■et free ia fraquantly of graatar Importanee than the total 
quantity prodnoed, Coala vary graatiy in tUa reapeet. 
The following reaulta obtained in the laborataty on tluea 
different eoala almilarly treated (PA gnmnie powdered, 
■Irdiy onl hentod at 1,000 deg. Cent.) bring out thia 
variation: 


Ne*ll»Nr,W.va.,eoaL.. a.i 4.a ao.o ir.s 

Piwaiiamk, ra., oDit. e.o 7.0 M.o SB. I 

Wniiu, Wfo.. aoii. m.o if.4 40.0 31.a 

It may be aaan from t)Mae data that whfle the Htta- 
biugh eoal ptodueea ffn^ mwa eombuatible volahla 
matter than the Wyumh«, tha latt* on tha other hand 
UbiKtaa oonridenUy tha mon in the flist few aaeonda 
of baatiiig. 

Tha rate at Vhieh a givmi eoal Hbernm vohrtile matter 
dapoiHb (1) on Ita akMnieal eharaetm, 1. e., ita aam of 
.daeaq^Mtion; (0) on the intn at vUehhent ia nqqdied 
|v The ratlalNtvaen the qwntity of aoal heated and 
qantity of heat inpidM in nnlt trine detenalnea 
fit* it vUeh aoy g||m tnl beeoma boated. It 
Ghanfqn, aoi « qplMlq of tmpenriire aa maoh M 
iimaMty off baataBdqoaiithyotooaL When aaeh 
tMctkto of oaal hM «ttaiiMd a tmpmntuN of 000 d«g. 
j UkriWiMWcri Into auha ami volatile maMar 


alirt'dM to 4 


naotlan with the volatiia matter—tha aloment wliich 
la ao vllal in all prooeaaea of eoal utllUatlon: 

1—The oompoaitloA aa well aa the quantity of volalilu 
matter variea greatly among ooala. 

3—The llfat iModuota viilalUiaod in the early alAgivt 
of a eoal'a rbo in temperature are eaaenlially diUenint 
Uom the total produot aa uaually obtaiiiHi. Thme ilmt 
primary produota are largely tarry liqulda, with aoinn 
water vapor and heavy oumphix gaam. Heating nun- 
ditiona determine the degree of aeoondary thermal du- 
eiimpaaition of than pnidunta and the oompoeilloii ut 
the final gaa and tar. 

3—The rate of evolution of the volatile matter from 
eoal k of pnetieal Importanee and variea oonaliiorably 
with the kind of aoal. Fur a given eoal it ia dependunt 
upon the relation between tiie quantity of ooal heatod 
and the quantity of heat euppUed-r-not the temporature. 

OXIDATION, lONITIOM, BrONTAHnOUe COHBDaTtON OF COAL. 

Next to thamal deoompoaition or the evolution of 
volatiia matter perhapa the moat foodemental proooaa 
involved in tha piaotiaal utdlution of ooal ia that of 
ozklatkui or burning of the eubatanoe aa a whole. 

ikow oxidation at ordinary temporaturea giviw riao 
to apontaneoua oumbuation and detoriormtlon in aloragn; 
rapid oxidation haa muoh to do with tbo InitiatioD and 
propagation trf ooal-duat exploalona in miiwa, arid with 
the relative eaae of ignition of fuela in genenl. Tlui 
prooeaa of igniting a eomboatible aubatanee ia not aa 
almple aa it may anem on flrat thought, and jual why 
aome fuek ignite more eaaily than othem requirui cnroful 
analyala. 

At temperatorM above that of the find apprnoiable 
deeampoaitiaa of the aubatanoe (aay 2503(X) dt«. Cent, 
in eaae of ooal), the proooM of oombuaUon ia eomplleated 
by the diatUlation ef oorabuftlble gaani and vapon anil 
the altemtion of the aoUd material. Thu gaaea and vapora 
of deeompoaltion are not, however, all oombuatilile, and 
In faot, thoae produond from the moat readily ignilufl 
materlala, aueh aa wood, an largely non-aumliuHlililu. 
A apUnter of wood held in a flame ignilea quiekly, it 
ia true, beoauae tha gaaoa of deeompoaitlDn are lieatud 
to their ignition temperatorea quiokly. But we ean bImi 
ignite the wood eaaily in a ^aaa tube at 250 deg. Cent, 
by rearing a euirent of oxygen over it. Hero thu igni¬ 
tion oannot be a matter of dktiUed gaaea ainoe the tum- 
poaturo uaad ia much bdow the Ignition pointa of thoae 
gnaoa. 

Relative eaae of ignition k unquoetionably depeniinnt 
to aome extent on eaao of oxidaUou, i. e., the rmpidlly of 
Uie ranotion of the aubatanoe with oxygon. Recent 
labonttoiy atudka have ahown a wide variation unong 
different ooala and otiier eombuatible auhatanoeB in their 
irntea of oxidation, and the vuiation in thk property 
foUowa the known vnrintion in enae of ignition, in aua- 
oeptlbiUty to apontaneoua oombuatlon. and in rate of 
detarioniioa in atorage. 

Tba aotkm of ogygon on ooal at ordiiiary tempera- 
tuiea haa been ahown by reoent inveatlgatlon to aunaiat 
not in a burning of the oaibon to COi nor probably of 
a burning of the hydrogen to water, but largely of an 
addition of oxygen to the oont xubaUtnoe. Thia notion 
develope heat. Enifliah inveatigatora have ahown that 
the oalniSe effent of thk oxidixing aotkm at 40 deg. 
Cant, amoonia to between 3 and 9 onloriee par oubio 
eentiiaetar of oxygen oonmused—only a litUo lev than 
that produced per miUo oentimeter of oxygon when 
ooal k oomtdetely burned (9.0 to 3.5 oaloriee). The rata 
of oxidation inowaaoa rapidly with riae of tempomture. A 
ooal which at 30 deg. Cent oosmmea lOeubio nentimeieta 
of oxygen per 100 gnunmea in an hour, mulUpliea thia rate 
■> la^dly from the effect of tte own production of heal Uiat 
the temporature would nae to ISO deg. Cent, in a little over 
twodayaif aoheatwereloet. Thk would reauli apoudily 
in Ignition If an ad e qua t e oxygen npidy wire at band. 

^Mmtaneoua eombuition in atored coal rtwulta from 
thk riow oxidaliion by the air at ordinary tvmpera- 
turaa. It k not, in any important degree, a matter of 
baoterlal aetkw, or feraentation. \fhen oonditioiiB 
aa to the die of ooal and manner of piling are aueh that 
tha rate of heat produced hy oxidation ia greater than the 
rate of heat lorn by oonveotkm emronta and radiation, 
the tampe^atun tiaea. One of tba moat important 
praetloal oonalderatlona ia vriiather an adequate air 
anpply ean penetrate to an inner aection of the pile where 
tha haat Iota k dow. Fine daek eoal doea not heat 
aariouriy In &a intatior af« pile, if no lump k prearnt. 
If, huwwrar, tha InkrlOr eff n pile oonakt lajunly of Hne 
eoal and the outer and lower amUona eondiit of lump 
witii nry little ftne, one of the wont poadble oondliiona 
k mainridned, and apontaneoua fine commonly roault 

Dcfaetoatlon of eoal in itoragn b due to dow oxida¬ 
tion, not to lorn of volatiia matter The detoriontion 
In him ting valua b not aa great aa haa been mmmoiily 
nmxMad. With U^i-tnde Utuminona and aomi- 
UririalMiaa eaab, careful determination haa nneutly 
dwwn that thk lem anumnU to leoa than 1 per oent 
in 1 yiai^ai^ioann to the weather, and Icaa than 3 per 
aaMlsByam, ov nklAfweaknt and weatarn 


ouak or lignitoa the lorn k greater but probably doea out 
(inioiid 4 or 6 per oont In 1 year in any caoe. Poloriora- 
lion in ako or phyncal ebanuiter may be aumewbat more 
■orioua, and epontaneoua healing even though modorato 
in dogroo naueea very aerioua loua. Deterioration of any 
kiiiil uuiy 1)0 quite laiguly prevvnlud by BulmuirgHnao 
atorage under water. 

Muoh more might be aald of the new knowledge of 
ooal, if time permitted; of the different waya tn which 
water ie lield in the eoal mibHlaucc, of owludod gaaeu, 
of lliH fujuliility nr auftoning of Ibo mineral conatituenta 
at high leiniieratunM, of thu forma in wliieli nitrogen 
and aulphur am couiliinwl in ihii ooal and how they bo- 
liave on liealiiig, cti'. 

Fnitii wlial luiB been tokl, luiwovvr, it ia hupod llial 
aome unduretonding may havo been given of tlui mi- 
portanoe of aoieDliitu kuuwledgit of lual and iU behavior 
and of the prnclirat bearing ut Ihia knowledge on every¬ 
day induatrial pnililemB. 

; Bread from Stonea 

A viiumLAX oiilltled "lircad From Stones," written by 
l)t. (}. IIopkloH of the llliuoU Ezpcrlmpiit Htullon, 
hue iNVumi- iia ugrlcullurul clanalc. It Is now lu Its 
thini Million BUd nearly tlKMIfV mplus huve been dis¬ 
tributed liilo lilt parts uf tho Ilultcd Hlulcs. Tin* elr- 
culnr tells llic story of I>r. Hopkins’s siiccoss In bring¬ 
ing back isMuomlcally s wornout farm In huiiIIiitii Illi¬ 
nois 111 proOtakle prodocUon. 

TIui farm under cviislderatlon conslNlisI of ulsmt aOO 
iiiTHS of poor gray prulrle land and was pureluiMsl In 
A'uveiiilsT, luai, fur less Ibuu |2U on acre. It was 
known In the eoniinuiilty us tlin "I'lsirlaud Farm," and 
lir. Hopkins ndoirtml that nanw for bis faniu The work 
of reslorntlou was begun ul tliNt on only 41) aenw uf 
tlie fiiriu. This iiartleulur 4U was IwuKbt at llfi on 
ocn-, It bad Is-eii agrienltunilly ulsiiidoned for Hre 
years prior to lids purcliaso. It was covered witli h 
growth of rial sorrel, poverty grass, and wcuU. The 
isnd was sour, deeil, uiid depleted uf plunl fissL Imr- 
tiig the ten years followlug the purchase of Hie farm, 
the 40 uerea reeelvisl the following treatment: 

JtKXl—Fall; I*urehasisl. $15 pur acre, 
llejfl—Fall; Appllisl one Ion [sjr uen‘ lliio groiiiiil 
nmk pboaphete. 

11103—Full: Plowed all above nnikT for corn fur 
•lext year. 

tlBH- -Spring and summer; (,'orn crof). 

tool- Full; Appllisl limestone, two tons iwr acre. 

1005-Spring; Soy Ismiui. 

1005—Fell: Wheat 

lUOfl—Spring: Clover sowed In wheat. 

IW—.Spring: Timothy ami oMire eiover. 
lUOS and lOU)—Meadow and pasture. 

1900- -Fall: Aivlled ruek pboepbatc. 
toot)—Fall; Plowed down for corn. 
lOJO—Spring and summer; Coru crop. 

1911—.Sprtug- Oats; volunteer elotor appeared. 
ini'J—S|irliu( and summer: Clover barveated. 

11)13—Fall; Plowed for wheat 

]0]‘.’---Fall: Applied limestone, two tons per acre. 

lOI.t—Summer: Wheat barveated. 

Note—Applied six loaiia per sere of barnyard manure 
once during thu ten years. 

Only 38 acroa were in wheat, a IniH* bavlng been 
fenced off on one side uf the Held, llie yields were aa 
follows: 

Cue and one half nercs with funn nmimre laily—llVi 
biisbola per acre. 

One ond one half aenw with farm manure »ih1 one 
api)Ilcatluii of ground llincstoDe—IS bushels per acre. 

Thtrty-alx acres, with farm manure, two npiilientloiiH 
of ground Itroestoiie, end Iwxi of floe ground phonpliale 
111 the nitalliin as deserlbisl—.'151^ bushels (lor acre. 

Here we have u yield of wheat about diailile Ihe aver¬ 
age land of Ihe Slate. The practlesl fhrmer will nnl- 
nrelly ask, "Whut lUd all this c<mir' The overage 
annual eost tor the pun'luae, delivery, and npplb'utlon 
of the llmestiine and phnsplinle was $1 7.5 per acre. In 
Ihe ten yearn, then, the total cost was $17.50 per urre. 
Add to thk lh« original coat, $1.5 |wr aen; making 
$33.90, and still you have pretty cheap lanti to iirodnee 
double the average of Ibo Stale. Hr. Hopkins puts it 
this wsy: "The average annual tuvestmeiit of $1 75 
resulted In Ihe Inrmise of 24 hiisliels of wheat (35^ - 
11W) per uero lu 101.7. Thus we may say Huit Ihe 
previous aiipllcntloii of Iheso two iialiinil ris-ko, or 
Hloioe. brought alsiiit tho pmlnotlon In l|ii;t of S(I4 
Imsliels of wheal, an nmonnt sufllcleiit to fnnilsh n 
year's supply of linsiil for more than a hundred |M>o|ile." 

Thia story of tho “Poorland Farm" Is a remarkable 
Instance of the couaervatlon of one of our greatest re- 
sotiKea, the soil. Conservation means a saving of the 
rPHOiireo by a wise nse of It. At the end of ten ymra 
of use tho soil on the “Pisirlnnd Fbrm” Is iirraliu-lng 
more wheel tiun the avenign prodiietlon of tlie State, 
and at Ihe aame time Ita fertility is Increasliig year by 
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SALE OF BACK NUMBERS OF THE 

Scientific American Supplement 

TO BE DISCONTINUED 
Of Importance to Librarians 


The ScirntiRc American Supplement ii o 
utii(|iie petiodlciil. 

EstahlUheil in 1876 to describe the exhibits 
of the I'hiladelphia Intcniatioiial Exposition, it 
proved no succeKsfiil that the publishers decid¬ 
ed to rontinuc it on broader lines. 

Whenever a Tyndall, a Huxley, a Helm- 
holt/., a IhiNieur, a Liehis, a Crookes or any 
other prinee of science rose in the learned 
gorielies of Europe and announced some new 
epoch-making discovery of his, his own words 
appeared in the SeientiKc American Supple¬ 
ment. I'he technical papers read by engineers 
before societies in America—papers too recon¬ 
dite and too long fur more (Kipular periodicals 
—have heen given a place in the Scientific 
American SuppIcmenL Americans who could 
not read foreign languages found in the pages 
of the Scientific American Supplement the 
utterances of great European physicists and 
chemists translated into English. 


So, in the course of time, the Scientific 
American Supplement has become a kind of 
encyclopedia of scicntilic information. It fig¬ 
ures over and over again in the footnotes ^ 
monographs and scientific treatises; it h# 
pbiyed its part in research of all kinda 

As remarkable as the puUication itself is the 
method by which it has been made accessible 
to the general public. Etot number of 
the Sdend^^lmerican Supplement 
from 1876 to 191S le kept In print. 
What la more, the numbera trf 1876 ara 
aold for 16 cents Just as if they were 
published today. And thia deapite the fact 
that publiahera of iiewipapen and periodicala 
often charge acveral hundred per cent more 
for back numbers than for new ones. 

The Scientific American Supplement will 
continue to print the papen of great tcicntiits 
and engineen as it has in the past But the 
policy of reprlntliig bade numbare will 
be discontinued. 


For a few weeks only we shall be able to 
furnish all the single number! of the Scientific 
American Supplement or bound , volumet. 

This announcement Is mads for the 
benefit of Ubrarlee In which complete 
sets of ths Sdentifle American Supple¬ 
ment are not to be found, and for 
tboee intweeted In adence who feel a 
genuine need for an encydtqMdIa of 
■deiice of the moot dlversifled kind. 

We will also supply, free ot chuH, on re¬ 
quest, copies of the ^ntific American Sup¬ 
plement Caakigtte, in Which ail the paper* 
that have been prii^ in the Supplcmem since 
1876 are indexed, 'nis catalogue wiH not be ' 
publiahed in the futunf. t . 

Order back ntamitrt or bemd vtL 
umes of the Scientific America Supple¬ 
ment new either from boeksell^tr 
directly from the publishers. 


Order Bound Volumes of the Scientific American Supplement Now 
MUNN & CO., Inc., Publishers : : : : ; 233 Broadway, New York 
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The Life-Study of Patients* 

Tlie Hi(»jrraphic and Multiple Biographic Method of Discovering Medical Truth 

By George M. Gould, M D. 


Misi biu; rhiuistUm wltb tlw hIdbIl 111 

iiiNH r wlilib Uu. puULiit piLMOtluB blnuu-lf cum 
IiIhIiis uiil miaifnl iruillie luiiiibitii almiiHt iilwHyn u( 

>111 li IK iliiKil t( tliL tunpuiury aiul iluble (umplalut 
I Ik m 11 Mil I I r thi alTectloii ut a later tliDL la tnati 1 
lu Ui NUUK » ijr Ihere may be mouii vukue lounecUuD 
Ktnl ly III ibyKiflHii h(twt.i.n tiu tao ur nitre 111 
iKHN H I il III liuHl In (ItlPH ihi rapid ollmlnatlon at 
Hit idU fuNbl iiial family phyaliluii who attrudcd one 
lailleiil hihI fiiiiilly for a llfetlmt Is taat making even 
that |N I iiilMk ImpuBHUile 

(til uiiiiil uffuUuus and tliuNe of urkaiut tieateil 
by aptsUllsts wlii m louvir nut uuUnd ami a dukLO 
symiiLuiiis f mil ir dlH4U>«si were nut thonidit of or 
will INitsI iiN Ms ilU. and wllliuut lauiuil or relateil 
III MIMS If aiiv I hi si lau roue tu a phlltiwnbli aatber 
luk Ilf Ibi fa Is if bla Individual patients hi viral 111 
iiiNMH III bar III snirecded In I mkliiK ovi i the iiitire 
llfi and nuIiJiiMiii, (he aymptuma iiud dlaeutea at Ibi 
nhiili pi IS niillli t a rlRurous analysbi and counlbui 
tion 

1 natly n la h ih ever ttaonght uf brlnitbiK a larai 
iiudiIhi of lliibiil life hlstorlee Into comparlMHi and 
prudiiiiiik a lomi nlta photofrapb i f the iimplite imtb 
oloRli UiidliiKa Vnd juat thia fflilhtal one would think 
would bail lain early aelaed upon as that ctrUlii to 
brink It I bn medical tnithe otherwise remaliiliiK hid 
lb II fi HU I hi 1 1 lerver Tbo method ea applied to fiiur 
leen lailbiitN writh tine dlaeaae baa yielded uuixpeited 
dlwuitilta and dimonatratcd a unity at raum. and of 
tllvenir Hyinptoma that waa wholly nufuretteen 

I he iittUude of tho woild tveu of the medical 
pnifiHHltn In the premnee of ilbieam has bitii one of 
fat ilbim Imleid the beltif In fate oni may Hurmlae 
liUH hill laryely due to Uii atranite and mjaUrioua lu 
Idi 11 I Ilf dlHeaae Why one ahould bo akk and an 
nthi r fri e from alckniaa baa atruck men s mlmla ever 
Him I I he riddli of life worried Uu soul of the bull 
pi all nd rob Ho lone aa the phyalilaii was < inoimed 
with Its patients single and paaMlng (tr killing) all 
mint lu gained no larke overlook to bring unity Into 
the pathologic problem of a wbult life or f a iiuin 
her of lliei And viewing dlsenae aa an objcitlvo en 
tlly Hluilylng It from the Htawipoliit of morbidity lu 
fntliaiN nr oiganli doen not yield the anme reaulta as 
In i II n lug It from the napcct of the patient the whole 
lift if the patient and the wbuli IIvib of mam 
■■ntUiita laki thi fourteen mentioned It one iihjNi 
ilaii I nid baie treated all of tbim during thilr entile 
llviN he iionld undoubtedly havi Hern that thciu was 
stmt shikli iiuderlyhig uulty and laime for all tbilr 
Bllllt thins Hut aa the alngle timplalnt waa treated 
at me Mini by one or evtii Heiiral ibyHiilaiis and oh 
a bui lull ti II (umiulted ihiiliig thilr livca all the 
tawH It mil III I (Ilmreb myaterlous and utterly Inex 
idalunlli II leuvtr locklnk Into tlie rnlnda of their 
ihisiiiHiiN w find that nut one liail any lonuptiou 
wbatiiir i the cauM and nature of their paUcDta 
mabidUs and not one agniil wltb the other aa to 
tientmeiiL A ptiullarlv Imitruftlve fait Is also tbla 
Many aymptoma complained of by theai patlenti were 
held by both patient and dintor to be merely accidental 
and cuiieurieiit whlih wen repeated In other taneH 
and whit b were In fait bonnd by a aliigle i auae into a 
Htrhtly pathologle unity Ry the nutliod of focnalng 
thi cltnlcal life and a nnmbir of illnicnl biographies 
Into a lompootte whole now trutba at once break upon 
the ilHterver whhh were necessarily hidden from the 
physhlan of the olnglo dnv or yiar uf the alngle din 
ea>H (f the alngle patlint and nf the alngle life 
All 1 the metboil la h> no means of value only aa 1 1 
inlgrali e or eyestrain It will prove I auapect to luiie 
etiuallv kood nsulta In other dlaeoaea a be atady of 
lliilial blographlea will jirove aa Illuminating In thi 
itlol g\ cure and prevcntlan of many dlaeona even 
III th a In which we think all myaterlts are explained 
1 V bat tiifology histology or other objective methoda 
liiHi HH ilM good physician treata his patient and not the 
illMaHi so gi neni pathology nesda to study the patient 
liiatea I f or at least In addition to bla dlaeaae The 
alt k in in rather than the man a aicknean his Hfk rattier 
Ml in hla single Ulneoa many lives Instead of one—ttlit 
la a imMial of elkltlng medical truth which needs ex 
ploltb k ap 1 which will In the fntnre bring nnexpected 
light lnt( tiir inthologlo darkneee 
III ndilltlon I am nra that the reenlte of eyeetrain 
whi b 1 bavi dlsroiircd lu tllukal blographlea an by 
no meaua all In private practice I have gained 
•Antrlom JMIdae 


kl lm p H oe too Indefliiite aa yH to put on cacoed, of 
fuiLlu .1 ami puBilbly of as great I n fluo u cca of ocular 
malfumtlua lu causing other morbid ft m o t lona , or In 
liiUucuclug them No truth Is more certain In general 
hlulugy than that lung and oft repeated function be> 
gcU structure lucvltahly, thenfocu, tnuctlonal lno^ 
bliUty mubt produce oiganlc or atructaral morbidity 
lu lllustratluu of that thatls lies much of the progress 
of future uiadlilne. ihe study and gyetematlaatlon of 
lung and repetitive malfnncthin can he mado only by 

AlLUUll uf tbu niylhrMl biuC^TAM^llC rtUU/ 

iMflfl ly Um 111 UW haiulat (if Ibg ph ynlMaiij wbuB 

liL Will rljie to tUM oiipoituiUtjr 
Uur dnt aurprlae lu these foorteen biographic studlw 
la that there have been eo many anlfeien Without 
any extended aeatcll. and merely Incidentally, 1 havci 
lu all foond nearly a scon of Utenry, sclentUc, or 
mublcal gciUosei who wen hardly suspected of bavliid 
been so gikvlously adUcted. In their blcgiaphlee wen 
alsu allualoue to meiiy of their friends or distent con 
umptirsrlee patiently eudurlug the inaolta of the same 
llscose And when one looks Into the history of the 
llaeosa as cbronldcd In medical Utentun It Is plain 
that from tbo earliest baiborism to the latest UvUlaa 
Llun a large portion of humanity has had the **" 1 * 
disease In medical practice the phyolclan finds all 
uicr the world the malady tromcndonaly prevalent and 
lapldly growing mure frennent and more tarrihls In 
Its life-wrecking oonsequenoes Ones amaiement le 
beyond oxpreaslun when, lastly, it Is fopnd that this 
disease of uutufal mlHItms at the pest end of otben uow 
living le e Lon ftmc id mystery to seleuus Its very 
uemi la an absurdity—the non naming of a trirlal symp¬ 
tom gonerally not preeent of a disease, the very organs 
affeetod being unknown the symptoma Indeacrlhebls 
the cause unknown the natnre unknown and all treat 
meut abaolutely riMUltliMS This blaorre coodltloa of 
silcutUle Impotence le rendered still mote fSrdeal by 
the luct that, except In one cese nut a patient of the 
fuurtiiu nor a physician of their handieds recognlaed 
the disease btfore them They were utterly mystified 
and did not oveu call it by any name Bvon Nletasche 
argued with his physlcUuu that bis terrible disease woe 
uiit oueHtlded or heml crsn le 
Ibe fact of the extreme dlreiuity of the symptoou of 
the fourteen patients, id Ibidf preronted their phyal 
iluus from TTOOknlsIng the single cause to which they 
were due The nearest they came to It was a half 
glimpsed lague, and paasing adumbration of the truth 
It was In part a sort of flattery of the paUmit nsnally 
by lUnmelt orlgloally that begot the theory that brain 
working caused snffering Tha hundreds of columns of 
twaddle abont brain fag* In the London and American 
iiiwapapera lu Oetabor November and Decunber, of 
Itns show the existence of the some supMiiUtloo A 
tliouitaiid brain workers have brainfag,' hot another 
llrauHaud do not It la plain that the explanation Is 
badly lu need of explannttoa InteUeetnsl work does 
nut produce disease or solferlag sny more than muscle 
work Nvoluthia has made no such etopid blundering 
os that 

Hot muade work with organically fllseaiefl mnaclM or 
hlood making organs does prodnea tiuablot and Juet so 
brain work with morbid nervoos orgsos may, and mnst 
beget morbid resolts The phyolcUBs of onr fuurteen 
patients nevsr once ssked If any of the organs put to 
such frightful labor by the InteUeot were ahaermal 
The study of the biographic dlalci at Umbo pottonts 
at onga shows that the grsatest most doUcats, most 
roaplox, most InteUeotual aeosa organ Is, In literary 
activity put to the greateot Ubor Physiology long 
•dnea demonstrated that In a large number of lh«o eyesi 
thrir anatamy la hnpeifsct timlr fnnoUon porhogisioWa 
Tho old troth wtU oever be snfllcleDtly wall leaned 
that morbid j^yiloiagy is the eourcs of pathology, that 
malfunction prscadcs and begets organic disoasa TUe 
la forgotten In Ihe avU study of the ead prodnets of 
dlsesse nnd of the disease Itself Ineteod of the dMeniid 

The greet error that laMtoetaal or lUacary worfc per 
M produced the d lo sa sra of our thurtaon pittnta ia> 
suited In tho rulo of lUi, looraad fnm atperloncik or 
half taught by the dmwnta physleUn, to get into 
tho open air Thus tlMse potl^ found tt wise to 
“Inhe n trip to Swltasriaiid,’' to go to Itnly," to wnik 
the moon, ’ to take n vacatloii,'' to ran down to tho 
Rlrtara,” t» ell^ BoanltiK* to gp on n tmgt to 
the Booiihaca,’* etc. Oftsn Ihe greotar port at pottanW 
Uvoi woe sp«t In this way The snoew of thh orapMe 


therapnitlci waa nndoabtod, but only so long ts tho 
outof-duor life was oontlnnod With tho rstnn to 
sedentary lUh tbs old troubUn nt onoa rssoinod thrir 
sway We ikiw know that eye work, not 
labor was the cause of the disease But a 
aitloies and books on tilgralna written daring 100 
yean came unly eo near the troth as the suggasttan 
that migraluc affects chlsfly the educated and Intal- 
lectnal rlossra And even thU riatement h not traoi 
because it affects all eye workers In ognnl degne, 
whether they are reodere, thlnkeis, Uttoratenro, etc, or 
■Imply sewing women, typewritora, and hamUctaft lab- 
oiera. nie fait suggeria that with the older phyridans 
their well hwlo patlenta were their chief concern, and 
the poor were relatively ignored But ttm poor have 
the orlatocntlc disease Just os fnqnaiitly—It they use 
their eyes within reodl^ and writing distance ■■ in 
cossantly os the students The pteeenoe of osUgma 
tlsm has nothing to do with tha suclsl or Intrileotual 
status although It bad moch to do with the ph yictssH 
reports cf esses etc The walking onra ■■ it may be 
called was learned by bitter experloioe and usnolly 
by the imtleot himself without tho Msontlng advice 
of the punlod doctor, who did not know what tlra 
to do 

Hie demand of the tormented system for walking 
and idiyslcal exereise is In astonishing evldsnce In the 
liras of nearly ovoy ona of the foorteen patlmts 
■tndied It nndoubtadly dictated the Ocarie end 
the Rattlconaka* loyages of Darwin end Huxley, it 
drove Potkiaan to a fury of athlotlcUni that was rain 
ous and was the direct came of the spborimn style of 
Nletasche In every one It toiA n pecollar coloring 
but move they must or they would have gone mad os 
Wagner said of hlnmalf 

The dearest medloal advice to the mlgralnoue brain 
worker," the brain bofaggod ’ the nentaathenlo etc, 
woe that the stonach and dlgootlaB were at Iknlt Diet 
bHmme the wUlo the-wlsp, which engsnderad n thou 
sand cookery hooka systama of diet, food rnlee, Ikda, 
inHtltutlaaa, cons and crankerleo. In reference to Mt 
log and drinking All fiktrope seemed largriy ordered 
by the needs of pattsnti wonblpplng or bringing oflOr- 
Ings of Uiae wealth, and lives ttsansdraa, to the alter 
of the greet god dyspepeto All this was boenuse In n 
rertaln or niicertsln proportion of t—— the djgeattco 
was Ian or more dlsordend by 'migraine ' No one 
has ever agreed with anotbor as to what oanstltutss 
the symptoms of the disease migctlno, but some ml 
gralnous sofferen have nausea and vwnlttng or ottmr 
dymcptlc symptoms That the soperstltloa that those 
HPOomUry gastric symptoms are primary and oaiwatira 
still rnlaa the lay and profenliiaal mind. Is damaastrat 
ed In evaty textbook and articto written on the anhject 
The hnndrads of brain fagging brain tog corr^i^ 
enis of nowspape ra of the Imd few months show bow 
living Is the oU idoUtry 

Migraine' and ‘brain fiig are eeimed by aatlgma 
ttsm but eye strain censM many other morbid lymp- 
tome than those grouped under the non-slgnll^lng and 
m i sl eadin g tonao. In no toxtbook on fllrrasia of the 
stomach or of the dlgerilve organa wlU ona avor find a 
word os to eyoatrala, end yet eyostraln poaolbly oanara 
more of the dtssoses of dlgesttoo than all other veosss 
combined. The study of tho pstionts' riagto dlssnsat or 
of the dlsoooe itselt would novor have revonlad thia 
truth Only the lift Ustorias of the eaflOring pntloata 
make tha ftet appannt 

It la aetaworihy bow fnqMnUy prorarMol and cm 
pliie wtadora fonCrit ttm ISHgios hera omphaaML One 
at Xinooln’s lanilnia was, "Kotp yoni ■^g*"^ goril, 
steer oUar of ths hfllMwai^" Iti BoulwUa Ward 
Blehardsoa said tlwt On wooKlba st— 

otbar ttBigi AouM "wtcfc ns Uttla u poorfUa fey artl- 
fldnlMifet.' Ton Mritlm, Ur Juasa Inwyar, and many 
ethane have advised rirongly, ragnlnr ontof-door 0X01^ 
elaa. Dr Met, Dr QriaC and Dr Iteiyiuu, nra old 
n A ftm oA phyri ri^ ** *** 

anno, hydnvnthle I nrilt n tloBi , s onltarigm a, uu om 
pattodli algntloM to Italy, Bwll|indaiid, and nitoy 
cUmag, wfeato o nfsifriwra Hte ft gneo ningsd, nra 

Moot ongurilva ft tka Act toot ttMoa oriiHfttaaitt^ 
whathet Morions and Uridowafefti or ariwltte ofed 
onrattnk on fetoid ifeRm n NgftM wUoh atofes nM 
n»o«A»oyan Brir Mn M«fe tHnuiri 
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tkt wmwt W f tlMt Umm Ii unuv mjatuUMOr 
o» altiaalcariy IhmpMtle iB tte wate ItHU la woctkr 

o( tte daya of opm boaffleh«iid It la far non wonder¬ 
ful ttiat tba kombiigiaiT baa been acoepted hy the 
world, laj and aaedleal, no long. If one, anr plaoe In 
the world, wlU diaaoire U mins of sodlnin blcariwn- 
at# and as min* of sodlnm anlpbate in a pint of 
watar. It would have all tbe tberapeotlo ralue of the 
Oariabad qprlai- Add aonw dtrate of Uthla, and It 
wordd be far better than any qirlnf water yet dlwor- 
ared. Tbe ouanlng omnmerclallain that aellN water, the 
c w a iBawi as t thing In the world, at tbe price of wliw, 
wU probaHy not be extinct tor cunturlM to conie. 
Tbat la tbe angar of milk placebo which axes the a^ 
lentina, while aorenl other really important things 
an daauDded with mlUtary anthority: 1. A diet which 
leasena the stored raergy of the orgenlHm. 2. BaUw 
and other mesantes which incresNe meteboUem. il. An 
amount of walking and eserolaa tbat ImuwaNes the ootgn 
of tone In normal or physiologic methode. 

Bat note tbe Ignond and reveUtory fact Implied In 
all tUa: All thne methode reduce tbe ekceea or over¬ 
stock of fat and nervous aoargy which la the baalM of 
‘‘gout,” etc,, bat while they do this they ahsoluteiy 
prevent near use of the eyes. Tbe “walking aure,” the 
rart-(d-th»«yat cun, that every poor eyestnln and ml- 
gralnona patient has found by bitter esporIciK'v mu 
naoaanary, is tbe rise gas son at CarlNbad. 

The di nas re of eyestnln all show an excen of iirrv- 
ons energy, and all am dependent upon near use of the 
ayes. All an enred by draining oft the excess of bi- 
nnvaUon through phy^oglc channels (wslklng, sth- 
letlas, ate.), and stepping near ose of the eyes. It la 
most suggastlve sod noteworthy that what cures 
“font" cures tbe hundred segoela of eyestnln—aiul rice 
verse/ 

Ryeatraln has a peculiar and powerful Irritant action 
upon the nervous system. It begets a hundred differ¬ 
ing reanlti according to tbe nature, needs, and iiccmsl- 
tlea of the Indlrldoel, bnt all are suninuirised as su ex- 
ecM ot IhnervatteiL Oeom the demaiid of the organ¬ 
ism for tellrf from the morbid stlmnlas, ami for an 
outlet of the overflow by means of muscular action. 
Thoosanda of qnotatlous <wald be adduced te allow tbU. 
In addition to the two reasons given shove, the eyes 
demand that (partial) rest only to be secured by the 
ces e a t tim of “near work,” such aa Is gained in walkliiK, 
etc.. 

All tbe treatises on migraine hare failed to note tills 
fact or Its idilloaophy, and yet it la a symptom that N 
moat oharaotsrlalng and.algnlflcant It often governs 
tbe Ilfo, and mnkn or mars fortnnes ami dtspositlous. 
Upon It tuna the whole euccHs or faUure of amblttens, 
and It surdy oolom and controls the quality of literary 
works aa none other. This Is at once manifest In the 
study of iieurly all of onr fourteen patlenis, ind dally 
stands plain In tbe confeadona ot paUents In tba phyal- 
olan'k offloe. It engeudered a state of excitement and 
tension In them which bad an Injorions effect on per¬ 
sonal character, ami on the matter, styles and Jodgmeut 
(rf tbair writings. This Is palnfnlly evident in most of 
tbe fonrtaeu, bnt risea to p^tive morbidity In Oarlyle, 
Wagner, and to miaous axtxanins In MatMcbe. 

It Is Impassible, says aeorge Kllot, for strong, benltby 
peuple to understand tbe way In which malaise (her 
ruptaBlnn for atekheadaefae) and suSering sat at tbe 
roots of one's life. It is at fliat sight stmnge that 
eyeatrain may prodnoe In some patlenta aleepincm, dull- 
nem, etc.—pure Inhibitory effects, while In cthm the 
narvoM sytgem may be driven to e fniy of Irritatlaa 
nnm In the cnsas cf Oeone Bilct, WhltUer, and Dar¬ 
win, there was the meet palnfol loaeltnda and exhaus- 
tkm, wbUs In Oulyle, Wagner, NMok^ etc., then was 
a moibid byp ew a th eila and activity. Often both oondl- 
ttena may altentte In one patleaL Altbough George 
Bllat was uauany dejected, deprwied, and tired, she 
make of “tbe dadtement of wrVInf.'’ tnd the ineohan- 
tin Is seen In quay senteneea an “My idla brain naads 
l in Mng .'* In Wagner, eye work nannlly prodnoad fever- 
hhh intenrity nnd InUnblllty, and yte he miyn, “flcme- 
tiaiw I atete at my papar for days tagathar.” Bnt it ti 
taoe, as bs laya, tbat axaltatlaa was tba rate and 
otdbniT eaha obnanHO. Hhadreda cf pcigiumt qnota- 
Oopg wonld vlvUly deoMMtnte this; In the same way 
Oerlyte bad to woric with Us “burvw In a kind ot 
Unn,* Ota n rtf hot dsmat,- “wltt Ua heart’s Mood 
Ui a atete orlteHail tmakm,- -la a gUwtag pneipi- 

of hypangtheala, aid gt hU disk, atend at hli 
imH*, Ufl teMteiiiaOii% (^.JMt wort; ate. Mrltteg 
Oartyla's hafld to ’’mwiteniiiiwitei.- and 
at^nt «naUy aibi»ted htr. » -tetrted nf Iterk- 
bMh’b bead, pndaead •% UiUy MtaUe orguilam," 
iteater triVOm, aa 4M also 
i t M i X : te HllitaNtea It dnra tbs aeSWar to “a 


vlbratloas was frigbtfuL” It drove Darwin to the sand- 
walk and De Quinevy to cplom. In almoet all It pro¬ 
duced niriaiiclMl)', helplessness, and denpalr; made 
pliyslclaus thiuk Pnrkmsu sml Wsgner and NIctiscbe 
wore Insaiie, made severat believe death was at hand, 
begot the resolve of suicide In Wagner, aiul dins-tly 
cauaed the cerebral paralysis of Nietasche. With tbe 
bingrs|ihlc overlook one rMlIaes that this hyis-rcxcltn- 
llon Bud torment of the nervona system causmi by eye¬ 
strain demoustrutes a causal unity of the whole miise- 
guouem of athleticism, walking, dieting, touring, hydro- 
IMtblslng. Irritability, diseased literature, uininiii-holhi, 
lietsduilHOi, and genersl luorbldlty. 

t'rids, luflucfUH, etc., are nut alludad tv In the trea¬ 
tises on migraine, ami It Is only by the stmly of the 
life-records of nilgmlnons pntlonts Unit the tnilli In>- 
comes luaulfest that Inttsminatlons of the umcous nieni- 
branc of tlie niqwr respiratory orguiis nro oltcii caiiNcd 
hy eyestrain. In the ludlvlduul llliu-ss or even Indl- 
vldiul imtlciit, tiu! relatluii Is overhnhcd. Like s disu-n 
other discasen, Ihe ivunmoii cold or grip Is Imilted niwii 
ss a stroke of fate, nisi to be hccc|>ted wltluNil eurliislty 
ns to the cuuse. Hut even a crude M.-lemt> Is Utmlly 
driven to tin- Hiipiiwltluii of a iioii-dlscuvensl cause luys- 
terluusly nt work. Whatever rule tlie ndi-ru-vrgaiilsm 


InflucmuH tlut “they may Is: dim to mh-ro-iirgiiiilsms, 
(vc liM-al uHsllUnuH in the sir itosaages, but IhvMc mala¬ 
dies, as WU now know, both depend to mane extent on 
a siNs'lal predisposition In the sufferer, having Its root 
In the nervous system, and both leave their stump on 
that aystem sod gradually undermine it” Ami utdy 
hlographlc cllnliw show that eyestrain Is one of these 
frequent “siiccJal predlspusiUons of the nervous sys¬ 
tem.” The seemingly llingic IncldeAoe of these Inflam- 
niHtlmiH <if the mucosa In some pntleiits, and the escape 
of otliers, is, at least In |Sirt, uxidsined liy the fact that 
when the ocular n>llex exiwiiils Itself contlnuotisly (Si 
one set of orgiiiiM, esiss-lally tbose of the digestive sys¬ 
tem, other orgsiM an- freed from the attacks Thiw 
t'arlyle, linxiey, Margaret Suiter, mnl Dnrwiii linve 
■Ml cnhls, De Qnlinvy but few, Whittier, IjOww, nnd 
Itrowidng. more. Wngiier saw some ivsiucetlon when 
he wrote, “my catarrh has dcreloissi so that I may 
hope It will rid me of my Usual winter Illness.” Niels- 
sch<> was tnrmcntnl with coltls, honrseness, etc., all his 
life, ami Mrs. f'urlylu and Otwrge Kllot seemed never 
to have Is'cn wUlunit tullaeima, gripiw, sore throat, rii* 
111 private prtcth'v the relation of Influcnsa, I'olds, etc., 
to eyestrain, hus often been noticed, folds nllunintlng 
with the other symptoms, freedom from the one set 
replacing suffering from tbe otbi>r, hns lus-u noticed. 
Aim] colds, alux os a terminal affis-llon, L e.. u)sni the 
more peniiancnt dlsappearauce of other symploros. arc 
especially noteworthy. Oeotgo Kllofs only dlsense isi 
the day of her ilentli whs supposed to be laryiigesl sore 
throat I«wes also died a day or two after taking 
cold. 

After I had several times noticed Ihe st range manl- 
festattou of peculiar and unaccountable H-wonas, rashes, 
etc., 08 the terminal stages of is-ular beeilHchrs nod of 
slckheadaches, I found In the rr|N>rts of some old phynl- 
clami a clear statement tlait "herpctlsms" were s4snp- 
tlmes reported os the senucls of migraine. Molern nii- 
thore treating of mlgmlne know niShliig stKsit tbls. 
Wagner had repeated attacks of a “ciitanemis malady,” 
ami “conttnnons attacks of erysipelas” which torment¬ 
ed him much of bla life. I rememis-r especInUy one 
patient who had most dlstressliig attacks of "hives," 
and various other ernpUonn, pronounceil by the hvMt 
dermatologlste atypical, and which were iniallng to 
them, and Intractable. Tbcne attacks were sometimes 
called acute urticaria, peoriosis, generallxid eraenui. 
pltyrlanls rosacea, etc. In looking hack over her life, 
this very Intelligent patient now mnemben that the 
empUauB w«n always connected with extreme osa of 
the eyes, headache, and especially nickheadache. All 
of thesa aymptoms In her case hare since been repeat¬ 
edly deoanstrated to be due to eyestrain. They recur 
wlto leaving off tbe glnsoeo, ami aro relieved at once 
by proper oomctlan of the eye defect HInee the above 
was written, a most carafnlly observed and excellently 
reported eaie hns been ealled to my attention. It was 
In tbe mctice of Dr. C3iarlea A. Oliver, nnd pnbllobed 
lb The Pk/MripAte Jfedtost Jmnutl The repeated 
drmoratratlons that the urticaria was shsolntely caused 
by eyeatrala Is most convlnrlng. Ohaerrstloin would 
doubtlsH prove the asquri more freqneot than to sup- 
ponod. 

Older antbors writing of migraine atoe mpbaslae tlie 
fact that parenea, partial paralyaea, anaatbesits, dtoor- 
dcra of annaatlQii, ate., am frequently complained of by 
paUeote saffOring from migraine. The moat common ot 
tbcee gyneptema appear to be pareali, nambneac, and 
ringUng (as of “plu and nesdloa-) of tba hoada and 
inM, tsttodlaf to Ute Mofc and throat, with tanipoiuy 


luHs of speech and confuiUon of ideas. NIetssche, Wag¬ 
ner, Mm. Carlyle and otlien, had similar symptoms, 
culled “rheumutluni” hy blograiibcrs, patients, and phy- 
olchiiis, Unc wonders how many Hiich patients luive 
suffered from such "rlHMiiuiitlMniH." Ilicro Is nut u little 
mystery ubout the “guut" of Is-wcs uml iiliont Park¬ 


inses lira n-iMirted In “Hlogruii 
of It hllfcrly, and of niosi Ihu li 
i-hU'f of nil ivimiiluluts. In tin 
Illness of H single isitlciic llic 
symiiliim; In llic life hlsliirles 


which In fregueiitly 
IImI's oUlir. Ilcside all 
ucil or iIcNcrllsNl, thera 
a suffering that ufU-ii 
he lucHlIiable and Uc- 


ent, of H aiMHiNi- is-gliinliig with the trt-phhiing savagiM 
of luirlniiiKin, widely pravulenl In nil hiiiiiHii history, 
ami vSNlly liicraiiHcd both In severity and uumhera at¬ 
tacked by i-viTj uilvuiice In cIvlUxatIuu. It Is to-day 
wrecking uiIIIIoiin of llvos und amhltluus, often making 
of tlM-m tragedies of needless sufferUig. The cuuso and 
niitura of tbe illsoaso la utterly uukuuwii. and even Ita 


s differ greatly as to what they 
sUiiciil wlistcvcr that curus, none 
riniN the profession sUiiids to-dny 
■Plinihrluiii, and desiMlrlng ot re- 
Inis turned Its Imck uiksi It. eager 
orgimic i>r Infis-lliniH dlsense that 
Inslth of the suffering that is due 

at Ihe seliiHl and cntlra life ot 
mil esisvlully of scverul such lives, 
(>venl(sl the secret. Few ejisi-s, or 


of eyeslrulii. The woni shouli 
It Is utterly meaningless. Its 
hesdache and sickhcaduchc, i 
he used Instead of migraine. I 
caused by evident organic, loci 


such cases Hie iwniloeyratrulii symiitoiiis, and nlso In 
the socaJled “mlinlerlcs” of eycstmlii, sclenllllc siss- 
tadcB will probably produce nn nllovbitlou or iiiislinin- 
tlon of the symptonia that Is must noteworthy.' 

The continuance of all migrainous or cyestrolii dls- 
eeses Indeed empboslxes the great need 1 have previ¬ 
ously urged* of a systemullc aiul is-rtodic rc-cxniulua- 
tlnn by sdcntlllc specialists, of the bvHlIly organs aii-l 
fum-tlulM throughout life. Aiwrt from the objective 
sclenllllc value of such tests, they would often ravcnl, 
and thus prevent further liigravcsccnce of isithuloglc 
roiidltkais ninl traiids, of profound value to liidlvldunN 
and families. 


lag Uw aiswssi caosed by syrntrala. 

■"A Bystwa of Penumsl niologtr Eu) 
dIUoa of AdSfiuitr Medicsl and R<-l«nUfl' 
Jesr. AISM-. Hod. Aww, July SUt, IMA 
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Influence of Radio-Active Earth on Plant Growth—IT 

Facts Indicated by Practical Experiments 

By H. H. Huaby, Dean of the College of Pharmacy, Columbia Univeraity 

Concluclnd from Sonomna AioniaAM Surruunra No. 2048, Page 218, April 3id, 1016 


OPBRATioNii et the Korthfleld fann wen gresUy hendi- 
iwpped by the beevy nini of Maroh, April, May, 
whiob delayed plaatlng for more than a month beyo^ 
Die proper Dme, and whioh later drowned portiona of 
the oropa in low plaoea. later aovere drought eauaed 
further Injury. Many of thaae teaulU are, tharefon, 
uui yet available, but the growing oropa, whioh I have 
ubeervud with great oaie on varloua ooeeaMns, have 
ehuwn reaulta in all retpeota ilmilar to, but greater than 
tliuee reoordod at my Nutley plantatioD, whioh 1 ihall 
uuw deacribe. 

Tbo powdered radium ore taiUngt wen applied to the 
land in the proportion of about 2fi, SO, 100, and aOO 
Ituundi reapootivoly, to the acre. Thli meant, on pbto 
of 6 by 20 feat, only 1, 3, 4, and 8 ouneet, amounta in- 
oonveuiently imall fur uniform diftribution. Tberefon, 



Plan of aat af plota. 


to t>aeh «uoh portion 8 ouneei of ordinary fertilUer was 
added and vuiy thoronghly mixed by ttoam power. Thi- 
mixture made of the taillngi a tort of iadio.aetlva fer, 
lUixor, for whieh the lymbol RAF wOl here be uiad 
although the figurai itatod wdl aotnally repraieot the 
amount of the taUinga oontainad therein.,' 

A field having an area of oim and ona-haU aerea was 
Moured and lurrounded by a Ugh fanee to prevent 
poialbleintatferenoe. HiU of the ground formed a gentle 
■lope to the eaat, the remainder oaoupylng the level 
above. The ground wee a light, deoompoaed land-abala 
and 'vaa moderately atony. Through thli plot, from 

• Froni a Uctnn delivered at the Mew Torh Botanlrel Oar* 
Ilea on NuvmalMr 14th, 1814. aad pohllehed ta the doanal ol 
the Uiitanlcal Oarden. 


eaat to wait, waa laid a road A feet In width. Os one 
■da the atrip waa 114 feet wide, on the other 78 feet. 
The whole aet waa divided Into M aeta, aaah of 6 plota. 

One plot, AA, waa treated with R A F at the rate of 
200 pound! to the aoiei another, BB, with 100 pounda; 
a third, CC, with 60 poundi; DD, with 35 pounda, aad 
X with none, although It reoelTad tha 8 ounoea of fcrtl* 
Uaet. Kaeh aet of plota waa 10 faet wide, and tha plota 
oompoaing Die aeU wen, reveetiveiy, 6, 18, 0, or 20 
feet by 10 feet, aoaordiiig to the nature of the orop. 
Eaoh plot waa aepataled from thoaa on Ita four ridea by 
patha 3 feet wtda, except for the oentml road, whioh waa 
0 feet wide. Ai will be aeen from what foUowa, thia 3 
feet waa too namw a aeparation to prevent the tayi of 
the radium from reaching every plot on the traet and 
modifying ita yldd. 

Each plot of a lerim reoeired exaetly the mme amonnt 
of the eame kind of fertUiaer, ^>pUed at tha aame time 
and in the aame way. Every operatim of Meding, 
hoeing, onltivatlng, ete., waa perfect aeroti all 6 plota 
at unee. Thai, if rain or other eondltion eauaed in- 
torruption, no plot would have any ad'vantage or dia- 
advantage aa to time over any other. In abort, ah* 
aolutely no dlfferenoe exiatod In the eonditioDa aflaotlng 
the growth of planta In the 6 plota of a letlea, exeapt at 
to tha amount of R A F tluA waa ^ipUed. 

In all but ona oaae, the R A F waa lowed equally ovar 
the inifaea and then dug la. In tUa one eaee, part of it 
waapntintherowi,ln<»ier that a eompariaon of leanlti 
miUit be obtained. When eosM of the early oropa weta 
harveated. the gronad waa again dug, aad ether anpa 
planted. Mon fertiliaar waa then applied, hut in no 
ooaa waa any mote RAF added. The R A F in the aoll 
waa, however, muoh more thoroughly diitrlbutod by thla 
aeoond digging. 

That (he 3.ftMt path waa not anffieiant to prevent the 
emanattona from aaming and affeeting the adjoining 
ploU hi fully proved by the obaOTvatioDa wbleh follow. 
A 6 by 104ool plot of turnlpa, not treated with radium. 


lying jnit north of ona treated with 26 poundi B A F to 
Die am and having Dm iowi running north and lonth, 
■howa tha plaati at the ■outhem and of auh raw, lod, 
theroCore, aipeiatod by only the frfoot path bam tha 

2e-paiiiid plot, twlae aa large and atamg aa thoaa at tha 
northamanda. ThegfadoatkwinalMtromDMlargeto 
the BuU plaati, in oD 10 rowi, la abnoat u ragiilar oa 
though iwodneed meehanleoUy. Thera la an exaetly 
rimtier dUfmnoa among the turnlpa in tha 36-pound 
plot, thoae at tha aonthm enda of tha towa, aqiamtod 
by 8 feet tnnn the 60-pouud plot, being twioe ae larp 
aa thoaa at the northam and, with the aame regular 
gradation. Between the IKHMund and Dm lOU-pound 
plot! thm la Uttla dlUmnoe, ibowing that 60 pounda 
produoea about the marimum efiaet on tumipi. 

Between the lOO- and the 30(Vpound plote, however, 
Dun le a rimller but t eve r ied teMon. The tnmlpe la 
the 20Oi)ound plot are stunted by oa exeeaa of R A F, 
juat aa waa Dm iplnaoh that oeoupied the lama plot in 
the early qwlng. Now. Dm plaata In the 100-pound 
plot, lying aorom tha paDt from Dm OOO-pound plot, are 
limilaily etonted, while their Die Inoteeeet regularly 
from that aide to the north ride, triim they an aa large 
andflneaein thaadJolnliigOO-pouiidplot. In theeariaa 
of ploU next to the weet, the oahry j^te ihow exaotly 
the aame aeries of dUtanneas aa do the tmnips. 

Had I porformed do other eqMriments than thaae tUa 
year I ahonld have regarded the raenltt ea eaoMfaialve, 
ilnoe there le no other poaeible oanaa iat the dUhteaioea 
in the planU Dian the affeeta of Dm different amounta 
ofHAF. ItiiinDiJawaythatlexidainthewidadlf- 
fennoe in the oxtant of Dm gnlna by R A F at tho North* 
field farm aad thoaa at Nntlaiy. At Northflald tha plota 
oompared are aeras In extent, lo that Dm tadlo-aeDvlly 
from OIM oonld affaet only a vary narrow atrip of the 
other, and the diffaaenea in wol^t of mpa would diow 
Dm fun diffarenoa in aottvity of tha radium. At NnUey# 
on the other hand, no plot, even thou^ no R A F 'wae 
appUed, wae entirely tree ftom radium inflnenoe, whiob 
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baiMMd Hi jMd abow dw aonnal. Mtd dMMMtd the 
jlftfiiw ii bilvMB H utd the ndhna-tneted wope. 
It hM bMn aogierted that the dteoti oli the erope mn 
doe te the unuiiiiai oontalnad la the B A F, beoMw of 
the iicjr Mnell emonnt of ndluni pneenL Ksoept In 
pert, t^ It ohrlouly InqMMible, rinoe the anulum 
eoaU effeet only the ^t in wUtih it ww plaaed. The 
only pewlbleKiheUiiee the iniloeiuie of which oouldoroM 
the p^h to the natghbofiiiK idot ia the ndluin. 

An thaw naolU an permanently and Indlaputably 
d by a aetiea of photociaphi, whioh diaplay wltii 


The eaitteet efieet of radhon ia to inimaae the not 
innrtii. Often the ttem (rowtii arfl] be retarded for a 
time, but wiU later undergo a great aoeeleratlon. 

A given amount of euniight hai prodnoed a greater 
amount of growth when radium wai need, and the lame 
amount of food pnduotloa haa reaulted from a amaJlw 
amount of green tianie in oan of the grewi-houwi ladlthea. 

An inoreaaed tendency to branahing haa been obiorvad 
when a large amount of R A F ii applied to the aoU. 

Perhape the moat important effect of the ndlnm ww 
that of improving the edible properUee of the produoU. 


tain whether the longer variety would chow a greater 
affaot horn the aotion oftheRAF, wlhad prevloualy 
found true of long radiihea w eompaiod with email 
round onee, in which eace the latter ihowed only 2 or 3 
per eent Inoreaae over the oontrol plot, while the former 
ihowed 70 par cent in merobant^le radlahee and 40 
per eent in total. 

Tn the eaae of the globe tumlpa I collected 11 pounda 
from the oontrol plot and 15 from the BB plot, a gain 
for the latter of about 80 per eent. In the eaae of tlie 
long tumlpa, I harveated 14 pounda from the oontrol 


Newly 10, if not an Bold oropa gave an Ilwreaaed yield 
undertheiBflneoMof the proper amount of RAF. Tim 
largeat gain reoorded at Nutley ww 13B per oent; at 
Northffald 186 per eent. 

Probably the yield of all oropa win be deoreaaed if a 
eufllaiMit anew ie applied. In moat of the eaaet, euoh 
anew ww not reaehed by the 300 pounds R A P to the 



Row af tumlpe from control plots thoM at left favorably affoetod by 
emaaationa from adjoining 26-ponBd idot. 



The weight ef each fruit at the right hcen the eaow ratio to that at 
the left w the totel weight of the radium treated crop bean to thmt 
of the control. 


note, although in moat caeea the greateat gain ww at- 
talnad by a emallcr amonnt. 

Ilia amount qf radium required for tho greateet re- 
aulta differed with different erope. 

AA ww best in 6 eases. 

BB ww best in 8 oaaea. 

CC ww beat in 6 eases. 

DO ww beat in 11 oases. 

Families of plants showed the same varying suscepti¬ 
bility. Members of the Cruolfene or mustard family, 
oomprising mustard, rape, oabbage, oaullffower, sprouta, 
kale, kohl-cabi, tumipe and radlahee were greatly bene- 
ffted. So were the Cuourbitaoeae, oomprising tho 
p umplrin , euaumber, squash and mdona; in fact, more 
■0 than any othen. The Onmineae or gnw family, 
eompriaing bay, eom, augw eane, sorghum and lawn 
gram, ww onomonsly benefited. In thie oonncotion, 
it li to be noted that lawns have been peouUarly benefited, 
beeanaa of the ipeeial aetlvlty of radium on young grow¬ 
ing leaf Uwue. It is also to bo noted that all obswvers 
have renwked on (ha great effect in improving the 
showlnew of fiowers. 

The elleet of the R A F on a eeeoiid crop on tiie lame 
gtoiind ww greater then on the first. This Is probably 
doe to tho mote ntiform dlffnaion of the R A F throng 
the soil, earned by oontinued Ullage. The essential 
foot legardiiig the aotion oftthe radium ia that eaeh par- 

tlele ta ahoottng Ita raya in all diieetioiii thtouidi (be toil. 
It is thwefon to be MQieotad that mote uniform diffnskui 

would pndoM greater reanlte. Thla tewdiaB the Im- 
partanee of working Uie R A F throng the sott. 

Tho afltot upon gemhiatlon, when onell emounU 
an wed, waa to laetaeae the panenti«s of seeds ger- 


Potatoes were mom mealy. Boot eropa were remarkably 
Uinder, sweeter and of finer flavor. Beets, osnots, 
oulons, sweet eon and simUar vegetables were msHoidly 
sweeter. Tomatoes ware also sweeter and ohemioal 
analysis showed them to oontain less water and more 
sugar. Radium-groim beans and pew wtvs sweet.' 

My plots of lottuae, after being planted out, were 
visited by a aevero frost which either immediately or very 
ahortly eausud the death of a number of them. The 
porooDtage of death in tho several plots deoretsnd with 
tho amount of R A F present. 

Tho results of oxperiments with turnips are of greatw 
IntWMt and perhaps of greater importance than any 
others seoured. Two varietiw wore planted, one the 
oowhorn, whioh produoes a long slender root like a eairot 
and the other tho white globe, produeing a short rounded 
root, half or mom of it borne above the suifaoe of the 
ground. Them varieties wetu seleoted in order to asoer- 


■ Thhlnwesssla ms^ 




ptet and S3 from BB. a gain of about 129 per cent. These 
two inatenoes go fw toward Indioating that the larger 
tho amount of root Iiuried in the soil, and thus exposed 
to the aotion of the emaaationa, the greater will lie the 
gain in that erop. This result agrees with theoretical 
eonaldentlons. It bw boon established that the entire 
plant, and more espeoially the root, beoomos radio-active 
and tiiat this aotivlty roiddea in the eontained water, 
wfaieb wonld naturally impart a greater activity to that 
one with a larger root sotfaee buried in tho soil, where it 
ean absorb tbo ladlo-totive water, this water oontinu- 
ously stimulating all the oella with wbiob it ia in oontaot. 

Them ate other intenating oonaderetionB la this ease. 
The season of turnip growth, from late August to middle 
Ootober, ww this year marhad by an almoet total 
absenoe of tain, so that the erop ww praotloally a failure. 
At tile time of eoUootion, Oetober 14tii, tho foliage on 
the oontrol plots ww eompbtely dead and dry. Tho 
DD plot of oowhorn tomlps ww shnost w bad wbllo 
the other three, especially the AA plot, were sucneesively 
leas damaged, having more or less green foliage and being 
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aliU in a growinc lUlv. Thanton, had Um tima been 
oxtondul, llie iwrcanUga of gain over X would have boon 
Htill grvaUir than that niiw moorded. On tlie other band 
the ooiulitioni and the naults an now abnormal, and we 
probably could not oxpmt such largo dlffuroneoe under 
ordinary ounditiunn. 

Af to tho round lurniiM, tlie aame dllfemioe exiate d , 
although in Homnwhat InnMr degree. Thto again brlngi 
ui to tlu) ronaiderallon of the influence at radium upon 
the plant'K nwiatanoe to drought. It indkatea quite 
dearly that tiui ('ffeot of the radium it to incroaBo aueh 
ledatancc In tho oaau of my egg plant*, however, it 
atipeared to deercaao luch rmintanoe. Tho latter rnault 
appear* Miiiiuwliat nonlradiotory of the offeetl upon the 
plant’* reeisUnce to fnwt. Tho injury to the plant, and 
the nature of Huoh injury, from fro*t, ia doidy akin to 
that from drought, and a* wo have aeen in tho oeae of 
lettuce, nullum appear* to inoreaae reeiitanoe to dreamt, 
it is iHMnihle that thia diaciepanoy ii due to the fact that 
tlm turnip* eontinned to grow where the aoed* germinated, 
wlule the egg plant*, of rather large die, were attacked 
hy ilroiight ju*t a/lor tliey had been traniplantod from 
the wH'd bed. 

Sunie little light ha* been thrown upon the effecta of 
nullum upon plant diaeaaoe. The early part of the aoaaon 
wa» very wet, and tho tendency to blight in uucumbera, 
*qua*lii-H, and inuakmeloni, to imul in aweet oom, and 
to fruit rot in eggplant! and tomaloc* waa rather marked. 
'I'hc ilaninge in the radium-tnatcil pint* wa« not the aamo 
in tho dilTerent oro|M. Cucumhor* and nqiuwhe* appeand 
to Hulfcr moil where there waa mont H A K, the melon* 
wlieni Ihurn wai nunc. Early corn (dnlden Bantam) 
Hufferud about twice a* much from amul where there wa* 
molt radium a* where there waa none, wliile late oom 
(Country Gentleman) showed little dilferenoe in the 
different plot*. 

This U probahly the reason for the •mall peroentage 
of inoreaae in the crop of (lulden Bantam a* against GO 
per cent increase in (Inimtry Ucnticman, from the effect* 
uf the mdlum. Hail all imutleil can from the formor 
lieen good, and therefiire weiglied with tho othen, tho 
yield from the K A K plot* would have been much greater. 

Tomatue* and cggplanla Hufferod very little from rot 
uii the heavily ticatiHl plou, tint severely where there was 
lilUe or no U A F. lit the case of eggplant* the ratio 
uf damage un tho dlfferoiii pUil* ran almost exactly the 
same, but Invuiwly, with tlie amount of K A K applied. 

Gne of tlio most iiilemiling observations refifred to the 
activity of oiit-wonuH upon eahhago plants. Both early 
and late cabbages were heavily attacked by this ixwt, 
mure eapecially the early umt*. AIkiuI a third of the 
plant* were cut off In the control iikit and almost a* many 
in DD. When replaced by new omw, many of the latter 
were again out down. The CO plul slnu lust quite a 
nunihor, but the AA and HH plot* only one plant each. 
It did not appear to me poesible that this dlffetenee 


Eufenici and War 

Tux aecond Galton I«ctnro, In memory of Hlr francla 
Unlton, bom Febniury Iflth, 1822, was ddirerad on 
February l6th to tbe Kngenlas Kducntlon Society by 
rrof. J. Arthur Thomeoii of Aberdoen lluiverslty, wbo 
M)iokc on ongmitcH niid wnr. Ccrtnlnliw ns to the effect 
Ilf wHr On the imtunl Inherltiiiice of the nee bare not 
)et Imvii eHUbUshrd, bnt wimc probable rtska Hre dla- 
ci'riilliliv in nnclcnt time*, when fighting waa the order 
of the day, n .weaker dnii may have been literally ox- 
tirpnted by a stronger, aa black nt by brown rat; but 
nntlon does not exterminate nation nowadaya In an¬ 
cient times * liallle may have been an effective aifllng 
nut of Iho wiiiikiir. Ice* nimble, more niwardly cora- 
lialniilN; bnt It la not ira now. For the ellmlnatton la 
cither forliiltons or In the wrong direction. The llneet 
ImdleH of men ure chosen for tho moot hnnrdona talks, 
often liivolvliig terrible mortality, and tbe conaptcuoualy 
lirnre iin> iwrtlcularly apt to be ent off. In modem 
wnrfRre the sifting lends to be dysgenlc. 

Ill the seeeiid plara, there Is In tbe umking and maln- 
leiisiicc of the army. In a nation with voluntary mlll- 
tsry service, a selection of the more chlvslruus. tho 
wore virile, the mute courageoni, the more pstrlotlc, 
and Among those there Is s mortsllty high above that 
of iion.eonibBtauta, which means some degree of Im- 
povi'rlsbment M tbe race. It the number of cumbaUnta 
was small In comparison with that of the nun-eombat- 
Biits, the degree of Impoverishment might be slight, but 
If we hnre In onr British popnlstlon aboat 6,200,000 
men bstwemi eighteen aud forty-live, and If we have, 
ns we may well bam, a fighting force of three mlllkma, 
the disproportionate mortality among the combatants la 
likely to be aedona. ne engaolc satagnard la In tba 
iionnd nnelena of ‘iir and bntva maa wbo lematai to 
keep thlBga going, and In tha women (tbongh tbsgr 
again art dWbrentlally ofbetod in Belgliun and Serbia), 
but It liHiks aa If this wnr meant for Britain a dispro¬ 
portionate clliulnaibiii of tliose whom we can l^ast af¬ 
ford to loae. Demin's aenlenc*. In reference to the 
peat, U probably true of tbe pceoent: Tbe bneiM 


was doe to the peneenee of tadiiai and 1 dioald aaaraly 
have noted It but for tba foot that a ganOMBan wbo had 
applied R A F to Ua bnm la Vltginin eaUad to mv that 
bis was the only lawn In Ua ndtfaborfaood that had not 
snfltred from out-wwina, amna having infltnd so grea t ly 
as to be nearly destroyed. It wQ) ba vary daairibia to 
follow up thsoe two oasM with otiian and aoewtoin 
whotber the K A F ia aotuatly reapondUa for tha pro- 
teotlon oboervad. 

The relative effeota on tbs upper and lower porttona 
of a sloping plot have not been uniform. Of ton rows 
of oeleiy so planted, pUnts in tbe lower towi are nearly 
twice aa large aa thoas in toe upper onso, and the tiamd- 
tkm ia gradual and nearly equable. A passible axplana* 
tion of this is by asamnlng that ia ease of a bard rain, 
with suifaoe drainage, toe emanationt in the water In the 
soil would qulakly dUhtae torougb tha surtaoe water and 
be eatriad downward. In the ease of eggplenta Iheee 
ii an equal dUfetenoe, but in favor of thoao In the nppar 
rows. One might explain toil by aaauraing that tbe 
emanathma horn the upper lowi, wbioh eaoepo into toe 
air, would pass over toe surface of toe ground in the 
lower rows. Tbeb aetion upon the amial lienee ia 
relatively slight. Those frmn the lower rowa wonid 
strike tbe roots of the plants in toe uj^er rows. Tha 
explanations an mutually aontadletory, bnt so ate the 
effecta oboervad In the two onset. 

In oonolusion. It may be stated that the yidd of moat 
crops baa been increoaed by the addition of loma amount 
uf n A F, too amount differing with different oiupe. The 
bnneflaial effeota oontiaue over aueoeadve orofM, perhaps 
for many yeata. The lorgeit amonnt required by any 
crop would ooot lorn than the inereaaed market value of 
auoh orop of tbe first year. 

Radium ia not a plant food. The neceedty for fer^ 
tlllier ia but little deoreeeed by its use. The fertility 
of unused ground will ipontaneouily inoreaae at a muoh 
greater imte when treat^ by radinm. 

Bubjeeti worthy uf inveitigatiun are tbs effeota on 
yield of fruit trees and vtnea; the apeotfle feffeoto on In¬ 
dividual plant diaeaaea; the relative value of placing the 
RAF III the rows or hills and of sowing It hroadoaot; 
tha effeota on the dooompoeltom of organie matter in tbe 
•oil; the influenoe of the different kinds of soil upon the 
result; the ultimate nffeots on the vitality and quality 
of crops raised from seeds suooMalvely produced for some 
yeani on radium traated soil; the InfluenM on the moiUai- 
nal strength of drug plant*; the effoot on oropa not 
leatsd In my experiment*, a* flax, muotaid, iweet puta- 
tool, peanut*, ootton, tubaeeo, sugar eane, pieplant, 
alfalfa, eta.; spedflo effoot* on different flowers. 

The results at toe We^ (Northfleld, 0.) farm oail for 
loine ipeoial oondderation. The soil bm wa* of a 
totally different oharaoter from that at Nutley. Tha 
baoic soil i* a itiff elay, forming a deep, heavy, tanaeious 
mud in very wet weather and baiting rather hard daring 


men, who were always willing to coaie to the Grant In 
war, anil whu risked their Uvea for others, would on au 
average perlab In larger numben than other men.” 

In tho third place, there can be Uttte doubt that tbe 
ecuDomlee aisl retrenchmouU after a great war tend to 
handteap must oevunly tb« more bigbly Indlvldnatefi 
members of tbs community. Tbe highly skilled, whose 
work Is not absolntely twceetory, wUl lie ptnehed meat; 
and they are the salt of the race. On the whole, toe 
tendency of modern warfiire la dysgenlc. 

Tho second subject of dlacnadon was the Darwinian 
coiKwpt of the struggle fbr existence. In regard to which 
tlicre Is widespread mlsnnderatamUng. Aa Darwin said, 
the term la uaed Tn a large and metaphorical nose,” 
to Include all forma of the clash that ocenra wlwn or¬ 
ganisms aseetl tbemielvea In any foablon agalnat en¬ 
vironing limltatiooa and dllllculties. Tbe reactions may 
be competitlvo or non-cooipetlUve, selt-regardlDg or 
atber-regardlng, with teeth and elawa, or with wlln and 
kiiidtiaaa It la not doubted that one way In wUeb 
•nlmalB answer back to their dlfflenlUea and Umltatlona 
la to Intensity Internedne competltloa; It la maintained, 
however, that another way. common among too fliNf 
forma of Uf^ ti to Increase parental cere or to axpert- 
ment la cooperattoa An erxtrtordinarlly large profNMv 
tion of tbe time and energy of living creatnies Is de¬ 
voted to activities which art not to the advaataga of 
the IndivldiwI, and le an Inadsqnately apprednted part 
of iMtorab strategy that toe typM that aurvlTa are not 
only tboee that ehorpen weaponi and tokkon armor, 
bnt also theae In wUch toe indlvldnal bos boon wm 
or leas snbordlnated to toe wtUhre of too Me n» 
ImprobablUty of war being toe aavlng grace of human 
history grow* upon na. 

Tbe third point in the lecture was that since war, 
Molofiiwllif regarded, U, la vlte of all Us noMlIty, 
mnlaB, and nUli, a rmndon to too mort prtattlTi 
Olid eradt flora of toe struggle flor existaiKJk It iavoivtu 
a aarioim risk of slipping down the rungi of Um luditu 
of ortfluthM. What sowlnga of draguns? tarth ftan 
amt to la toe trnMi atnwili of IMu war; la R amb 


a dnufikt la tto loww ptora lUa oky <6 •valtU 
by and tooraorlaaaailjfad wMb*laqt ^ 

oayad vagetaUe mattor. florafaff a bitefe amck in igiay 
weatoar and a dry powdory mas doiiag a tooBght. 

Another fanportont diffmoasa is toad toa B A. r as wall 
aa tot forttoiar, waa driDad to tha lowi or dapodtod la 
tha uni, famtood of balat sown bcoadaort 01 ai Kathy. 

Unally, toe ploto wme of a terga dao, In BO oaaa laMlha 
toon one twentieth of on eere aodla wTm e n nam tft i lwtin g 
asvaml aerea. In eaeh oaaa, toe land waa so aaleatod 
toot on td* pk>to of oaa mop ware appraiinmtsly of lha 
mans ehonetar, and iq all oihar nmaeto tha soadllloiia 
wme onttormly moIntoiiMd lor an five plots. Ow^ to 
one or more or oU of ttoae dttimaneaa, tha Inw aa m 
seoured by tos use of toa R A r won naaity dmtols what 
they wars at Nutley. Thare ia, howwac, a gsamaf 
umformity In toa iwlali va resaUs on toa aeraal ploto 
of any one enqi. Thaae nsnlto on displayed ia too 
foUowint bkble: 

BMULTa AT TBB WUJA PAEH. 

Amiamt FwOrei 
Taiiato. B^AIara OakiOvw 

PtoAare Ooplral. 

Beans, Block String.aSIbn 27 

Cobbaga, Body. . GOIIm. 68 

Corn, Golden Bantam.1Q(H-Ibt. 2S 

Corn, Country Gentleman.100 Ibo, 106 

Cnoumbers.100 Ibo. 6S.4 

OaU.100 Ibo. fiO 

Pea*. Early.lOOlbo. 61.7 

Pea*. Ule.100 too. 46.2 

Potatoes, Early.60 Ibo. 00 

Pnmpldn*.100 lbs. 186 

Kodisbes.GOIba. 21.2 

Squash. 12MIbe. 24.0 

Tomatoes.100 lbs. 60.0 

Meld Corn. fiOIbn 10 

Altogether, it 1* fair to amima that the nsuhe on Ihl* 
large farm opprooehed more nearly to those to be ea- 
peotad in ordinaiy agrioultuml operation* than did tbooe 
at Nutley. 

SInee the shove was placed In type, a eorreipondent 
In MMsalppl h** reported the leoalts of trial* with nd- 
lihea, turnip*, beet*, letluoe, oabbage, oanota and pota¬ 
toes M having been entinly nagaUve, the three lost 
being ieoond oropa on the anrae gronnd. In these trials, 
the R A F at the rata of about 100 pounds to the aere, 
WM plmsod in tbe alternate tow*. No hrtiliMr waa em- 
pluyed and the msun waa one of seven and prolonged 
drought. 

Another, in Florida, roporta no effeota on string beaa*, 
bnt on potatoes 1.4 per eent Inoneoe from 60 pound* to 
the oere, 4 per sent from lOO pounds and 13.6 per out 
from 200 pounds. In this caw each of toe difforant 
amounta wna plaoed upon on isolatod ^ot^ 100 aqnan 


to be afraid lest by and by toe loop that aprlnga bun 
them nmy Include something worse than nmad meni 
The dlaciMalon then tnrned to tbe eugenle peelUoo In 
regard to aoins practical queetlona. It it pmalhle tout 
tbe losses of the' war, Uken akwg with the tailing 
UiUi-ntc, may move public aantlnieiit to a atmuger dls- 
approval of •ellWi fonaa of celibacy and to a atrongar 
eiwoungenent of chivalroua marriages. There Is pab 
rtutiom In dying for our country, perfaape olio in many- 
Ing tor ber. In regard to tbe marriage of reendto, 
more than eugenic cenaMentlona bare to be home la 
mind, but where adeqnate proviahw la asomed fm tha 
posrtble widows and eblldran. there lerae no reaeoe to 
pinee ototactao In tha way of the ntritaiB of MCrulta 
of anllable age and good record. It la for angHilata to 
scan crltioaily all pcapoaola bnniadly ptadaetad to mast 
crises nt war attain, am* ae putUiig ohlldiaa at tha 
dlapoaal of the tarmac -a doubly daageMua aagprttoa 
To bo CMlatad akn la ihe natoial dnfiia to eeoaontn 
ia tbe bliher anper- a e re na r iea. am* oa vackna florai 
of art, for thta naans eripiiUni anpabmen. One of the 
rcoolts of the war ia to be a bmdMBed antoa- 
maan flor ell-roind phytaeal fltaeaa. and tt moat 
graaM that an improvataaBti of aartoia aia aaganla 
aa half aa ft is dearly recegnUad that nBaaaing doaU 
not ■aha bad wood soM. Tha British tamngtinaiit 
baa on iahiren t dtaUka of cpamon, and atoanaa of 
« w« w m e ay mattaiy tratahw are to ba toahaff eg wUh 
grava oatoldoa nan is Che ttak af faaM|ogi Prw- 
tlanldag. For tha uaffiataUa Wrllata at part 
of drillaad Borope and fbr tha andwriaWa dlidhHttaB 
of baring taan wtninc-oB lUa necaaito to dh- tht 
right thiac at an ooata, Wa aball into to Ml a Idw 
prioe; and H it tu ba fearad that part nt.thti filag wlB 
ba toa ahatriag af a a g ite Mdntan and e«t edhair- 
aaeatotnai » nay to; bowavaPr ttai ftHt w« tfva 
tlnltataBy.>ai%iadtlMR<haiwii!WiStotariff,^tllW 
ponIMg BMBBt W ta* of iha lataWb: 11 Mato 
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What Everyone Should Know About Cancer* 

Suggestions for Avoiding this Very Prevalent Disease 

By Joseph C. Bloodgood. M.D. 


In. As year 1913 In the rsflstand hsm at the United 
StnWi 75/100 died o( eueer. Ae the retietmd 
am oal^r inehidea alioat 00 per cent of the populatloii, 
tha number of denthi ammally most be mush gmUr 
thanro/no. 

In idnlta, after the age of forty, eanoer la one of the 
most htqnent eaoaM of deaA. Now that tubenniloala 
hsa to a eertain extent been oontniUed, some staUstioiaoa 
that eaneer ia a mon frequent cause of death than 
tabermdoiiB in people over forty. 

Hmms who know tha faeta about eanoer are of the 
iqUm that if the pnbUe can be properly educated in 
regard to eaneer, tha annual oaortallty ahould be to- 
dnced at least one half, and perhaps two thirds. 

When the last five yean (1008 to 1013) are eompated 
with tha pnvloua sixteen, the trdlowisg rigna of im- 
proTmtents an noted: Early eases of eanoetoua or pre- 
eaoeeiow Indaminailoiis of the Up have Inereasnd fioia 
4 to 18 per eent, the inoperable eanoen of the Up have de- 
areaand from 18 to 8per oent. the per oent of euree diowa 
an inereaae from about 00 to 80; tho earUeet afleetioiia 
of the tongue have inereaaed from 8 to 30 per oent: 
the inoperable eaneets of the tongue have deeteaaed 
from 18 to 10 per oent; the per eont of ouroe thowa an 
inereaae from 21 to OO per eont. In eanoer of the bnaat 
inopenhle eaaee have boon redoood from 27 to 18 per- 
eont; 5-year cures have Inoreased from 35 to 42 per cent. 
This mean! that patients are eonaulUng surgeona in 
the very early etegea instead of waiting until it is too 
Into. 

This improvement is doe ehiefly to a surginal inter¬ 
vention earlier after the firm eign of the loeal dheaae. 
Very Uttle improvement oan be attributed to hotter 
surreal meaaurea. 

The chief hope (or inereaaing the numbor of ouroe 
of emieer ia eariy operation. Now, peo|rie oannot be 
treated unlem they cnek advice. They muat be in- 
•tmeted, therefore, when to cook advice. Thoy require 
infotioation (autbenUo infornuitinn) on the catllaal 
aigni of aondltions which are, nr mii^t lead to, cancer. 

Aa a matter of fact, the average Individual would 
never think of aeeUng medical advice in this earUeet 


Thet^bre, the price of pmtection from oanoer ia 
Infonnatton and education directed to the public and 
to the pTofeesion. 

When we have the Information as to what nay be tiio 
Drat hegiiminga or warnings of eaneer, we should edu- 
onto amelvet to have fear thou, hoesuae this fear will 
indues us to undergo an examination and treatment 
in mnh u euly stage that the ebanoee of a cun will 
usually be 100 per oent. Now toar, as a role, oomm too 
lata. 

Vortnnato is the individual who experiences pain, 
and severe pain. In the early etagoe of hie trouble, be. 
eause it urgea immediate attention. But pain in tbe 
great majority of eaan Is a late symptom of eanoor. If one 
waita for pain, tba pcobabllltlea of a euro are grea t ly ro- 
dueed. 

Canocr never begins in a healthy spot. Theremaybe 
some diaputa as to tUa statement. But experienoe 
in a laigs number ef oaaea provsi that this is abeolutely 
true. In those areas aoetmlhle to rigdit and touch, 
we an ahmya informed of a defeet entirely different in 
^Veanaoe and tine from the oanoer which later devel- 
in this spot. Now then is alwayi amne iooal 
tooubla which preoedat Um devdotmumt of tho cancer. 
This a»-f«l]ed pneaneecoua letiun ia the fliat warning. 

Tha int warnlnga at oanoer do not differ from tho 
warnlnge of dlesoaiti that an not ennofr. Thia oxplains 
why to-day and In the peat meat people eoua for surgleal 
aid In the late itage of cantor, boeanae when thoy were 
ftrat warned, they did not Ihlnk of oansrar, booauae 
many Indlviduala timiiaHy waned did not develop 
oaneat. This is tnta at tha pnenaoenns Mona of tha 
Ain and mneoas m pm br a nc a , of lumps in the brasst, 
iff dtatos of boon tad Jahita. of WoBs of the utarua, 
atomaohandeolDB. Oqt|motharhaad,ffriaafortanato 
■tote of tfUru, htoMM* the adnentod tndividmti. whan 
WHnsdy wm know that, in the grtot majority Iff eaaas, 
tiw elMiess sn limt it doto not maw aonoMr, or Ant 
MMsr ^ not tai davthw^ m« this infividnal will 
•lae htew tiM 9 ha opeimeg a proper axaminMilDn at 
onto tO ba.A^nred tor the appiopritoa treatmant, Us 
^ wilj ba.bast evsn it the 



It is fanportant, thanffore, to repeat that the first 
warnings iff eanoer an not different from tho diaeases 
that may later be eaneer, or that never develop into 
eanoer; that ovor>-one will bo duly waned, and in the 
gnat majority of eases that warning will ho in plenty 
at time for proteotion. 

few people and not many in the |>rufnHinon roalixe 
that when the diagnuMi ia easy Uio prognosis (out- 
oome) la had. Thia is espoolaUy tnii< in ranocr, and 
haa lead to tiiu terms nllnioally lamigii and oUnn-ally 
malignant. In the former, the usual signs of malig¬ 
nancy are absent. Now, tt tho eanoor ia roeognixnd 
at the examination, or at tho exploratory opomliim, 
and the appropriate operation follows iinmediaU-ly, 
the probabUitiea of a cure are bert. But in the cam-a 
which an olinieaUy mtiignant, cancer ii written on 
the surfaoe of the body. The aame opontinn may 
bo puaaible and at the o|N»atian it may apiawr that 
tbe dtaease ia equally well eradioatod, but tiin prolia- 
biilty of a euro it greatly reduced. The flgurea in 
casiear of the breast show this best. Under the micro- 
loope in the two groupa it ia tbe same eaneer. The 
diffennne in tho rcealta, Untrerore, depends ou early 
leoognltion and treatmunt. 

In thia propaganda wn muat inform the people that 
not only muat they hoed at onoe these first WBruInga atvi 
consult a phyaieian, but at tho first nunaultation llu-y 
muat ezpent and intiat on a thorough examination. 

In the beginnings of things, ospeelally when there ia 
pain or dlsoomfort, many patienta seek ibo aid of quaek 
remedies. They do not know that mislieinea which 
rtiievea pain does nut, aa a rule, have any eiTeet on the 
diaaaso itself. It simply pniduoia a period of fmalnm 
from diaoonffort and by so muoh delays the beat time 
for treatment. Undoubtedly people oan bo oducatMl 
in the treatment of many simple things after thoy luive 
become thoroughly familiar wiUi tbe signs and aym;)- 
tuma, but when a new warning appears, aomothlng about 
which there has aa yet boon no Instmetion, they should 
answer it at once by meing tiielr phytioUn. 

Moat eanoen are curable In tho beginning. Wc may 
rafely say to-day that in tho majority iff oases surgery 
haa conquered the technic of tho operation for the dif¬ 
ferent khidi of eanoer in tho different looalitiee. Thu 
cure of cancer to-day doponda on earlier recognition 
and earlier operation. If one is to have an opi-ration, 
why not have it in time? If you wont it in time, answer 
the first warnings. 

In eaneer iff the skin and mucous membram), in ovir 
l/Sn oases, there lias always been a previuiis lesion 
before the development of oanoer. Thoae have boon 
pre-existing congunilal or acquired tumors, auoh as moles, 
warts, or lumps, unhealed wounds, chronic uloon, areas 
at skin or mucous membrane, subjeoted to irritation, 
and rear or healod wounds. Kvery patient who has 
eome under treatment with oauoor has always told of 
theae beginnings. Tbe interval of time between Ibu 
onset of the procanooroua lesiim and tlie beginning of 
a loeal growth which would suggest cancfr, haa varied 
between months and years. We oan be abeohitely oer- 
tain of the local preeanoerous letiun, but we cannot 
predict whether, or when, cancer may dnvelup. We 
know that if wo oxeise sunh a leaion, we have removed 
at lout one, and perhaps the only one, visible spot 
on the body in which arnoBer may develop. 

In proper bands, there is no dangur and no diaflgure- 
meut in the eompleta excision of such preeanoerous 
lesions. In some obsm the cause iff the irritation can 
be removed, siieb as a ragged tooA whinh irrilatn the 
tongue ud musous membrane of the mouth; or the 
baMt of smoking and chewing tobaoco in easca of smnkore' 
burn. In some eases, the little ulcer or wound ean be 
healed by simple ckwaliness, or by aomo mild dnasdim. 
But everyone should know that any irritating treatment 
of the Uttle pneanoerous ietioii incroasce the danger of 
eanoer, and if eaneer hae already developed inenwsee 
its Iooal growth. Everyone should know that any in- 
eomplato treatment whinh does not romove every eell 
of th« Mon ii nmn dangerous than delayed proper 
treatment. 

AffiMg the 200 oases at lotions of tbe Up reoordod 
in tho Sinfisol Fhtbdagleal laboratory of tbe Johns 
Hopkins HoopltBl Um tidlowing Inlereeting faots have 
hem Bsoertaliird; 

Due to Uia loeal education prupagamla the per eont 
of benign caaeonun Iretuns hw iuereasod in tiui |iast 
5 yuan bum 4 to 18. The late aud tnupural>k< eais.-e 
of oanoer th» Up have dcerimed frvui IH to H^pi-r 
oent. 71w per oeat at eves ia aU eaaes in wfaieb tha 


primary lotion on the bp has not been previously treated 
or irritatcil, has been 75, while if the lesion on tho Up 
had roeeived any provloiu treatment, the same operative 
methods have yielded but 33 per ceut of cures. 

Tho failure to cure aU cases has been iliic largely 
to delay. When we have removed tbe eaneer of the 
lip and tho glands in the neck, and the glands sluiwed 
no evidence of eanoer, there have been OS pi-r cent 
cf cures, while if the glands did show eaneer, the i-ured 
were but 50 |ier cent. Here tho surgery lias been the 
same. The involvement of tho glands depends ou 
delay. It is jioisible for the glands to be involved one 
month after the beginning of the lesion. As a nile 
they seldom show Involvement m lesions present thnsi 
months or Ion. I'lio best lime to out out a lotion on 
the lower Up is within ono month after ita onset. There 
is no reason to wait bngor. If the little sore has nut 
disappeared then, have it out out. Tbe per oent of 
eureu in such cases has been 100, and in this group is 
one oanoer with infection of the idnnds. Tho per eont 
of cures in the three-months oases Is 00; in later oases 
about 110; in all enscs, as stated before, 75. 

The othiT nause for failure was incomplete surgery, 
resulting in failure to removu the glands ^ tho nook. 

Everyone of us will lie warned in time in 'oelons of 
tho lowi-r lip No inillviduiU so nluoated should dio 
Ilf oanoer of tbo lip. Tho pruteelion is the early removal 
of a V-shaped piMte including the unhealed Insbm. 

What lias just bei-n alalnl in regard to the lip, has 
lieen found to lie also true of lesions of I lie longue. 
Tlie dangur of the delay seems miieh greau-r in lesions 
of the longue than in similar lesions of the bp. Tliis 
daugiT is not duo so much ti> the iMwsible or probable 
involvement of the gbtmls of the neck, but to tbo iii- 
focUoD of tho miisolisi In tbo Iksir of tlie mouth. This 
18 resiaiiuiibln for the local rueiimincia and failures to 
oure, evun afUir the most oxtentive removal of tongue 
and glands. When tho floor of the month is removed 
without n-moving the lower jaw the danger of iineiinionia 
and intootion is great and tiio mortality luw lu-eii bigli. 
Tho removal of the lower jaw is mutilating. Tbe miill- 
lalion is gruatcel when tho eenUir of the jaw must bo 
removed. Tho evidenro is based on a careful study of 
over one hundred eases, Tho ixlueational pmpagauda 
has inoreased the iHiiiign pris-anoereiis lesions frem 8 to 
30 por oent and dooreasod the luuporablo cancurs of 
tho tongiie from 18 to 10 is-r oent; the probability nf 
a uure has jumped from 21 to &U por eent. This iin- 
provument, however, is not all duo to earlier interven¬ 
tion. There has also been great iniprevemeiit in tho 
surgery. 

Thu pnss-iil wmililion of i-anuer of llio Uiiigiio in 
relation to eariy disgnosis and Ireal.nient ui deplorablii. 
Thu publin anil profession aro not i-dueuUsl as to tbe 
dangers of any form of Imiun uii the tongue aud mucous 
membrane on the floor of the mouth. In the majorily 
of oasos a iliagnosis of sypliilis is iiiado and time thus 
lost. Tho majorily of cases of eaneiir of the tongue 
namn to tlio surgeon too late. I am confident that in 
tho majority of olins-s IS) per cent or more ore inoperable 
In this late stage llui surgi'ry has been iiieompIeU- in 
that tho floor of the mouth has not iMxin removed with 
the lower jaw. 

Wlini any sore nxisls ou llio tongue or in the iiioiitli, 
the use of tobaneo should lai at oiiec dinsintmucd. 
The teeth should be put In order, a minUli-wash of 
bkisrhonate of tvsia eiiiployisl. The blood should lie 
takon tor a Wasscrmaiui rraetioii. If this is isisilive. 
salvarsan should he administensl. If ttii' son- dm-s 
not heal and completely disopiiear within two wi-eks 
(there is nothing to bi- gainnl by further <b-lny). it 
should be cut out with a good margin with the alootrie 
imutory, preserving the i-enti-r of llie sore for mleni- 
soopic study. This nperetion can 1 m- done under Iw-al 
amathesia. It leavee no ili-fisd. It Ibis is ihiiui williin 
two or three weeks of tlie onset of tin- lesion, the ii|iura- 
tlon is sufilelent, even if the mii-rosi-ii|s* shows eanei-r. 

Kurllior delay inuri-asia tlui eham-es of I bo devi-Iup- 
monl of eani-or. If this develnps, the opi-ratioii iiw-i-s- 
sary to give the patieni I ho t^™t i-buiuHi of a |MTnuiiionl 
euro most be much more extensive anil llu- Hour of the 
mouth must bo reniovml with a Jiioee of the lower jaw. 

The last word which seu-ntiUn medicine haa to say 
in ennm-r is; Oo to a («m|M.-U-nt surgeon lU unct, as sisin 
as any lump or wire appears tliat dims not gn away 
III a few wis-ks. The lariier you liuve pn>|M-r Iroalmenl. 
the h-ss tlie danger, the loss the pain. He- h-si, Ihe Ois- 
flgureuM-iil, tin- h-ss tlii- i-\pi-nsi-. \ Iriiinl oin-rolioii 
may provont a serious one and may save your life. 
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Iri>iigtli iinir ill... 
lri>nKth unllibli IohIiIc 
lDti<riiiil illiinetrir of iirvmi 


1 , ilictrle wlacbM. 


Italian aahaiie reaaal and teatbig dock for aubnirlnea. 

Salving Sunken Submarines 

Provision Made by Foreign Countries Anticipating Accidents 


Tiir. md diaaibf that hoH nvorlakcn the iiiliinarine 
"K-4" at lluiMiluIu rrmindi ui fonibly that thia typu nf 
I'rafl ill poeuliarly liable to a vaiioly of miibapi Uiat aro 
unknown to ordinary veaadi, ai well ai the ordinary 
dangn* of tho eoa; and ooming ai It doe* while we are 
reading of the marvoloua perfonnanoet of the Oerman 
•ubmarinua in the etrenuoui work of aetual war it Ih 
luggadve of bow mueh Rood fortune bai to do with o 
luoeeaful raid. 

There if another and more nrioua aide to Ihii mailer. 
Katal Booidenta to lubmarinea in timea of peace have 
Iieen not at all unoommon for then have been between 
twenty and thirty nieh aooidenta, reaultliig In the loee 
of in the helghborhood of three hundred Uvea, furtu* 
naU'ly all abroad; but tbli ii no exouie for disregardiiig 
the warning fo plainly given, tor while aevenl foreign 
MJuntrlee have built veaada apedally deaigned for the 
(juiek ealvage of eubmarinea in trouble below the furfaee, 
our Oovemment, in ita anxiety to eater to aentimental 
"peaen” advooatea, baa permitted our brave ofloen and 
men to eontlnue their prepaiatloni tat pubUe protection 
without taking the lUghteat action to make provision 


forU 


k that men may be oairied 


leak! at tlinwi deptha. It will be aam 
lively* that wo are now taking theae very itepa, and It 
is a matter of eonunon knowledge that our submarlnee, 
before their flnal aooeptanee by the aovnmmeat, are 
aotually aubjerted to a subniMgenoe tsat wfaiob re¬ 
quires the boats to be sunk, without anyone aboard, to 
a depth of aoo feet. The Inspiration for these trials 
was an aeddent to one of our own submarines of the first 
group built, wbioh, when I3S feet down—she was oaniod 
there by leaky valvea—leaked so menadngiy that abo 
was brought by her crew to the surface again cnly tbrongb 
the dospente working of a dn^ band-pnmp. It waa a 
very close shave for her people, but It did not teaoh the 
Qovernment any saluta^ less^ 

Oennany was the first ooon by to recognise the dangers 
and requirements of sub-turfaoe navigation, and, aatlol- 
pating the very kind of aooident that has brfallen our 
"F-4,'' aa long ago ao mo built spodal vosada tor the 
lalvBge of submarines, and also ananged it in lueh a way 
that it oould be used aa a Ikiatinf dry dook for repair 
work on thoM oraft. Thia vasad ia a powerful sdf- 
ptopelled eraft 330 het long with a double huU arranged 
to operate In the muiw maoner aa an ordinary lifting 
doek. Two pownfol ganby eraitea provide a bftlng 


. a weight of 6U) tuna, and 
its tankini hooked to ohaln slings, or to strong ring 
bolts built into the hull of a submsrine, any submarine 
boat can be drawn up at a speed of sbont 80 feet a 
mlnuto. Inside the pontoon halls, and at a sattablo 
height above the waterline, shdves ore provided which 
will support a removable doek floor that enables wvk to 
be done on a sabmarino after it baa been lifted dear of 
the water. This moUie diy dook has undoubtedly been 
of great value during the present hostJUtles. 

Italy bos also provided a special oraft aa an auxUloiy 
to submarine work, but It Is rather more in the nature 
of a teeting device than aa a rescue epparatus, althongh 
it is better adapted for this work than the onUnoiy 
marine dMriek, and it can also be utilised aa a floating 
repair doek. 

Aa win bo non In one of the m 


which make it posdble for them to survive in thdr 
ronflnement for many long hours and yet, in the end, die 
lioeausc the salvage equipment ia inadequate to oo|ib 
with their rotatlvely ip^ raising. ThU baa happened 
•broad, upon inverd oeaaslons, under hanowlng con¬ 
ditions, and it may occur hero again It soma provision 
is not promptly made to prepare for iust auoh an emerg- 
onoy. It is not lair to the men that taka the risks neeee- 
nrily involved in service aboard mbmarfaus to hesitate 
Isnger in building the required salvage apparatus. 

There are some kinds of ooeidenU iriiieh may send 
a submariiio to her doom and against whleh no toraright 
imn provide; but. again, there ate other oiieumstanow 
wbieh may cause a submarine to link a^ which may be 
rftber entirely eliminatod or largely minimised by pro- 
vlakm. To a large extent, tMitSitMpation of aooident 
Um in i"ak»ng the submarinnitrbng enough to resist the 
stresros of deep submergence ghd In equipping the boat 
with pumpa and other tried, gtsans lor the expulsion 
of nater bellast or for the nontmllsing of reasonable 



Crcoa osetloB of tko Got ___ 

ing a aabmorlM liftod by the gaMry crtM gad 
placed npea the reoMvaMe leer at the dmk 


tkme the "Laurentl," which ia the name of the Itellaa 
deviee, consisU fundamentaliy of a long iteel tabe A, 
c^iable of withstanding hJ^ pressures eortad from 
within, Into which a submarine 0 can be floated and 
seemed, after whioh the eninnoe ia hemetieelly sailed. 
In onr picture, the datsway Is shown on the Irft sealed 
by the oonvex aaiason. The p i enwrc tube Is s u pported 
by bellast tanka B, which eaa be flOed with water bellast 
C or exhansted M oeaarion requitoe. The doek has its 
own powe r Iilant end He own pumping equipment... A 
lemovahie hood B ptevldia a hoprint fee eounliv 
tower. TlwtabelssiippIMwIthkeelbloaksB.ahdslao- 
tricaOy-drimn eeiwtaiH B. 'When the flubmariue is 
hrid,wllUa the doek and sumaiided by water fllUng the 
tnho. u duwn by the aarfl diagtui, pirtSttN ia eatirted 
open the enveloping wat« by a (oltahle stemn ponp, 
and thlB premnre can be miied greatly in ageesi e( the 
hydrostatio ptessure to wUeh a eubittariu wirald he 
Hkriy to be snbjeoted vofamtatOy. Obesrrsii naiala in 
the sahmiriiw wfa&e nndfei|oing this gHsmiio trial, and 
teimhenie fasUMes keep tbsm ia toarfi wllh thoee in 
ehaige of the doek and ths puawiat plant. In tidn 
way tiu iBiiiaBtiQa ean be tnirUd w ikffiitqttaly nod 
ndMaattvely, and ell U the dpgmtiina —rVft—- ean 
Iw pat ia ttotiea and drigd aadgr phyitat dwdWntae 
truly teprodaeiac the ebgkasstMwss d! asMal deep, 
mbusnawa. Then b m hwned isNive^.Hd the 
whole tvesatlon ean be eenddeM rfgbt at the ykfd. ' 
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Hm G«rau tmmI "Vulkmii.” Can lift 6M tana U netan In an hoar. Bow view of French oalvage veoael for aubniarinea. 


Our Uliiftmtlon alao ihowi how the lewronti dock France aleo Wnc ago provided fur the neoeaaitieR of its publlsIiMl n<|)or(s of the duiugs of the Ucnimu I'raft, 

eaa be noad as a Mlvngn apparatui. In thii manner a submarine flotilla by buildlntt a veesel very rinulor In there is not the Hlighlesl doubt but that auxiliary vessels 

ennken eub m ar i ne can ^ raised and carried into port or general design to the Qerman ship, but of greater oapacity of the general clutraeUir of lltoso hem desrriliod are 

bone to ihaUow water, where ahs oan be opened and and about double the lifting power of the latter, and an absolutely essential to the siieressful pmsts-ulion of sub* 

enterad if stioh an opention be deorablc. In addition excellent idea of its oonitmotion oan be had from our marine entorprisus; and with these faets so plainly 

to btinc a tototiv dock, tire Laurentl submarine aasiliary illustrations. dcmonslrated, and made emphatie by our present 

eaa also be ampleyad as an ordinary floating dock for The permanence of the submarine, both as an Initru- disaslor, our Government should lose no time In taking 
undweratar boats, and in our picture the plating la mont of offense and defense, has been definitely settled steps in this dimotion, for at present the ITnited Htates 
removed amidships to show a submarine resting inside. the last few months, and, reading between the linos of possesses absolutely notlung of this duaeription. 


n* Um ud Care of a Watch* 

Thb fanportanoe of Uie eateful handling of a llmi wateh, 
of ragularltF In winding it, and of frequent eheeking of 
Ita eotreetion with toim lonrce of aoeurata llmo in 
order to obtain the beet resulle la so wdl known as 
•oanely to need emidiaaii. However, with the thought 
of ealling tbs reader'a attention to some Important pro- 
eauttona hetelafore overlooked, the following soggea- 
tiona on the handling, winding, and eanylng of a wateh 
are faieliided hen, together with some addltianal informa¬ 
tion on the tournee of aeourate time meacurement with 
wbleh ona may frequently nompate hb wateh. 

It la wdl known that a fall or seven Jar la liable to 
Injun the meohaniam, espeoially in the bending of a 
pivot or the braaUiig of a Jewel. It k, pechapa, not so 
won known that the men fall of a wateh to the and of 
ita ohaln, or the Jar it may moeivo when the artiole of 
olothlng eontalning the wateh la thrown down or dropped 
may eanse aa aerlous an Injury to tome part of the move¬ 
ment. Even the euddon motiona or Jar of Jumping off 
or on a ear may injure It setiooily. B^uae of the small 
rise of the pivots neoesiaiy in aeonrate walehes all sudden 
motloBS of the wateh, even when In the hand, should be 
avoided. 

Ukawiia ean thonld be taken to keep the wateh from 
being magnetlaed by prosiinity to electrioal apparatus, 
althoogfa the trouble from tUa eanae is'bdng reduced 
by the preaent type of oonstruotion of dynamos and 
motoca. 

Unless the watch haa a thoroughly dust-proof oan 
earn should be taken to keqi the pooket'frse from dirt 
and lint, and it la dealrablo to have a wateh pocket of 
sseh material that tiien will be aa little aooumulation 
of lint in the poehet ns pomlble. The watahoaae should 
be optaad as seldom as possible and'only In plaoea when 
than la Utlla ohanoe of duet gathering on the movement 
iridla it la exposed. A brokea'watoh crystal should be 
leplaeed promptly, even If the watch has a hunting ease, 
•OIrailsr No. SI. Buna of gUadtrds. 


Intended to prevent dirt getting into the moclianism. 

The importanoe of the regular winding of a wateh will 
he quieUy resdixed when one sees the isnohronism curve 
of a given watch. Even the delay of an hour In the time 
of winding may eauae oonoiderable vaiialiou in the raUt 
in aome Instances. Often it will materially Improve the 
uniformity of rate of a watch throughout the 24 hours 
to wind the wateh twioe a day, but it la dcainble that 
this plan should not bo followed unleaa it It oairiod out 
every day. as a wateh having oomparativdy poor adjust¬ 
ment for isoohroniam would exhibit larger variations of 
rate when trani-dafly windings are oooaidonalty omitted 
than if it were wound only once a day. Bueh semi- 
daily winding shonld be done as regularly as the daily 
winding, and the practioe of winding up the watch a 
little at a time, often absent-miniledly, whenever onu 
takes It from his pocket, la not produetive of uniformity 
of rate The winding should not bo done Jerkily but 
steadily and not too r^iidly, and its eonolurinn Aould 
be approached carefully to avoid injury to the spring 
or winding mechanism. 

If one winds the wateh only once a day. It is generally 
nigarded ai slightly betf« to wind it in the morning 
than at night, as the large variations of the balance under 
the tight spring will pexh^w give more uniform results 
with the movements and jar of the wateh during the day 
ibaii if the balance whMl were tubjoet to the loeior 
tension 12 hours efter winding. The difference is, how¬ 
ever, not M important ai the r^tiior winding of the watch, 
and if airciunstonfes are snob that one is more apt to 
forget to wind it in the morning than In the evening, the 
latter time of winding sbould^be adopted. If one has an 
opportunity to oomparo his watch daily at a eertain 
time witii sume souroe of standard time, aa with the time 
sent out by tidogiaph or by radio (wlrekaa) slgnali or 
the dropping of a time ball, or by tiw regular oomparlaon 
with soma aeourate clock aa one daily passes a jeweler’s 
store, for Instance, It would be well to establish the habit 
of winding the watch at that tlms, aa it is better to have 


such daily comparisons niado at tlio time the wateh is 
wound, and more regular winding will usually ensue. 

The pocket in which one carries his watch, the sixe 
of the pocket, and tlic kinil of watch cliain or fob used 
have a morn inqiortuiil effect on the uniformity of a 
watch's rate than is generally realized. The temperature 
of the watch in different pm-kcls will vary nonridcrably 
and the amount of motion and jar to whlob the watch 
would bo lubjecl would differ. For instanec, a wateh 
oarriod in the upper coat pocket would generally be at a 
lower temperature and would be more frequently dls- 
lurM, as well as being holil In various poaliioni mure 
irregularly, tlian in other pockets. In a laige pooket 
the watch Is apt to turn to the right nr left by various 
amounts, giving Irregular rates unliws one adopts some 
metliod U> liiild It upright. I’erliaps tho best method 
to prevent a watch turning iu tins way (other than 
actually pinning it in ploce) is to keep tho watch in a 
ohamols or kid wateh b^, micli ns may be obtained from 
jewelers in oorreet size to fit one's watch. The watch 
cannot turn in this if of the preiier size, and the friction 
of the bag in the ixicket prevents its turning. The Iisg 
also protecta the waPii and keeps it elcanor. Most 
watch chains aniljmaii.v wab'h fobs are not effective 
in holding the watch upright. A fob of tho typo whlob 
hangs over tho top of tho pocket sometimes holds tho 
wateh upright quite well, but wlth*suoh a'fob ono is 
somewhat more likely to drop the watch. 

At Dight,*or when'the wateh Is nut'in’^use, it'is 
rirable to leave the watch in tlie same jHisitinn aa during 
the day, and preferehly in some place where it will not 
be subject lo%ny*gn>Bt leuiperaturo change. If it is 
destrahle to leave the wateh in a horimnlal position 
during the night for the sake of compensating any mn- 
sidereble gaining or losliig of llie watch in the pendant- 
up positiou during tho day, Ihn same precaution to avoid 
marked lemporatura changes should be observed, and 
the regularity with which such a change of position is 
carried out may be aa important as regularity of winding. 
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A Record of Achievement—11* 

The Contribution of the Chemist to the Industrial Development of the United States 

By Bernhard C. Hesse 

Concluded from SciKimnc Aubbicar SoPFLuniMT No. 2048, Psce 211, April 3k1, 1915 


Tiir law uialcerH of tlic Uulted HUtoa know that coal- 
tar dyea wore made alnioat wholly In Germany; they 
know that tliow dyoa wore ntacntlal to Iho ordinary 
Itmwth and coinlnrt of enterpriw* In UiIh munlry, not 
Uioniaelvca clionilial rnton>rlHrH liut which iirodncod 
large valnea of godda annuiilly and rniployoil many peo¬ 
ple; they knew that attempta had hecn made for over 
thirty yearn to prodneo those dyes In this country, and 
llicy know that they had iN'ndNtonlly and dcllhcrately 
declined to liriiig ahoiit ceoiioinle eondlllrnm which tlnwe 
who wen- In iKisItloii to know l"Ul llieni were cMNCiitlul 
to Ibo nitalillshinctil of an liideiiciideiil ntal-lnr Indna- 
try in this country: they knew that whatever eonl-tar 
dyca were produced In the I'nlteil HUIi-m were prodneed 
mere by aHHemhlliiR dye-parts widch they knew wi*re 
Imiwiicd Blninat wholly frran tlcrmaiiy and which they 
knew conld mit bo profliakly made In Ihc TTidlisI Hlahw; 
Anally they knew that If fur any reason whatever thane 
dyea could not bo oblalned from Germany the produc¬ 
tion of large vnlu(>a of gooda niul tho employment of 
many people In Ihls country wonlil be Interfered with, 
and very likely scrlonaly Interfered with. 

However, hardly had the Knrupeaii war broken out 
than our dally prcaa, well knowing whal our law laak- 
era Imd dollhoratety and knowingly doiu', covered the 
.tmericnn chemist and the Ameiiean chemical manufac- 
torer with an Bvalnuche of harsh and nnjnst erltlctsm 
for not doing that which onr law makera knowingly and 
pondatently had made Impnaalhle. 

nriMilly considered, the erlllclsnu< of the preas may 
U» gBMiped IB followa: 

I. The present ahorlage of dyes and Inneeesllilllty of 
German producers to the Auierlcnn market offen an 
tiimanal opportunlly for tho nianufaetnre of coal-tar 
dyea In this cnniitry. 

II, The ehemleAl roanufHctun'ra of this coniitry 
should rnako llioao rvnl-tsr dyoa. 

no BiioaTAoa or irraa. 

With regard to the drat of these It la very pertinent 
to aak; “h there a shortager An open ond fair- 
minded iwmiatl of the textile tradn lupers, and of tho 
textile NKtInna of dally trade papers from alsrat the 
middle of Angust, mil, to date, learnt the iioeaUon na 
to an netnal shortage very much open to doubt, with 
the ehaueea for a ncgatlvo anawer very favorable. 

It la only reasonable to believe that inch pemaal la 
very likely to rcault In tho following sunimary of the 
alhiatlon; At tho oiithrank of the war our cotton mllla 
were loaded up with entton that coat them from 1.1 to 
ID eeiila per pound; shortly after the niilbrenk of the 
war the price of eollon dnipissi until It stsni miehed n 
level of about 11 eeiita; Aggers of enlonvl cottons In¬ 
sisted upon prleea for Hie niaiiiifncliired gisida Igiwd 
upirti tho thei\ current prleea of ctitinn; nvllrrt of ndton 
goods Instated that the ahortago of dyes waa anlDelent 
warrant tor holding nut tor prleos for colored cotton 
higher than Ihe curn<nt prices of entton woidd seem to 
Jnatlfy; the bnyera would not Imy and the sellem would 
not reduce the prleea. In the meantime djeatuff ship- 
menla which WTre curtailed In some of Ihe months, In- 
ermsed, and for the year of 1914 the receipts of dye- 
atnirs, 1. e., alixarin, ele.. d.Tes, coal-tar dyes. Indigo and 
anllln Hlla are nnder 1019; that la, the totals 

for 101,1 were $10.(WD.OI2, and Air 1014. |0.4,H,308; In 
other words, 1014 was 01.4 is<r cent of 101.1. In 1012 
Ihe enrraaponding total wna $1(1.110.7(11; I. e., 1011 waa 
only 00.0 per cont of 1012 or $121,001 short of 1012. No 
one enmplalnivl In 1011 that this ahortago as against 
1012 waa due to the American chemist. The answer, 
thi-refPiv, Is that Ihcra was not any serbins shortage of 
dyestulfs. With that answer also fails Hie prlnelpsl 
roniUtlon u|wn which the prc« of this eonntry hnsed Its 
Inslalpiit demand ftir Immediate dyestuff manufketuie 
In this country. 

In this cnnuectlnn It Is <if Intereal to note what Mr. 
William Q. Gareelon, secretary of the Arkwright Club 
of Boston, which Includes Ihe treesnren’ of cotton mills, 
said on January llth. 1010, to the Committee on Pat¬ 
ents, House of Bepresentatlvos: 

"I pmome Him srs mills all over tho country who sn inf- 
(••rint fren s shortigo of dynlaVs. Tho reports Hint I bars 
are (hit tho dyaatnV moB am straaltSB very hint to look 
after tbelt aastomcn. tad they an sacctsdlii, I lUsk, fht 
the most part The difflrnity perhaps goes dsapar thaa the 

• An aihlma hefore tbn Americu Giipnlcal PooMy at Its 
dfltadk mestlsB, New tirtans, Usreh itst-AprU Ord, ml 

r*f Joanwi of /sdasMsI sM t s« f »ssrti» Ctttsrislry. 


ro la aaothar protilcai, of nnnw that Istnsats tkam. 
It la tba eoltsB market, a year's sepply of eottan kav- 
B faonght at aamewhen betwacB IS and IB ceats, sad 
laat of the war tho pries of cotton droppliB to 6 sad 


a la tko 

iiionafapturlni of _ ‘ . 

. Id of It, 

and Irylag to work at tho dyeatog ond of It and trying in 
work nut yoar practice based os cotton which nia booght at 
IB ceats. and which yon conld now bny at 0 canta. and had 
all the tmulilos—I wlU say this, thst It aronid probably have 
hceo much better for the cotton nitlta of Now l^laad U cot¬ 
ton had rmalned at IS or IS or 14 or IB centa beennao wo 
n. and m 


Unu oCddlkus of lasl mean aaA yMis s( «$toM ud 
isbor In u BttMpt to gisks « pir «iat st tto vsey 
ontsld% wten tt would be maan M tte poskuts at tku 


THE nalTED STATSa MUST SI iRMcntanRT. 

Collaterally to this supposed dymtoff shortage ear 
press urged that American industries should be lude- 
penilent of Kum|)e for aneh vital materials os dyeatnffSL 
Probably on some aort of reaaoning, such ns that em¬ 
ployed by lAird Monllon, via, that one dollar's worth 
of dyestuffs Is ncoeasary to tho prodneUoa of $100 
worth of mnnuthctural product. Granting that dye- 
Htuffa are realty ao Imiiortaut and that such an Impor¬ 
tant conKlItuent of a manufactured product ahould be 
inannfaclured In this country, hrlngi ua up to a dlacna- 
slon of the second qnestlan. 

The dividends declared and paid by the German dye¬ 
stuff mnnofaelorlea In 1012 are in the netshborhood of 
10 per cent on the annual turn-over. For the puipoea 
of dlw-umlou, let os assume It la 9D per ermt, and let 
UH aMnimo that the mnn who mnken tUs flOffa worth 
of manufactured product mokea 10 per cent or $10 
proAt on that. The textile maker, therefore^ makes $10 
where the dyestuff maker can make 20 cents, nr more 
likely 10 cents If he can manufacture as cheaply as can 
Ihe German. Tho American dyestuff and cheinleal 
lasnnfticturvr Is not and has never been attracted by 
I hat powdide 20 cents proAt. Tho textile maker la 
Hpeiidlng that dollar anyhow to somebody; tho Ameri- 
ean dyestuff and chemical maker does not cure to muke 
that didlir's worth «f commodity. It In of no conae- 
itnsnco In him In his bualnem; he la making a Ilvliig 
Mime other way. hut Hie textile maker soys It U a mat¬ 
ter Ilf life ond death to him to get those dyeatiiffs. 

THE nvK UHEas Muer hake the dveb. 

An otiilfiUH question at this point Is that tf thn dyes 
ore S4I vital In the textile nmkem, and the American 
dye makers will not make tbmn, why do not the textile 
makers Invest their money In a dycntnff plant and 
charge up any Inssni that they may aostsln thereby 
Immmnoe premium to Insnre the sale of tbsir goods and 
Uie proAl therefrom resulting Just ns they nmke their 
own eoep. If need be? There Is no ethical nor prote- 
Klonal n-aaon against their eo Investing their money. 

Rven If the textile maker, nnder Ihooe condlttcua, 
would Just break even, he would still be a gainer; but 
the Amertcan dyestuff ami ehemlcal maker would, under 
tbose condlthHui, he a lowr, because he would be unable 
to return dlvIdmidN to Ms stockhoMera, who have the 
very anfmtanate haMt of Insisting upon dlvidendu If 
It cost the textile maker $1.00 to make a dollar's worth 
of dyo, he would be out SO cent*: that la, be would have 
paid a 0 cent Inounnee premium to make sure of a M 
cent proAt; It the dyestuir ami chemical maker were 
obliged to sen s IklBg that coat him $]JI0 st $1, the 
sheriff would very soon have pnsseaMou of Us property. 

Grsntlng, thorefora, that the idahlUty of our textile 
and allied Induatrles demands that theae materials be 
prodneed In this eomitry. It b1b> followa tb 
dal burden snd risk connected with the 
of the dyee abouM fUll npcin them. To thta 
blllty I have yet to ass from the dye imers of fUs nmu- 
try any adequate or •aOcleBt aiwwer. 

If It b* the port of wtadna for taxtUe makqn not to 
anter upon tha mamfaeture of dyeatufli la thM oaag- 
tiy. even though dyeatuflk are a mattor of Ufa Mi 


venture and ba ahead of the mm tvmi If thor lo« 00 
oeuts no evwy dMloi^ worth of dye pmdaeadt 
I hava BO doubt In my own mind that thoiknfchald- 

oo tha put of 

their reapective propertlaa. 

Throntfioat, since the begtimlni of the war. It oeema 
that tha seUer* of catoradcottoafoodahavebaanlndnlc- 
Ini In tha cry of ‘%oir many Umat mora than oin 
too often, and the buyers at cotton gooda hava not be- 
llevad Qwm: If tho buyeru of eottou good^ knowing tho 
seOrn of cotton gooda better than tha montiotiirm Iff 
chemleala do, will not boUeva thooo oollon, what reoaon 
have the chemical manufOctann to bMleva the loUin, 
or, upon rupreoantatlona of thooo aollaco alone, to Invoat 
huge anma of money and vast effort In on attempt to 
help the oellen? 

Hornaii Amauainaa. 

« to bo Mporaaost is that the 
Mould have a salBelmit sense 
of patrlotlim to toss tbalr moMy, tod the money of 
their otockbolderi. In Mder to help out the toctUa mak¬ 
era On thla point the /ourosi of O e m amae at October 
Olb, 1S14, myi: ‘'Ihem on some merehanta who tUak 
moUvee of patrlotimi shcnld prorant large puichoma of 
foreign goeds at thia time, bat there la net oa much 
patriotism In fai 
cold fact of the ff 
made by tho holdan of ft 


n the cbemkal manufacturars of this coun ti y , who w 


If patriotism wlU not Induce bnyera of cotton goods 
Of sellers of entton goads to pay owro tor gnoda mode 
In tha United mates thsn for those mode Msawhare, 
then why should potrloUam cunse the dmmleal manu¬ 
facturers of tUs country to go ahead ddtoerately with 
a proleet In which they are sure to loae aaencyt 
WHT AJiaaKAg m-MAKiao CAggOT OOHVm 
But the answer to that to, "fhite to loss money, whyr 
and the answer to that qucstloD Is a very long otory, 
Imt It can be summed up as follows; The total worldh 
consumption of coal-tar dyse of ell kindi, the year 
round, and the world over la considerably bdow $100,. 
000,000', ever sliMn IKIV, diamleal and dyertoS manu¬ 
facturer! In this country have boon attemptliii to get 
that buulnm or a portton of It, away from Germany; 
not only that; but the cbamlcal mannlhctami In Aua- 
trie, Belgium, Fniiee. Groat Britain, Itely, Bnaafa, and 
Etwitacriaiid have bean engsged In the same effort, and 
all of them have ftUlad; tbete Is no real reason to look 
for glittering and ImmedUto snecesn now. 

At the end of the year 1M2 the world owed Germaiiy 
$SlA4IUBn for dyea Bwltaerland was second with a 
credU aninst the world of $8,7^808. Gnat Britain 
waa the heme of Uie coal-tar Indnatry, but tha Gcrmaiia 
took It At the end of 1912 Great Britain owed Gcr- 
many, $0,275,7711, for this alam of gooda 
For the flacal year ending June 80th, 1018, Gorman 
dyestuff factories declarsd and paid dlvldendi of 21,74 
per cant on torir capital atock; fw the temi ymr end¬ 
ing June SOtb, 1018, thoy di ' - - 

Iff 24418 per cent on their a 
the dyeotidr makara' dtrUonda warn fully 10 poCata 
ahead of the moiwl iMonwqMkidneimr division of the 
entire German dismieut tadnstry. In other wor^ the 
Gorman dye todaMiT la fsttlgg abaigar all tho time, 
not cUy nlaUrdy, but aetuaDy aa won. tog her omn- 


hcr; this Is Mown by iihs foot ttat 
rranm wars hU umu goiahlr and ■ 


• aceotmt e< the w, tinui «ui tUi emotty. 
n Mtta of iha Met that both eewffriM4dv« hraU the- 


factor, got cnlF Igr the Igutnllon' of iiMv bnl M ihab 
mamMatam, but«, ted has had to ^ ftn Qhrmaiy, 
Tn tomtHgtohM to ihh «n«ii|K'' 
i$ow “-r- rrn-^^ i [ i ti-ntf »i if i iiF iniim u 








U low p«lc« ud In Ugh qiMllly, over 
dUNnnt ebwriBtl prodneti, »nfh fllrtnot ft« 
otbtc, «Mk «>lttnt ter oq wzntn nudtutnn ud cIom 
and flknfUl NpnmilaB «( wdi itiii. Tba tnxtUe mak- 
•n coold ankt tbn pcoUtm > ■rent datl eater te tbe 
AMtana dteteil Mnatetm bp auUnf op a atate- 
Mot te te irbewlfal natnin ot aU dyea that they iwe, 
te aiHgnt SMd ansmlly of aach, and te BTaraie 
pckaa at wUeh tli« have ba« piifehaaliti than. 
BbMU It ted ton ont that te A a a rie a n teitUa nak- 
eta OonU ka aateded with, lay 400 ont of te 900 dyaa, 
It allbt tef wall bn that 200 of te aoo IntanaedUto 
prodaata woold ba anflelaat and that wonM raduca te 
dlflealty of te dyi nannfiietnraTB' prohlam by HO per 
eoit Thla la not an nnraawmabto expectation alnce 
MTta aotef hara bam abla to do rahtentlaUy all tbe 
ttnetocial week of te 80 dUtorent eolora OMcd In food 
cterlnc prior to their proUUtton by our Federal and 
8taia OoeemnmU The textile makera docllno abao- 
IntaU to cooperate e?eo to thla lUfbt extent. 

8erely eo n wred with te denand on ibo part of the 
textile auteie tet te ehemlnl nMirafaetarQiH Invent 
not lem than 10,000,000 and apend a year or two, or 
even more, In maUng te OUO dUIetont dyea end tbe 
roqidfed IntemiedlataB, te reqneMt on tbe behalf of 
cbcmloal makera tet te dye naan fomlah eenne de¬ 
pendable atatament aa to te actual coneomptlon, both 
aa to kind and amonnt, and te prloaa thereof, la a vary, 
very vanlaihlng quantity. The textile makera and (khet 
dyeatnS naan eonld prepare nieh a Hat at a total CMt 
to them of lana ten $1,000. It the uaera of dycatulla 
are ao rdaetant about thla tmall expenditure ot money 
and trooble In order to alinpllfy the dyo makcr'a prob¬ 
lem by ovar 00 per oeut, repreaenting mllUoua of dollari 
of ml money, the eoncinaion dooa not aeema to be 
whdly unjuattiled tet theee naen ot dyeatnffa have 
cried ont long befora tey were even hurt, and that tbe 
extant to which they are hurt U nut worth $1,000, for 
(he porpoee of aaoerUlnlng how vonditlona can ha reme¬ 
died. It la dlfflonlt, for mo, at any rale, to betleve that 
Hlnca te uaera of dyeetaffa In thla country will not go 
to tet alight expenoe, they ore vory aarloiuily hurt. It 
they are hart at all. 

Now te pnbiki at large haa a right to know what It 
would XMU to them to hare $10,000,000 worth of dye- 
atulta prodnoed In thla conntry; roughly it would coat 
urer $0/100,000 of capital and would not, at te very 
ontaMe, employ to exceed 7,000 people all told. In all 
dlvldona ot nunaCacturc, lale and diatrlbutlon of the 
dyea and te ueoeauary chcmloala therefor, and would 
rvanlt in a diminution of our Impart bualaen by only 
0.4 per cent 

I any In all aerloiiwieaa that thla agitation on te part 
ot our piem, and thla public clamoring tbit the chem¬ 
ical makera of thla country ohould at once make coal- 
tar dyea In thla country, la very much of a tempoat In 
a toa-pot, and I believe tet te preeentatlon juat given, 
la ample JnatlllcBtlon for tnyone'a taking te poaltlmi 
of “Itoubtlng Tbomoa.” I, at any rale, have come to 
te candnakm that U coal-tar dyaatnlfa niMl he made 
III thla oomitry, te uaefi of te coal-tar dyealulfa an 
the onea who ahonld foot te bill fur the venture; they 
Hhaald go ont and get te money, and they ahouM atand 
te lomea tet aro bound lo remit, alnce tbey are In a 
poalUon to abaorb tbooc looaei without anbatantlal harm 
to tbemaelveu Tailing tet, te public at large moat 
fbotteUIL 

The remedy tet aome of teee newapepera and other 
equally Ill-Informed peraoM anggeot la to alter the 
pidicy of our patent lawa by Introducing requlromenta 
for ooBtelaory working. That la, by tbua mdlctlly al¬ 
tering onr policy, we ere at once going to get a coal-tar 
4^ Indnitiy. 

IBB BBfTUR WOIKIKO OAUaB. 

Franon, in te mrly daya of te ooal-tar dye Indua- 
Ity, waa an Important flaelar In te invention and In the 
mantbetam of dyea; te nme with Great Britain; 
Trance hna alwaya had a draatlc WnrUng elanae; In 
UOr, On Britlih working elanw waa brought about at 
the tariatet agitation ot dyeatnS makora of Great 
Brttnlh, and tey piomM, ta effaot, to te Britlah pnb- 
Unthat If tet working cflanae wei« anactod into atatute. 
an Indapnpilmit Britlah oonl-tar dye Induotry would 
telng Bp at onen. Afte the law had been In opera¬ 
tion rix yean and a half and Gnat Britain eonM no 
hmgar deal with Oarmany, what waa te raraltT Waa 
Gnat Britain aUa to anpply Its own naada ot coal-tar 
drml Oiftalaly nob Waa Traneaf OectaJniy not 
Ifow, rinia naUW «t thtaa eountriei won nUe bo inp- 
Ptr |b$,4(rm$Bt neadn whM it omM no longer trade 
wttb flimuy. mn the ««4lai ttaon tba canw at 
tetMbtHMit ttnot, what wntf Owtalnlytewach- 
fog IfM M$ peenrabi that oondltiot from artring. 
U thnM(l*.wai^eiaBin foe limt, and pcMumably 
te hbdt dte-fok maaam amr fo fotaa attcami- 
fot te i i kl ^ ^f»l$ait'abaein>i» and nttacly falM 
fo t $«kfa,a caaMat dye lad» 

fo|^ ■!% !fo* anaUw dye foctmte 


of Ita own—each of them at one time or auotex mak¬ 
ing aome of thdr own Intermediate prMueta and come 
of tern at tlaua even exporting to Germany—If teoe 
live Britlah dye worka pliu the new Britlah worfcliig 
elanae could not produce the $6,000,000 worth of dyea a 
year that Great Britain lmi«Tted In 1912, and make 
temaelvea Independent of Germany, on what gronnda 
and by what eouiaa of reaaonlug hoa anybody te right 
to aaaume that If we were to put te Britlah working 
clauoe bodily on onr otatute-book, we would create a 
large coal-tar dye liHluatry, at once, or within sag rra- 
conable Umel 

In a paper enlltlod “Oanpulaory Worklog of Patento," 
written by Oliver Imrny ond Hugh TIetebrr MonHun, 
lioth of Tiondon, and read before te Internatlooal Aiwo- 
clatlan for the I’rotectlon of luduitrlal Property at ll« 
convention In London In June, 1012, tey mm up Ibe 
eSect of tbe Britlah working elauae aa followa: "The 
remlta allaiued are, therefore, Inflnltcalmally amall 
compared with tho large number of ozloMng iMlenta 
(100,000) even after deducting from thla number tbooc 
IMtenta which may be cunaldNi'd of minor Importance, 
and Ihin In Itself la an nliooluto proof of wbat a aiunll 
call there waa for thla very acriuua and draoltc 
alleratlou of tbo law, nii ollentlon practically admitted 
by all eonntriea from many yeara actual experience to 
he a mlotake" 

At the meeting of the Imperial Indnotrlea Club of 
Great Britain, April lat, 1014, tho eompoliory working 
of pafamta woe dlacuiaed. No one qieaklng In favor of 
tho 1007 Britlah Act named any opeclOc cnaea of any 
new Indnatrlea being brought to Greet Britain thereby. 
ThoM apeaking ngaliiHt tho Act referred to CHNe after 
CNK where fnrelgiieni revoked the BrlllHh polenta and 
then dumped foreigii-nuide guod* on Ibe Brlllnh mar¬ 
ket. Lord Moulton enld of thla British Act: “It la no 
use argnlug about legtalatlon ot that kind. U 1h self- 
condemned.” 

Thoaa who have spoken favorably ot thla BrlllHh Act 
with but one or two excepUons have colored tbelr atate- 
menta; for nxample, one new plant waa rcprcNcutcd aa 
employing 1.600 (leoiilc—^It employrd 87; another repro- 
aonted at 600 employeea, employe*! 60. There are no 
olHclat dgneea as to (he real eSect of thla Act; the only 
flgurea are thoae of real estate ageiita having land aiHl 
factoriea for aole; under thoae drcuniatoneea their foil 
from trntb Is nnderatnndnhle, but It does not brighten 
their etedlblHty. 

While tbe delmle wna on as to this Britlah working 
elauae te rosiest prcdlrilona were made, and I remem¬ 
ber dlatlnrily tet It wna promlaed that $000,000,000 of 
new capital would be brought Into Groat Britain on 
account of thla working elauae. ind that bnmireda of 
thouoanda of Britlah would receive fresh employment. 

Rhortly after the enactment of the Britlah working 
clauao there waa a conatdcrahle scramhle among noii- 
Britloh corporatlnna for opporlnnltles to work in Rag¬ 
land, and that was looked upon an n great cniiOrnintloii 
of the wonderful «*6lrienc.v «if that pnrtlriibir Act. 

After two years of full operation, snd under ilsIe of 
March 2Srd, 1011, the latndon Timn oaya: “.Some 6fty 
Anna bare couimeneed or are about to eoniineiK-o work 
under the Act, and the new foctories Invoivcti a total 
outlay of somo $4,000,000. It In hiqnal that employment 
will In this connecUon be found for 7,(KM) nddlUonnl 
men, and that tbe wages paid to them will lotal aomo- 
thlng like $4,000 per week. Among tbe new indnatries 
are metallic fllamont. rierirlc lomps, klnemnlograph 
fllmn, aniline dyes, mcrceriaed cotton, fmids and medi¬ 
cines, oxygen, clay glaic. Tbe foreign Orms prindpnlly 
represented are German and Amerienn." Tbnt Is, $4,- 
000,000 came in Instead of $000,000,000. For flfty Orms 
that mokea an average outlay of $li0,(l00 por Arm; Ibis 
la probably four times tbe truth, at that Tender date 
of Soptmber 261 h, 1014, te TivHIn Ifoss/ocfsrera 
Journal quotes as follows, on page 6, finm te TertUe 
Meroun/ ot UaiKbcstcr, England: “Opeuluga for Heto 
/tidastrlOf—A few yeoni ago everyono was full of hotw 
of Ibe foundation of new Induatries in onr mIdsL Tho 
occurion waa the paving of the Patents Aot of 1007, 
whleh, for a while, apprared to thieaten te validity of 
forrign-beld Britlah patents Unulripamies, dock, rail¬ 
way and estate compaafoi nw what they took to bn an 
opportunity, aad they went about to meet It They 
brniHd booiai and advertfoanebta In fortherance of tbe 
clolma of tbelr sltuadooa fo order to catch tbe eye ot 
eapltalteta who might riitertafo te Idea of iqienliig 
Rngllnb wocka For reaaoni Into which it Is nnneees- 
vry to enter, tbe ramilt from thase efforts wsa some¬ 
what dlMppolatfog. The act did not lead to the esteb- 
IlabmeBt of any taifa Btanber of new foctories on Brit¬ 
ish grumd, but te foots tet tbo ontlripatloaa existed 
and efferii wen made denrve to be rsnembefed at the 
present” $nialsver tbe esose, te foet Is that England 
t04lay eannet bhiIm and does not mafcs her own supply 
ofdyestqlh. 

Uth, 18$^ te Vmidmt vt teUfotsd Ifotan appeased 


an Act eompellbig all forrignon to work tbelr patents 
In the United States under penalty of autooutlc can¬ 
cellation. That Act was repealed July 4Ui, 1MS6; It died 
at tho tender age of three years, eleven montbo, and 
tweiily-two daya If It waa bod policy for na then, and 
exiierionce proved It to be, why should It be good prilcy 
fur us in 1010 to try the name thing over again 1 It 
has not worked In any of tbe Afty-olx countriea that 
have tried ttl Why should It be aucceuafnl after so 
many foilnrea under present conditions, and why should 
It be auccewful when IJie old condltliiiiH, under which 
It luNatUbly failed, returned? 

Another thing that muat not Ite liwt right of la that 
when we put such nn Aet upon our statute hooka we 
esiwee onnelves to rolallnlory mi-nHiimt, ond ri>Ulla- 
lion may take place Just aa (lerniaiiy and France rn- 
lallalod upon Orest Britain for Ihc working clause of 
1IMI7. 

Kmm the ]H)iidon 7'lme« of Miirrli 2.'ird, HIM, Just 
iiuoted. It Rppetin that l•e^nllllly wnu iiol the only couii- 
tr.v hit, Imt Ihnt we aiilTen'd with 11. 

The trauNplunlalloii of Ihe lasil-lsr il.ie liiiliisiry lo 
llie I'liltcd StnIrH Ih iioI n ipawlhpu of laileiil iirotcc- 
tlon; It Ih nothing lint nii (K-onomIe i|ueHllnn, n plain 
niiiltiT of iIolIiirH mid eeiilH; thuHo priMliiclH enn be 
iniidn In thla country If |H>tHoiis will buy llnam produria 
III a fair miiTgln of pmfll over the oohI of ilomerilo tto- 
(Iiii'llon, aiul rinee we know In advance Unit the mat of 
pruluclloli here will be ulMive cost of presinriion oIhp- 
where, plus any prevailing Import iliity, why should we 
go to the cosily venlnrc of -i|H-iiiIlng mllllous of dollsrs 
to prove the obvIonB? 

As a matter of fact, Ibe whole wnrliVs iiail-taT dye 
Pi-nsampllon Ih about enough to unike n ilecriit hIsciI 
liiirinesH for one country. Onllnnrlly ll Is best to do the 
world's work where 11 can he done Is-at mid to traiiM- 
port tbe liroducta from Ihelr place ot nianufnehire to 
their place of conauinpllon. If 11 Isj ncrcHfuiry for other 
nwsona that these produria riinuld be mnile elNewherc 
under CnndlliniiH ceononileally less fovoralilc, then Ihnw 
who wont lliose producls made nt such eennomk-ully 
iiiifHi-orable plsre Hhould h«ir Ihe burden, lint thiit Is 
preriscly what the dye users do nol wont lo do: they 
want someone else to fisit the bill. 

The texUlc makers sny Ihnt if they do not get those 
dyes, 2,000,1X10 people In Ibis eomitry will be thrown 
out of work, and In order lo prevent that, the chcinlrnl 
niminfneturers of this country must go down into Ihelr 
|as>ki>ls for mlllloiiK of ilnllnrH. Now. who liMught those 
•i.OiXl.IXlO people Into the rcxllle busliiess’ Who baa the 
luornl reapoiislldlUy ot keejilng those 2.000,(KX> people 
einplo)’edT Is It too niiieh lo ask Ihe lexllle maker to 
give up, sny 5 per cent of his prollls to keep hU word 
and live np to his moral ohllgntloiiH, or shimhl the 
eheiulNia of this couiilry fiirnlHli iiilllloiia of dollars to 
eiiBhle tho toxtile miikera lo keep their word with the 
iiiiikliig of whleh Ihe rheiuleiil miiiiufHetiin>r Is In no 
wise coiieerrcd? Is It isitrlotle lo ihadlne lo give up .6 
is>r cent ot .rour prolll In onler to keep 2.000,I«X) people 
ul work, for which 2,IXX),n(XI iieople yon nre morally, 
directly responslhle? Is II iiiipntrlulle to decline lo 
furnish millions ot dollars to aid In tho keeping of a 
pn>rolM> with whleh jon had iiolhhig whnlever (o do, 
sod from whoso keeping }ou have iiolhliig whnlever to 
gain? 

From an economle, n moral, or n patrlollc |iolnt of 
view, Ihc respoiisllilllty tor mid Ihe IlnaiU'Inl burden of 
making cool-lnr il.\es hi this eounlry reals wiunrely and 
solely upon Ihe users of dyesluirs, nnd In no wise, 
whatever, ri-sls upon the eheuilsls or tho makers of 
chemirals In this country. 

To bring Ihe mailer up squnndy befon- you let me 
rccnpltulate: Thi' l(l,l»« elienilHls In the I'nllcd Statist 
are engaged liipursnlls whleh nlfeet over l.ixal.ooo wiigu- 
earners, produce ovit $,'!,non,0(iO,(lll() worth of nmniifne- 
tured prodncla and adil f1,T25.ni«),ooo of value hy 
mannflirinre eaeh year; Ihe husInesH In prishiets of mid 
for chemical hnliislry la>lwi>eii Ihe United Slnliw and 
Germany alone In ini.'l pnivldcil 6 |ier eeni of our total 
foreign bmrtncHH and 1H.S jht cent of our hnlanco ot 
trade for that yeor. I'lcnse Issir In mind Unit I om not 
by any moniis attempting to clulm nil Ihe eretllt for 
thla for the chemist; nil that I ask Is that Ills claims 
to rccogullhm for Infelllgetit, artlve and effwllve col- 
laborallnn In bringing about those sluiH’iidous resnlte 
bo ikH throvm eshle ns worthlisiH, slid thni hi> ahull not 
be made tbe target of unjust trltlrlsm lassnise In 1014 
there was a shortage of alsnit $660,006 nr 7 per ecJit In 
mnl-tar dyes and licenusn isilUm dropissl from lA cents 
to 6 centn 

Miirb more could Isi said of Ihe chemist and his con- 
trlbuHon to the effoctlvc every-doy labor of this work- 
a-day world, but tfoic nnd space forbid. I om rare that 
IhU short sketch of the rhemlst’s srilvttleii, his hoiiew. 
hiN nlma. ond bis work will serve to create a wider In- 
tensit In him and will result In according to him the 
eredlt to wblrb ha la entitled, namely, that ho pulls 
more than Ua own weight fo onr natfoa'a boat 
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The Liberty Bell and Diseases of Metals* 

How Re-melting, Unscientific Methods and Mixtures Have Injured the Relic 



Tni liberty Boll li lufferioK from the dimue o( 
metal*. Thia hea been clearly brought to the attontlon 
Ilf the publlo by the reoent alrenuiiui agilatluii to iibtaiu 
PVnnladon for it* removal to the t*atiaraa<PBnfl« In- 
temathmal Expoeition at flan Vrauciaco. The (act that 
the bell hM been tmwportod aomal timna to varioui 
oxpoxltioiia baa lent oourage to the egltalnra. 

OppunenU of ita removal from Indepondcnco Hall, 
Philadelphia, oontend that if tho bell la to bo proaorved 
intaot aa a acml rolio, it ia almoullol.v nooeaaary that it 
ahould be aafeguardod aa far aa poaaible from all vibra¬ 
tion; that It haa droady aulTurvd lireparatilo injury from 
previoua Joumeya to New Urieana In 18R5. to Chicago 
in Itna, to Atlanta in IMOTi, to Chaiieaton in 1902, to 
Boafam In 1003 and to Ht. Louia in 1004. 

In 1009 when the dty ooonofl of Pbiladelpbia aoemed 
determined to aend the bell to Seattle, Waah., thoae 
oppoaed aought expert metallurgical advice, for it had 
been observed that, In addition to the old vortioal crack, 
a new oraok had developod in oomiiaraUvely recent 
years, atarling from tlie top of the old crack exteniling 
diagonally around the uppor portion of the bcdl, more than 
a quarter of ita oiiaumfereiioe. At flrat this new oraek 
could only bo seen by the aid of a magnifying idaaa, but 
It ia now plainly visible to the naked eye, as indicated by 
the dotted line In tJie illustration. The curator of the 
museum where the bell rests applied to the Franklin 
Institute for an expert opinion aa to the new eraek and 
he was referred to Alemder R. Outerbridge, Jr., of 
Phfladelphla, a metalluigiat of diaUnoUon. The result 
of Mr. Outarbtidge’a inveatigatton then was that the bell 
was kept at homo. Hia reoonunendatlon, that It be 
support on four padded stllta to relieve the strain 
which WBi gradually pulUng tha bell while hanging 
from the yoke, was adopM with benefloUl reaulta and 
to the aaliafactioa of many. 

Vigorous protuela were voicod early in February when 
it became known that various Philadelphia ooundlmen 
were planning to introdnoe Into the municipal le^ 
lative bodies a bill to aend tho bell to the Panama Expo¬ 
sition. Aa In formtf trips thia exomaion, it was oon- 
tonded, would again afford a duU^tful trip of a few 
offloiala to the fair at the expense of tho (d^. Through 
tho efforts of the Daughten of the Amertean Revolution, 
Mr. Outerbridge waa again brought into tho eonteat, 
und he submitted an expert opinMn on the present 
condition of the bell and against ita removaL ExtameU 
from thia Inhnstlng report are aa follows: 

it ia no hyperbolical flguio of speeeh to aay that the 
venerated Liberty Bell ia aflliotad with a aerioua disease. 
Metallurgists have adopted Into their technleal phnao- 
ulogy the term ‘'diaeaaes of metals," and recogniae 
several wwh maladlea. I, myielf, have no hesitation 


in saying that tha bell ha* a distemper whieh ahonld 
insure ita most oareful praaervaticHi from all aboeka loeh 
•a It would be aubieoted to in a long Journey. It is 
only neceanry to take a brief idanoe at the hialotyof 
tho boll to undentand the osMiae of thia malady, 
ru mar oaermo or tbb asu,. 

The bril waa fltet east ia London by one Thomas 
Lester on the order of three eminent man, Ismo Norris, 
Thomas Leech and Edward Warner, then auperisteii- 
denta of tho State House. It arrived ia Philadelphia in 
1753, and was tested in August of that year. Mr. 
Norris states; “It waa oraoked by the ttiokeof the dapper 
without any other violence, aa It waa hnng up to try 
the sound. . . . When w« broke up tha matal our 
judges have generally agreed It was too high sad brittla. 
We oonduded to aend it back by CupUin Budden, 
but he oouM not taka it on board, upon whiob two in¬ 
genious workmen undertook to cast It beta, and I am 
just now Infmrmed they have thia day openad the mold 
and have gut a good bell, whieh, I eonfeaa p l eaaea me 
very muoh." Mr. Norria further states that In wdsr 
to toughen the aSoy, which was avldsnUy too brittle, 
about 10 per cent of copper waa added to the metal 
of the orighial beQ when le-melting it. In a subsequont 
letter to the eolonial agent in Loudon, Mr. Norris wrote; 
"After it waa hung in ita place it wm found to oontalii 
loo much oopper, and Pass A Stow, tha workman, were 
so teased with the witUdsns of the town that they 
asked permission to oast It over again.” Mr. Lastar 
alM offered to make anothar ball, takiiig baek tha metal 
of the defective one In part payment, but It was daddsd 
to give Pass ft Stow, who, by tha way, are said not to 
have been belMoonden by trade at a^ anotiier ehanee. 

They re-cast the ball, adding, without doubt, a 
quantity of tin to restore the tone which (he eaceas of 
copper had entirely deetroyed. The third bell proved to 
have a bkdi eonorous quah^, and Pam ft Stow were 
then paid £60 13a. Sd. («3«1.36) for their labor. It ia 
probablo that Uie effort made to increase the xewnanee 
waa overdone, (or bitter oon^Uinta apiost tha loud 
and harih elamor wen made to tha Aaaanibly. One 
petirion, ilgnad by "divan Inhatdtanto,” oomp U h n that 
they wen much dis tw mad by firaquant rla^ ef tha 
great beU, "and beg to be rdtavad hom tUs dangerona 
inoonvanienoe, exaept at the time of the maeliiig of tha 
Honorable Aiaembly and of the Courta of Juritoe." 

We have no reeord of fta final eonporition of matala 
employed by Pam ft Stow, but w* do know that they 
rauet have used at leaat two dosan of tha tergeat eneiblis 
or mritlng-|iota then known, in order to malt more (hah 
2,000 pounds of matal requind. Under toaaa riieam- 
itaneae, the assliiic eannot poaribiy hava baaa of huB»> 
geneons eompoeUtou, and (ha baO waa, thantah lab- 
Jeet to ahnonnal torinkica and oooitaff atatoni, irUak 


tha d^ppm waa mnflad in tdUng a aolana dbga Oh tha 
n ceai l o n of tha fuMtal aolmnidtiM of tha lint (AM 
Justioa of the Supreow Court of too Unitad Btatas, Jdu 
MarahalL 

Had (ha bd baaa aUnred to mala at rmt after tha 
diseaaa bad thua ihown Uailf ia a gnat crack cctaadlng 
abont two-tUrds of tha dtataaoa bon tha 1^ to tha 
top (bring acToatod by the aoawwhat tWatar matal of 
tha word "PhiladalpMa"), the now and nun daagaroaa 
eraek mwtmrMw^ around the bdl bun tha 

letter "P" in Philadelphia to beyond the latter ”T” in 
“liberty," would probably not havo oee ui tod, (or it 
was nsver obaervad until afte tha ball bad made a num¬ 
ber of pertpatotio tripe around tha country, moortad by 
city (sthm and poUownan. 

Shiluna bran oraeUiic oven of tha beat quality of 
“Oovenuneut btonaa" caariags, made onder euefnl 
lupervirion an by no means unlmown to-day, and It is 
not at an aorprising that oor vegwated IJbirty Bril, 
kostof pacssd ikrse Hmu Ikretifk Ik* MriNnf poto and 
bavliv basil “doatond" bj amataurs in mat*]*, riwuld 
itin havo traon remaining of tha dtosam which eaoaad 
ita decay more than a aentnry ago, and it bahoovea ua, 
thsMora, to guard thia pnetons laUo against aU avoidr 
aUa rlaks in tha futon for tha mha of ganarattona yot 

lu eonrinrion, I wish to offor in bshaH of foture 
genmatloiia a waning to oor pnaent eity fMhms that 
if they pan a bin to tend the liberty Bril to tha Panama 
Bi^aritiaii lor "tha edUoiitoa and inaidratton of the 
natton," they an Invltiiig diaastan that may bring 
upon them anatiumaa iastaad of pralma of tha pceaaat 
generation aa weO as of aU future ritisens. Bather 
dmold they pam a bU ptohiblling removal In the future 
of the ball bran ita peMefnl reettarphee in Ita proper 
home, Indopendenoe HaU. 

The Deoghtan of tha Amatieaa RevoltttlDn ware 
oonsulting eounsel with a view to geMng out an lajnne- 
tion in ease the eounen passed the propoaed bOL On 
account of tUs report of Mr. Outafaridge the bDl was 
not preosntod to aonnoOs, as eontcmplatod, on Febinaiy 
4th, and it Is prohaUe the bdl will remain in Ita proper 
reeting place. 

The abatreota of Mr. OutmWdge’s repwt that wen 
jwinted fai the Fhlladalphla daUy pspars lupbad several 
inquirim from hfan as to the disease of metals, In reply 
to than Mr. Outecfarldge, who eonriders tha tarn an 
aooepted on* in metaOnrgieal idmaeology and arienoe, 
poblialiad tha (bHowing eommniilaation in tha daily 
papers; 

"Reoantly ux abstract of a repor t I made at the ra- 
quest of w msmba of tha PhUadalphia braneh of tha 
Dan^tara of Ametiean Ravolation on the pn m n t oon- 
dltion of the liberty Bril oontainlng the foregoing 
phrase Hipeand in the PMie Icdfa and otha daily 
p^Nts. SlnM then I have received several Inquiries 
regsrdinc this statemnit, wbleh appasn (aiMtfiil, if not 
absurd, to permns who maintain that tome is a dadnlte 
boundary lina, betwan dvltic and nmJiviag matter. 
Without ontming into any atfumant on tUi debatahla 
toida, 1 wish merely to trier tuah doubtan to tha huoua 
‘Faraday leetan' dslhrend by tha aaltbratad Prof. Emit 
eUwn, of Utnoht, on (ha Tin PWt,’ baton the Boyal 
Bodety, London, in Aogost, 1911, and nportod In (nil, 
with unmeroiH mnitrattona, la (ha Moshaniml Bnffoasr, 
April Idth, 1913, Boimuio Annnuii Bomnonrand 
other taehnieal ’pertodtcala. 

"manan or mi. 

••BntbmrtHt, Umdoii. Movenbar 8d, 1911, aaotalna 
a long editorial tavtow of tUi martaUe addm in 
wUeh it tri«a to tha (aot that the main (beta of tha daeay 
of the matal tin wme known half a eegtary ago. ‘BttU 
mann notieed in.USl that aosna oegan pipaa fat tha aastla 
ohureh of IWta (Fnarian Banmff) ireca dssaytng; he 
> thought that tha oone u mieaa to wbleh tha pi^ ware 
•objaet mMit, imdm etttain aondltlona, eanaa a m»- 

‘‘Bribaebri to PM. Oohan's nadeni raaaamhaa OB tha 
ahangm tokiiig plaas in pure tin boaa tha btiUaat 
normal eoadMonri tha matal to a gmy penrdm wkn 

■Eviiy paa t leli of gray tin baeomaa a aantak tor the 
tonai^ of atara pay tin; too tmariatnatta bdranaes 
very rianly.lii Aa d«as mitol, but eaeh pnhleti of gmy 
tin asto Bb Aa gn ef a dhsHi, bad in Mb snaa It 
may bo aaU tM As IA ia Wietol. arid AM a tin Is 
HahletoAlaetMerlAAoiAdkrittoarriBpsak AAa 
aoU iriMaa of ansabata Andan^ at tA AtaMton to 
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uwriWy wd lUi rnv mm dtatut h pnmlaat’ alHiBdutly aomlwntad by miMBt MtbontiM on nLeving Um ttniiia Ihe biinefloi*! effeot »«yi Mr 
«lb «lM dtaMMrioB foBonriac te addm tm oT the nwtdi m Boreiw Outerbndge «u won nppuent in n pwtinl okMinc of 

aooit iwtoBBt Iw^ Hhn Urti , ^ hnr* oooMbiitM _ _ _ arm or la-iuuma oomu. theanuik Bhoold it bs icmd wot on a mItomI journey 

guidt knowltdlt tboul dia nolMiilar ■tmeton of iiwtali In furihec nbftantiaUon^of tbU theoiy Mr Outer* aonia the oontinent it la by no meana unlikely that it 

thfDmh ttiir otigtaal gom wh w (Fnf l«ii« and bndga iiya that anea vritans the above he haa teen a would arrive there in two pieoea 

J)(MtorBeMBMBi),TrftRadte'ttiaindlHaaaao(BMtaU,' iqort of tarta made in teindt>ii« pore eojqier aevenl On Fobiuary Uth the vou« of tho beU waa oonveyod 
and rm. Oobtn arid in liVly litat ha had porpoatiy tunaa nndar enndul oonditiona With eaoh melting the by teIepbonlo,oinniunioationuverl3 600mileBorooppor 

net fahtaad to ‘Aain d i aaae a a * In eider to avmd eoo* metal loat laifaiy in tenaU atoength nahenoe etc wire bom I>biladelphia to Ban hianouLo 3400 miha 

fgiloB l^*” t riin g taata thawed toaa of over CO p« cent from three It waa the lint round that journeyed aoroat the antira 

“Thaforageliicbtiafrafroaiteaewmaiiffleetoahowthat melttaga The laberty Bell waa recaat three tunea length of thu w ntinLnt and it wu the llrat time that the 
my ttatfmtnt that ‘matalhirgmta have adopted into thmr Kariy In April laat year fonr additional nipporU wen annent bdl haa ptoled offloiaUy Mnxe it n tykri tniUn g 
taehBlaal ph r anohny the tm dia eaam of matala u planed m the eaae in whioh the bdl now reate furthm the death of Chief Juatioe Manhall 80 yeara ago 

The Lincoln Beachey Monoplane 

Details of a G)mposite Design That Failed From Weakness 

Lnooui Bnianr, the daring avlatar who roGontly Antoinette Nteoport, D^ierdnaeii and Btrlch foe with S foot chord, and total cffccllTe aurface at lio 
loat Ua Ota whan parfOnaing at Ban Frandaco throogh tuna ie deacrihed by Piol J ralmer In Ainmft aa njuara feet The plane ehape la eOltlci t and gliwi a 
the collapelng of the wtnge pt hla monoplane, had up to followa (thla deaciiptlin wut wrlthu a me Hmi I tf rt reiy blrdllkt appearance when lu flight Iho mvUoii 
the praaent aeaaon naad biplane maUauea exUualTely the accident) lu calcnlnu I from late N P r data and eh ul I give 

tor all of hla arhiidtlon work. Thla yaar ha brought Span over tU oUenma Included 27 feet 0 biches great qieed iho camber of the accUou Ie 1 Inch on 
out a Bwntgitana of Me own deelin which waa bnllt for ectnal wing epan, 28 feet « Incbea height over nil R bottom and Inches on top the ent ring edge being 
him by W 8. Heton of San Frandaeo In which the feet length over all, 18 teet diord of main planea 0 tumid up a trifle d la Nleuiiort 

primary ohjeete wen to prodooe a mac blne that could feet effective hltUng lurfaee 110 ayuaro feet Height The conatnictlon and woricmanahlp la boaullful t 

be rapidly ataamhiad and knocked down for oonven itfit, 010^ pounds, angle of incidence tor beat speed behold and tolloHa general monoplane practice Sj rare 
lance In hie wthlMtion work, and also to miabte him 0 degree to % degne for bent climbing B degrees Iv nacd aa the chief material of conatructlon The rlls 
owing to Ite extreme Ughtnesi to climb very rapidly horaa-power 80 GnOme throat 600 pounds 7 feet 0 are bnllf ui with airoce rill ends nnd a cutout wood 

and aimoat vartlcnlly In hla anxiety to aecun diaaa iochei by 7 feet 4 Inchea i Itch propeller speed mini flllcr I r d out to lighten Phe main rlbe are spaced 

feataias It la evUent that too much atieagth waa aaerl mum, 46 mllea per hour maxlmnm 100 110 miles per un lU ti ch centers and half way between these main 

floed, with the total rwolt abova noted. This new ma honr g^dlug angle 1 In 6 to 1 In 8 ilte ate placed nnod siripa ninnliig fr m entering to 

chine which le mOd to be a eort of eoaglomonitlon of Ihe main plane la In two aectlona each 12 fx t 1 11 . tnillliig edges ll eii half way between the ribbau I and 
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Uw main rib Is placal a “Inlie'' rib estradlns from the (usplage to ttasMd with (Sbla. Tks ton part of tha cbu paa M s Tkto nAton <Aa wafe« «< «ltll pakl ls 

front spar to the ciiu>rliiK eilKe. Tbto utrcuKtheni tha faselaRe to covered with sheet elnffliiilnm with a «s- be ‘Imaked* anMnd the aoohtqr, eavend aflarab ep 

"iKwe" aud haliw keep the coveriiiR tuuL Tlia Himre are dally shaped “hood" covarlna the UdObm motor which etovetor flapa, whichever yoh want to pot It, iiAaiac .le 

gpruee 1-beama. tuiwr loward the outer eiiil, and ore to noted for the idl shower “bawth" It itvos to the per- nwha npelra. 

spaced 2 feet lU Inches aistri. The entering edge, 7H sonsRcs "astern'' of her. The ahualnliim hood rails AIImnws and elovatw flaps an weaUrepeentiWeal la 
Inches In front of Hat front s|iur. to of wissl, while the beck and forms a anuill cockpit tor the pilot The shane, with nnndtd soda. TiMp an aadi I flat B 

trailing edge, 1 fcsd ll<4 Inc-lieH luiel of rear siwr, to uf iillot'a head will Jnst appear above the rtm of the cock- Inchae chard, by 4 tost <■ attaohlag edga^ and • flHt • 

steel tuUiig, Aive where the nllerons aiiseh, which to pit. I’addtng to idaoed arennd tha coanlBt to paatset Inebca on tnlUnfl edge. Tha afltaetlva ana of awk idflaa 

of wwsL The eoverlna to Irish linen, “du[ii<d" with the pilut In nse of rather "ludden" eeaaatlon of for- to atomt 8 sqnara feat Tha allarais an operated stastt- 

ChrlstotfcrMiii siirrneliiK niriiish which glviM a line wuni luotloiL The airman's seat to 0 Inehas above the tannunsly hjr means of the Oarttos ihonUefTalu, tha 

tight KioHsy siii'fiiee. The |iiiiiies im- liiu-rnnily wireil Hisir, with the ftiut nst right back of tha Ondma bed- control wlras ronulng throagb tablng placed toaMa tha 

with sled nilile, mill lire fnsieiied lu ilu- fiiseiuge liy pluie. A small wludahlefal fitted with eellnlold "light'’ main ptoaaa, and’paiadnff anaad pallet Tha alavaton 

nieniiH of quick iletiielinhlL- elniuiis deslKiiisI by Air. to pul on lu lielp ont lu landing and to protect from tha an controlled by the back-and-forth morament of the 

Muluii. Tha Iiluiia ku> v%lreH, IoIhI iiuoito-r uf eight, arc wind prcsanra atocrlng colnmn. 

eilra heiivy ntivl cnble. mill run lu a enimiiu nr loluu Tlw landing device to a three-wheeled tfPe, fitted The rudder to 3 feet 6 Inefaea by 3 feet 6 tneheo. With 

uii (up to iiio lauding ehiiKsis on ihe toiiionL .Vo dllic- with 211-iiich by d-liM-h tIreM. The wheela an et^weially an area of aboat T aqiian toet, operated by thb wbaal, 

ilral HiiKic or “oft" h1o|h> to given lo Ihe plHiies, for Mr. coiiidructed tu cut duwn rcalataiK-c. The rear wbeeU on steering colnmn. 

Iteechcy ducsu't wnnl ii vtiililllly" nniehinc. ho waiiU nre spaced fi feet atart, while (he front wheel to 3 bet The sUbUlser to In two aectlons, eaob 8 bat 4 Inchas 
suuiethlug Unit he <iin pliiee In iiiiy lamliloii with no 10 liiclsw in ndvaiiee iit (be rear uncH atcel stream- by 2 feet, with an area of about 13 aqoan teat, tetaL 
euiiiilenictliig lonileiieles un Ihe jinrl uf the ptoiie. lined seiMrators and struts are usr«l to attach to the Tliey are sttached to tbe fuselage by epeda] eUpa, Tha 

Tb» fiiseliige pro|N-r to I'.' fis-t U liieheH lung, 2 feet fiu«-lage as shown lu drawings. The chmeds acts ns tbe Mectlnii Is Ihe mme as the main surbea, pcopordonally 

3 liM'hiM ilisqi, nnil 2 feel 3 liieheH wide, tais-rliiK as "pyloiT' fur the lower ptouo guys. Altogether, the redneed. 

nIiowii 111 driiwliigs The Ihiiiiih Iii|nt luword the rear, ehnssls Is u stnuig, simple, and very iiaiiwet arrange- Tbe pownr cqnlinnent consista of an 80 ho n e-power 
mid nil slriiiN iiru streiimlliiisl In nine Hr. liearhey de- luent. Moiinsanppa Ondme motor, direct coiinaeted to a 7-fnot 

slri'H lu reiiiu\e the i<u\erliig for heller imineurcrlng 1'lie control planes are a marrel of coustrnctlve art P-Lis-h illsmeter, by T-Amt 4-lnch pitch propeller, which 

iililllly. 'J'ho llrst lu>er to liiillt In two sect lulls, which Sleet tubing to usnt for the onter cdgcM, with spruce ribs n;vul«*rH at ahniit 1,201) nrolnttoni pw mlnate. The 
mv s fiei mill n re«>l P Inches lung, each, buck and front, uml utliiching Mlgi-. They are snllilly gayed wllli (uhle. monntliig to a special conetroctod bed-plato, betened 
n>s]Ns-llvely. The cnnneelliinN iit Iho joint arc designed Mr. lleiiehoy to "heavy" on elandardiiatlou, and cousa- seeutely In tbe fuselage. Ihe fuel tauk to placed under 
fnr ipilek deliichliiK mill nre extremely sirung. The i|uently Ihe aHeniha and dovailiig planes an Inter IIh> "cowl'' und to torn fed to the ‘toiUer." 


Gyrostats and Their Lessons 

Studies of Various Forms of Apparatus 

IsiHD Katvia's work was so eumiireheiislrc and many- iho ninluoxco. Tbe main principle of this last has been elfcctcd by mlsitltnting a large wheel with a grooved 
Hided that It to dltllciill In guin sn uduiuate ooiieuptlon Illustrated times out of number by the phenomena ex- rim, on which tbe cord waa wound as It waa dnwn 
of Its uolilo pmiKirtlous anil varied charucier. It to like hlbltcd by an ordinary lop, when npiin by a cunning throngfa the gytoaUL Vow, of flonne, an electrla motor 
s mountain that presenta many usiivcls ua It to ap- iiand. giving rise to tho "sloiqilng” feature, and Ihe to the only method In nao. 

piuHclicd burn dllTcrciit dlrccllinis, mid evurywhere rolethm of the axis of figure about the vertical. Isird When tbe gyrostat to apnn eneeeasfnily Its peenllar 
biwvrs ubuve the neurcr ulijwts Uuil ut llmue iulurcept Keivtii wcuC oue step farther lu hie mechanical strange- motions can be well stndled by euBpemllng It (ram a 
the view. In the Kelvin lis-liircs wc liiivii tbe uiipor- niciit and made his gtobo actually prcccM by weighting cord attached to the rim, and bangliig a weight to the 

(unity of studying hoiuc uiic iisisi't ut IiIn tcuchlng und it with a pin prujertiiig from tbe north pole, aud roll- part of the case eurroundliig the axle. In ench a posl- 

gviilus, und Ilf correcting uni intotukcs In |s>rsiiectlve ing round a ring, tbua maldng a tiarrow cone fixed In tion tbe axla of spinning remains horliuito]. and at tho 

that forget fulness may liiivc Inirisluccd. rnif. Andrew die earth roll lu tbe inside of a cone fixed in space- same time tnnu round In g borlaoutg) plane. Strictly, 
dray, Kli.S., uu utd pii|ill mid culliiliuriitor, selected TtiHirellcally the subject was carried many stepa tar- tbe axis alternaUily demieiids sUifiitly below and rises 
fui Ibc sUlb cuuiuiuiuiiriillve Ivcliire, dclliered by him ihor. for llic iilsicrvcd phennmena. correctly Interpreted, slightly above the horlxontal, bat a true boriioatal mo¬ 
on Urn 28Ui ultimo, I lie suhjwt o£ gjrusUtIcs, one that could possibly throw Ught on the Internal etroctore of lion can be maluUlued by properly atsrtlng tha gyro- 

apis-ulcd tu Isjrd Kelvin, both on iiixuuiit uf the Inge- Hn- earth. In l.sdS Kelvin had decided that the ob- slut In the axlmatbil motion, and then leaving It to 

iiiilly of Iho uiicluinli'ul ik-vlccs li,v which he lllustruted mtiisI effects of prccivislon were Incomiiatlble with an llself. Tbto ailmDthal moUoo of tbe axis Is tha char- 
It und the iHimiilelcniiM uf the llieorollcal expluuntiuns InieriiHlIy liquid earth. Klimm Newcomb, however, sug- nrtertotic precearioual arotlon of the gyrostat If tbe 
he WHS able to provide. Ki-steil lo him tlmt viscosity might make tbe earth be- flywheel Is set with Its axto not horliontal, but Inclined 

At Uiu oiilsel, the uudleiwe were rciulndisl of u pruml- luive ns If It were rigid tbruughout This suggestlou to tbe vertical. It bos a preoesMoiial motion, to which 
iieiit fuHluru Unit nut JnfreiiueiiU) cliiimclerlised tho eoiihl not to> lightly thrown astde, but as a direct cause tbe axis moves In n cone ronnd tha vertienL The pecu- 
Ivcliires uf the great pliislrtot; lio would to'cmue so vtMHsiUy to tiiadmlndble. Indirectly, however. It Is Hnr liehavlor of tbe sxls Is often eonoldared, by tboae 
keenly iibsurto-d In Ihe to-lmvlor of lito upisiriilUH, I hut elIccUre. for so far us precession affonls n truslworthy iiniiciiaalDted with tbe effect of torqnee or conpUm, es 
lo bis watchful eji-M lohl Us tale so tlioroughly und Index, rolntlon would Induce tbe necessary rigidity In iiiicnnuy, and beyond ordinary comprdienalon. Bnt In 
clearly, that ho wiih iipl to forget that Ills clsss ins-dcd mi Internally tluld earth and make the axto move as lu tbe inrtlcnlnr case of horlsontallty, axperlment will 
Muniu dyiiaiiilcul exiiliinalloii to enable Ihem to under a willd glolH*. The coucliisloii at which Isirii Kelvin give a cine to tbe exptonatlon. It Is easily peroelved 
Nimid tliu riirluiiN evuliKluiis ilicy iK-held. Tliiwe who nirUcd was that, It tho clllptlrlty wore not lisi small, that an attempt to retard the preceaulonal motton makee 
wero Hiruiig enough lu fnlluw Ihe Lhuiight uf ilie master, the shell would not have more prcccsaloii timn the the uxto ilcsceiid, and to aocelento It makes the axis 
to hridge Iho hiatus, mid (o work out Ihe iirobleius he ili|nUI. iiwt lliut the compoend rotating mass wonid rtov, or that the luiriiuiitaUty of the axla depends on 

Hiiggi'Hleil, were, lieweM-r, ilie giiliii-i'H In ..ill, for It have seiuillily the snioi- prceesMionol motion ns If 11 were the freedom of the gyrostat lo preceaa at a certain dell- 

ls pKsI for II sludeiiL lo hiiM- Ills eiirloslly Hriiiiiiliilisl u single rigid Issly. A fresh rrUerluii to ilcetde tile trnc iille rate, depending. In fact, on tha couple, appUod by 
mill to tic ciiiiiiiellisl 10 ihiil 11 snilsrneliir} soliilloii for i-hiinicter of Ilie earth's Interior had to Is- found, ond the weight of the gyroetut acting downward tfud the 
hlnisrlt lids was supplied by the aolur semi annual, and fort- pull uf the string nclliig upward, and on the angnlar 

'J'hc first iilli'inpt or e\|s>rliiieiil to arouse iitleiitlon nightly lunar, iintnllons whleh would Is- inateriiilly af- iiioiueiitiim of the fiywhocl. Tlie mathematical theory 
mill pruinige lni|ulr}, ns Ihe sliiiplesi, was ilirceted to fis-ted by a isisHilile liitenmlly lii|nld earth. Uufor- to isit difficult lo follow, bnt uu Lord Kelvin thonght 
llluslraliug the truth of the oft-iiiiutHl foriuulu, "Hurry tiiinitely. tbe iiumerleal CM-IUelents of tlmie terms In the that the true value of the espertmeut conolstatl In ex¬ 
on ibe pracusHion and the tosly rises In upiswUliui lo geiienil uiitntlonal theory are small. cPIng Iho cariosity of the stodents and In awakening 

gravlly,” though It luiiy be said here Hint Inter In Ihe The examination of this and similar qocatlmis led to the desire to trace the rensona tor tbe appaiant anoai- 

Ivclurc l*rof. tJrny showed I hut I his stntenivut iienlvtl much work on liquid gyrostata, but before describing alona liehavlor of the inatrament, we will leave tbe 

qimllllcutlon. A solid block of wood, whoso aiirfan* ihn| lj|ie It will be well to follow Prof. Qray In Ms problem with this bint 

nmy bo Imagined us guiicralcil by the reioliitlnu ot an ilbcusslnn of the ordinary mdid form, IndlCBling the Tt U, however, Important to note, ilnee it may be 
ellipse about Its major oils, was made to spin rapidly improveiueiils that hovo been made In Its comdroetlon. ovarlonked by the dlselidliMd, that tbara are two poa- 
about a minimum diameter. Tills bka-k, ut rest, to In 'niongh everything tint rotates may tm called n gyro- slble p rwc srional muttou tor the aplii and tha 
Htablo equillbriiiin. when lis shorter axis Is vertical, but star, Ibe terra Is nsunlly limited to disks of metal ratal- same InclliiaHon of the axla ot apto to the vartlfial, 
iiiiilcr Ihe lotliieiire of rolntlon to slable when iIh> longer Ing ihi sii axto aud carrying a raassirc rtm so as to lislltsted In tbe theory by the two roots of a qaodratle. 
iixto to upright. It is n very n-inarkublo n-siili, for Iho Incrense ns far as pmotble the moment of Inertia. Tho One la large, the other BBtlL Oner (gltad hy Lord 
ceuler of gravlly lins been raised and the isinlllbrlum flywheel, resulting from such an arrangcaient, la Kvdvln “adynaoihv’* does not depend npoa appHed 
Is stable. 'Jlie spin liiiH ulU-ivil the coniUibiiiH of oiiilllb- mounted In a cylliidrinil ease, with extamdims tocloatoff foreaa; the other, called ‘T UD caa M Wifll,’* dooB, "Tha 
rlum completely. 'The puxxle tu Iho niilustrncted be- tlic axis, tor which they are provided with bsarlnga at igatlen Is one of small oacUlation about ttw atoady too- 
cornea more acute when ilic cxpi'rLiiwiil Is caiieatoil with ilw ends. In the older form these bearings were cm*. Uou, which Is cbaraetertaed by alow praeaaaloB. . . , 

iKKH, boiled and unliulleiL Tim difference of behavior In which tbe rounded poIntH of the axle ran. Tbla the other mottoa of the axla In the — eima la oua of 

luia bccB a myatcry to many an uudlonce, and probably niraiigcment to defective. If the gyroaUt baa to be lub- much gniater pcecaaloiml oogator apood ... the 
will cuiiiliiue a miputor cx|icrlmeut. ilil, aa Prof. Gray jistcd to rough uauge. In tbe Improved form ball- pofnitor axpoalttotts vrUdi I have Been of gyroatoUe 
hluta, hens loy eggs oblate In ahape. 'ilie unboiled egg, lamriiiga are sraplayed. dMigoed to raotot eonstdaraMa aisody uMtloa aa a rule Ignore thla asoond pmalhla w- 
uf Ihe iiHunl prolate form, will make no effort to rtoe slnmks and stressea wltbont denngsinant. With a care- tlmi." Fret, Gray peduta oat that tha bald ndlh fist 
on ita end and aplu about Ua longer axis, and tha laa- fully made Inatnimeot, Prof. Gray itatoi, Hie ravohi- eawliig a rhtgHng body to riaa faff horiTtoff tito 'Vniem- 
son was iKilnted out by Collu Maclaurlu two hundred tkma will nnmber avoOO per minute, ami the flywheel ohm to tna Only d( the alowar, mare rwiaiflmiiuM paw 
yarn ago. when be first demonstrated the laws that will he found rotating rapUly after a tapoe of tody- OMtoa For the pNNaoloD et gfeetor atoptor qMtod, 
govern' the imssiiiliity of spinuliig MUpsolihil maaaea of fire minnice. OHlng, too, glvea Uttla troobto Tha tb» rsvnaa nda hotda good. TUa gflaUMUB torn net 
Ibioid. To Isird Kelvin the aplnnlng egg was a modal process of spinning has, tikawtoa; nndtiaoiw giwit yat fomd Ha way^into Oa lart-bo^ and, HiaihlllltaL 
of tbe eanh, Mugneatliig an lollulty of probtoms con- cliangcs. In Lord KaMa'h day, a hmg cord waa laid no maatMa to miuk at the pgftleqlar MM l)d % 

nectad wlili the geiMata of onr planei, the moUon of aliaig tbe floor and an aHandant ran away with tta aantal npti Mwto te pweia^d M U. flfttMr Ifl 

tides, the rigidity uf tha enmt, and tha preeaarioa of free end aa biid aa ha esnld. An (mpnmanant «M inihiltok gfld’ ttOf Or dWT 4* 41 u- 
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tt iMi U »>ni[p>ll «tat U tiM matat 
«t «livttgir of tW CTiMtat la allow tto pedM of nppart, 
mMnd M Hw of tta uli, tta two pnnMtnnil 
■odoB* an ia tbm turn anwtlqa; tt tka oeater at 
ffifltjr to bttow tto-MiBect to onmalto dlnettou; 
tto toitar aotloa rlrniigr- ttga to paMtog toroagb an 
iDtotto valM, wtoa tto uto to tortoontaL 

LoCKttTlit daUahtea to moca eoapUeatad tonu of 
g^KMtot, at III lonw to wktoh addUioMl maciiaaUMB 
lent gMtar ompUeatliiiia A fiiTorlta cantrlTance was 
one ttat dammatmtad tbat an nnatakle ananaamant 
oaa to atablUiad tqr apliiiitog. it eonttotad uf a gjro- 
atat Bopportad on a iiid*anal ilmtaJ jofiit lu anrli a 
way aa to tom an torartad pandalam with two frca- 
doai of wtlm, and wtoa tto wtoal U nnaptiii nnatabla 
to both. howBTW, glm atabtllty to both sjn- 

tana, and tUiMtntoa a deaMoatrabla truth—that to a 
arNStatto 9itoto an araa imaber fiaedant of mo¬ 
tion onn to BtobHlaad by rotoUon itt IlywhMia, but not 
an odd number. IttpertoMiitally this propoalUon waa 
lUnatratad by an togenloiia nwehanlam, which It waa 
poorfUa to atranaa to auoh a way that thera could to 
dtbar ana or two dagreea of froadom. to the latter 
caae, If both lateral and aalmothal mottoa to nuatabtck 
■iTtog a very toaaenra support for a lyrastat. they can 
both to made atable by spinning; bat when there Is 
only one Craedoni to stabiM^ aplnntog apparently loaea 

Another form which might seem to Indicate that a 
gyrostats eonoeala an toip of mlaehlaf conttsta to mount¬ 
ing tto InstmaMot on a htilow wooden square fiuma, 
Hopporttog It by two tmnnloiw to a Una with the cen¬ 
ter of tto wheel, placed on suitable beartogB, permit¬ 
ting tto axla at tto gyrostat to rest with Its axle rer- 
ticaL If when tto wheel to spun tto whole fmmo to 
carried round to aalmnth to the dlrecUan of spin, noth¬ 
ing happens; the gyroatot spina on placidly. Hot carry 
the flume round to tto oppoulto dlmetlaii, the gyroatot 
Imncdtotaly turns upside down on tto trunnions and 
remains qataseent, as at flrst; but tto spin by tto In- 
verslan of tto gyroatat baa been bron^t Into the eama 
direction aa tto aalmnthal motion. Bvory time there to 
■ revannl of tto ailmutlial motion on the part of the 
exparlmanter, ao arery Ume tto gyrostat lursrts Itself, 
hcharliig as If It poassmed a very decided will of Ita 
own, only exhUdCliig thto one-sided ntoblllty end InsU- 
blUtt when It to nifeoted by a preeemlon Impremed 
npon It from without ‘The gyrostat tod little or no 
grarttnUonal sUbiUty—tto eentea of giurlty was nearly 
<« a lertt with tto trunnions; but evmi If It were 
KraTlUtbmnUy nnstnbla. sufflclenUy taiiUI aalmuthnl 
motton would beep It upright If that mothni agreed 
with the spin, while tto toast motion the other way 
round would cuuss it to capatoe.” 

The appUcatlona of tto gyroatat to physical Inqulrlen, 
generally hy way of Ulustratlon, are both numerous and 
liitererilng. Lord Kelrin's ingenuity fmind sbuuttont 
scope, and since tto ehronologlcnl order firilowed by 
I'rot Gray hu not bera preaerrad here, It will be con- 
rmilent to retnm to tto suggested forma of “Ihiuhl gyro¬ 
stat," by which It waa ptopuiwd to test, or to llluMirste, 
the possible deristlon of tto earth's Interior frisn strict 
rlghUty. In Kdrin's "llqnid gyrontat,'' a NphemMal 
ginha fllled with water was sabstltnted for tin- flywheel, 
the general mounting of the gymstale Mim little 
altered. If tto sptoitdd to oblate, with dtoiiwtcrs In 
the ratio of 100:90, wbeu It to Npuu, eo far on rrpninto 
procesilou. It behaves aa If its contents were nollil. Hat 
whmi tto spheroid has abont tto same percMitsae of 
piolatmm, since tto fluid to not etaiatralned to spin 
on Its hmgar axis of flguiu, tto spin dtoappcuru and 
tto paepHsr ftatures of gyrosutlc aetkm are not pre- 
lenr^ In consaquenos of tto inatuMIlty of ihe mo- 
tlcm, tto energy of ntstlun has been entirely tnins- 
tormsd Into heat by tnrbnlent motion of tto water. Into 
which tto fctattoosl mothm breaks down. Pennantnt 
steady fotstloa of such a aptoroU to lmIlaaBtbU^ But, 
enrlooriy soouidi. steady routfamal Ipotlon of a Uqnld 
round a» txto of flgora to posalUs In u prolate spheroid 
it It to anarisntly piobit& Tto axial dtoaseter. In fact, 
rnnst aittof to shorter tbu tto equatorial diameter, or 
mmu .than three tlmia aa hmg. Thto fact was pointed 
out by air Oaotgu QrimihHI, apparently deduced from 
tto itndy of tolltottei as applied to tto tiulectory of a 


gprtsttlls dtiies for foniahlag un todependent proof 
of the rutetlaa of tto sutb. reooumt, aa to wril 


known, ggnpsoad two msthods wUh thto and. One eoii- 
ttSMfl te ptoarring tto tga^osit tutring of the pUtna 
«f TVifiilsd of s-IMg pndHtmn, Stopeaded so aa to to 
ftua gAnanriy as p asdb l u flw any eouatralnt due to 
tho o ttt t fl telll H of tto pMsdolum wlto to Ita llxed aup- 
port,. hM boto oftM 

to ojiajKisito iM tt «• feh Ik* NtoMnt nngular ipoad. 

Ito flgtofltaiMrfltoflt tifl TWtMa tt Mtt Ptoci to «•«- 



gyioteope win maintain tto direction of Its azto In- 
ratlaUa^ unloai acted on by an extranaous force, lie 
onungad a mleroacope to detect tto apparent motion of 
a asark upon one of the gimbals, which shifted Its 
poaltlon aa the mlcroacops was carried round by tto 
eartb'a rotetloa I.sird Kelvin pruiKsed to use the gy ro- 
scople prlndple to obsi>r\o the eunponcut of rotation 
abont the horlsontal, o cos I, Ihe comimiiluii component 
to that demonstmlcd by bVnieault In the pendalum 
experiment 

l>Md Kelvin's melliMl of inenHuiing « sin 1 consists 
In BoppmUiig a gyruslst on hnlfe-odgm attached to Ihe 
projecting edge of the ease, so Ihnt the gyrostat with¬ 
out ipln rests with the axis hurlxonlul Kor this pur¬ 
pose the line of knire-edges to laid tbnnigh the center 
of the flywheel at right angles to the axis, sisJ tto 
ptoM of the knife-edges to therefore, the plane uf sym¬ 
metry of tto flywheel perpendicular (o the nxls. The 
knlfe-odgea are a llltle above the center ut gravity of 
tto Instrument, so (hat there to a Utile giavltatloiuil 
atablUty. At points In a line at right angles lu the 
line uf knlfO-cdgea niul iwssing through It. two scsle- 
pans are aUachtsI to the framework, niid by wcIgliU In 
these tho axis uf the gynsitiit, without spliu to Niljostcd 
III a horlsontal |iuHllloti, which to marked. 'J'ho gyro¬ 
stat to then rcmureil, spun raiildly, iind rcptocciL It to 
Uuui found that tho wolgbls In the Molo-pniis have to 
be altered to bring tto gyrostat lun-k to Ihe markeil 
imsilluii. Krom the ultoratlou In the aelghta the angu¬ 
lar s|ie«d about the vortical can be cak-ulated. Tto 
formula to very simple, but I,ord Kelvin dues iH)t seem 
to have glvoii any arithnictlcal esllmiilc of the forces to 
to tneasurud In a practical eximrimcuL 1‘ruf. Gray 
supplies this lufommtJon fur a special case, where tlie 
moss of the flywheel to snpiiuaed to to Kg) grammes. 
Us radlns of gyratkin 4 ceiitlmclcrs, and Its speed of 
revolution 200 por secuiid. If the imiIuIm of altncbineiit 
are 10 cenUmetem opart onil tho exiierlmenl to made 
III the latitude of London, u weight uf 4as milligrammes 
would be required, lu some of Ito larger siiecInicDa of 
gyrostat now In nse, and with the same siieml of revo¬ 
lution, It to possible for the weight to to bh much as 
8 grammes, abowliig tliiit the Idea Is not Inipracllcul, 
Ikuugh we have no estlmale of the prolwble ernir of 
otaservatloii. If the line of knife-edges be made to paiw 
accurately through the center of gmvlly of ilie system 
of wheel and framework, and the axis of ndatlnn to 
lilaosd so that the knlfe-isIgcM are borixoiital. east and 
west, the gyrostat will to lu stnblu ei|uUlbrtum when 
tbo axis la turned so that the illroction of rotallou 
agrees with tho rotstkin of the earth; fur the coisll- 
tluns uf Ihe experiment with the gyrostat aioniitcd on 
truiiiUans, quuUiil above, are reiwatrd. In the present 
case the hollow fnimework of the wusleii tniy to the 
esrih, tlie pualtiuii of the axis of rotallon iMfiillel to 
tlie earth's axis replaces the vertical isMltlon, and the 
earth's turning, the aslinnlhnl andlon of the experi¬ 
menter. It Is not dltnciilt to show that the gyrostat 
could to made to Imllatc exactly the tohnvlur of a 
mugiiotlc needle In the enrlb'a mngiiellr llolU, thus 
ivalbElng Isird Kelvin's gyrostatlc nsslel of the dlpplng- 

Tlie nnaluguuH pro|n>rtli<H uf the dipping-needle and 
gyrostat wouhl luilurnlly Hiiggest llml n frlcllonleMs 
gyrostat might to armiignl us an nixunile roiniaiHS. 
fluch nil npisinitns Isinl Kehin seeiiis to linte nuiteiii- 
Idatisl III Ills ‘'ClyriMliillr Kbslel of n Miigiietle I'oiii 
lUMH.'' lie proposed to linng n gyrostat, nllli Its axis 
of rotation burtsnnial, by n long, line win- nttnelieil to 
the framework at a isiliit over the center of gravity of 
tile syatem, and bold at the ii|i|N-r end hy a tnrslon-liend 
capable of being tamed nniiid the axis of ihe wire. By 
nieaun of tbto tondoii-hend any sninging of ito gyro¬ 
stat In asimnth round Ito wire was to to cheeked until, 
when tto head was left uutoucliefi, tlie g.vrostat hung 
■r rest Tho realtamtion In practice was not unattended 
with dlfllcnlty. Lord Kelvin suggested that. In conse¬ 
quence of the Ugh rirtnal moroemt of Inertia of the 
gyrostat, wton vibriting abont the vertical wire, dlfllcul- 
tlea wooM arise, and to propnsetl a slmplllled mninior of 
renllsliqi s gyrostatlc <-unipasH free only In more In n 
very n|i|UMKlniate horlsontal plane. Anwrently there Is 
no record of hla Improved plan, but the subsUtntlon of 
a "properly ^UDed floatv” ai an alternative to the 
wire arrangement has alnco baeii renllxod In the gyro- 
campaMea of commerce. 

Another analogy of a otrlUng kind to nianlfested by 
BwnntlBg a gyrostet bi the bob of a pendulum, with Its 
axis of rotetloa directed along the aaspenalon rod. 
Without rotetloa, tho two freedoau of thto system are 
stable, and If tba bob to made to describe a dtcle about 
the vwtical through the potat of support the period of 
revolution is the siaw for both directions of the ctr- 
cular motioo. When the gyrostat to sima, drcular mo¬ 
tion may tahs phut la dtber direction, but the ptriods 
an qnlMf difltnht, that of tbo drcnlar motlai In the 
■uhs dttsethm u the rotetloa being the gnater. The 
ewMMtltm of the two ehreHtr moOciie rofles varyliig 


condltlona glvea rise to striking figures, traord by I 
bob, the Interest of these being greatly Increased by I 
analogy between the pcndDliim graph and tto motl 
of on electron In a magnetic field. The parallel 
i-arred to Isird Kelvla, hat he deddedly rejucled I 
gyrostatlc explanation on account of the deUnlle cc 
lilex of Rpeclral linos always observed In tto Zecr 
pliciioniena. The imcullnr udiun of the magnetic I 


gyroslHls, llii- ( 
flic illnsMImi n 
lirundening or i 
plication, Hucli i 
Tto cm|»lo.vm 



IiiiN Inivens'd a piMx- uf hea«y glass In a magnetic fleld 
nlll. If It to d-iIm-IhiI iiihI sent Isick through tho nie- 
illnin, bate Ibe Inriilng of Ito plane doubled by tho 
Isickwiird iWKHUgc, while luckn-iird iJOssaga through 
ipiarlx or a siimir solution annuls the turning produced 
by Ihe forward (siHsage. 

In Ibis expliinatloji one lias to OHitemplata the |ssmI- 
blllty of liellctil bolloMN of the order of 1 / 10 ,COO Inch In 
ilinmctcr with nil Ihiir axes lunied Ihe same way, but 
In other connections KeUiu inyoked Iho aastolsare of 
niliiule iiirehanlsm to lllnmliiate many difflenll prob¬ 
lems, nmong which stanils Mil prominently the sug- 
gmliM PXpIniiMlImi of tin- manner In which two ctreu- 
liirly iHiliirlkisI waves having liiriiliigs In oiHXwlte dlrec- 
tliaiH give a liiriiliig to Ihe plnne of isilHrixntluu of tto 
niivo of nKilllni>til vUinilloii, which to the rcsiill of 
tlu>lr KU|S‘r|smllloii. In iiiille ii dlllen'iil (xniiicctlou a 
shnllnr iboiiglil npiaaira In Ihc klmilc theory of clns- 
ilclly. Ill llils latter ciine he coucidveil the lilen that 
the righllly of IhsIIcs, lliclr oliisllclly and slmiie, depend 
lie molloiiH of Ihc (airlM of the toallcs hlihli-n from onr 
onlliiiiry senses, us Ihe flywhiai of n gyrostat to bidden 
rrom onr sight unit liiiieh by Ihe east-. 

TIh' vieWH of phyHidsiH uiiilcrgii change ns new facts 
are iltoeovcriil unit new eoiireiitlnna eiilcriabied, and 
Home uiiMlIlleiitlons In Ihe rensoulug and eoneliislons 
may U- in-eensury. How fur Isinl Kelvin’s imsltlim Is 
leiinlile lime nlll decide. Hut, ns I'rof Ijniy reminds 
iiK III elmiiieiil words: ‘‘Kelvin hod eonllileime In hto 


Jeve. the hlrlh of the world, and the e«ld death pre- 
■Hired for It hy dlsslisitlnii of energy, Ihe Immesslng of 
111 .' eiionfles of Nature for tho service of lunii. Ihe giild- 
iinr«> and safety of marliiers, ihc gcin-Hls of waves uihI 
their hrcnhlng Into siirsy and spindrift: nil these iiai>s- 
tloiis, and ninny id hers, engaged hto Ihmights, to tho 
lasting tonnllt of Iinmniitty null the Inerense at knowl¬ 
edge. Thronghoiit all he was keen and calm and dls- 
linsHlonnle, a Inily nnuggresslvc and ifebonolr natural 
lililloHoptor. 

‘The fiiiwthiii of sek-is-e Is to eiialde iiinii to petie- 
trnle Ihc secrets of Nuliire, and In aiqily timt knowleilge 
to the promotion of the welfare niid lui|i|ilness of all 
living bclaipi. No one would have repudiated with more 
Hriirii than Tsinl Kelvin that emaiiailan of the pit, the 
niiNicrn diK-trine llml culture, scleiitillr, iihllosopblcal, 
or nrilnlle, eiilltles a sclf-npiirnl-a-fl ami selfchosen 
nnlinn to wade through sens of lilissl to Hie ilomInnMon 
Ilf the world:"--Kagtacertag, 


Ekctrk Can In Bel|lnBi 

Ma.ny of the railway lines between France and Kel- 
gliim liiterseot tto treoehes, and regular trains cannot 
to nin tn those locallUen; hut the Uermoiis have ulll- 
Ixed these Hues by bringing In oars operated by atorage 
Imtterim and operating them singly to remove tto 
wounded from tto battle front, and to bring back 
ttuppllca. 
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Oa Colof SanMMd PUUi 

It uwmI (ii be ouRtomaiy to itrsw throe ourvve above 
a illacnunniatlo •pootnim, heat, lumiaoeity, and aotinlim 
ourvea, the last To|itoa«nUnc the power of light to pio- 
duoe or faolUtato rhcmloal ohauge indopondently of 
the temiwrature obango. This oiutom lurvivea to a 
oortain extent, though only ono of tlio ourvee, namely, 
the heat ourvn, ie doflnito. The lumiooilty ourve de- 
pendi upon the human I'.vti, and uyee vary, eometimei 
even in the lamn iiiilividiial, with mgatd to their len- 
■Itivoneea hi light and color. Htill, it in potHihle to 
draw prarlliudly iihoTuI luminoaity c-urvee in a general 
*01110, and by taking an average human eye. In perhapa 
almoit an abaoliite minia. 

But the ‘actiniiui" curve li oeiontiaUy different for 
here we may be oonoomed, not with a ilngle organ and 
Ita poitible variationi or degree* of porteotkm, hut with 
overy nibatanoe that eidit* on the face of the earth 
or that oan be prepared by artlfloial moan*. And if 
we limit our coniidoration* to the vory few ■ubetanoea 
that are praotirally utitized in photography, we find 
that "aotlniam" exhmiifi from well into the infra-rod 
down to the HOnlgen ray*, wliiob are tor bekiw what la 
genetally known aa the ultra-violet. "Actininn'' ex¬ 
tend* over a range of 11 or 12 ootavei for prantioal 
photographio purpo«ei, while luminority extend* over 
Kwrooly one octave, and for pnotioal purpoie* oven 
le*a than thin, and yul ninui people ipeak of the photo- 
graphlo plato a* oobir-lilindl 

The wbolo of tide 11 or 12 ootavia ha* not yet been 
dealt with plwtographioally, booauio in the oxtrame 
oltia-violot (tile "flohumann region") at wavo4ougth* 
a little le*« than 2U0 wi, Uie abaorblng powor of air and 
gelatine prevent* the paaaago of mdiadoni through them. 
But thii appean to be due to abMirption band*, aa radia- 
tiona of itill ahorter wavelength (ROntgon ray*) pan 
fredy through them media. By getting rid a* far a* 
poarible of air and gdatine, the photography of the 
ordinary ipeatrum lia* been extended down to wave¬ 
length 100 pp, or even lea*. There are other difBoultiei 
than the air and gelatine to contend with in inveatiga- 
tiun* of thii region, but with these we m not Inuuedi- 
ately oonoemed. 

Although it 1* ueoaaary •umetimo* to bear in mind 
the enoimou* range of senaitivaiie** of photographio 
nwteriaU, oven from a purely praotloal point of view, 
if we esolndo the RAntgen region, and ngpud only thoee 
efawimstahno* that ounoern tlie photography of obienta, 
whether tarreatrial or odeetial, and whether by daylight 
or artUeial light, we have to oonsblor only about two 
ootavei of ladiatious, or rather mum if the far infm-red 
1* taken Into aoeount. Tlii* lange may be itiU further 
eurtailed when daylight or gla** apparatu* is used, on 
aoeount of the absorptive power of glass snd the atmos¬ 
phere, and what ramains may often be sulBoiently do- 
leribed by Indloating five region*, nenuily, ultra-violot, 
blue, green, red, and infrared. The ‘'blue" will In- 
dude the indigo and violet and the ''rad" will in- 
dude the orange, and Uu> yellow i* negligible aa In a 
good ipeotrom it is representod by bttle mure than the 
sodhun D Uui. 

In Olds to photograph colored objoeta so that their 
luminositlea shall bo aurreotly representod in the print, 
we want to get the curve tlwt represenU the notion of 
the speotrum on the plate to ooinoide with the luminosity 
curve of the spostrum, and thou we want a printing 
method that will preeerve tlieee tono valuee. The 
alternative of getting equal and opposite error* in the 
negative and the print eu that the one shall oorroot the 
other, may have a degree of pusuibiUty about it. The foot 
to be empbadxed 1* that the getting of a correct negative 
is not the whole busineH. Indeed, the getting d the 
two ourvee to ooriespond is not the whole busineie so far 
aa the negative ia oonoomod, for they may oorreepond 
at one exposure of tbo plate to the qieotrum and not at 
another, beoauae the iteepnese of the gradation of the 
d^XMdti produced <m the plate by equivalent tangee of 
a^Miurea to the varioui parte of the qieotrum la not the 
same. These difOoultiM are mentioned to show that, 
from a pnotioal point of view, “orthoohromaUo" or 
"iaoebroiiiatio" biography, or whatever it may be 
oallod, oannot yet even be regarded aa an absolute mat¬ 
tes; bl|h whwe the dlaarepanoy in the uee iff "ordinary" 
plat«^ of the order uf a thousand to one, thare Is plenty 
of room and need for imprevement, before getting, se 
It wise, within light of porfeotion. 

When Ilia ipeotnuu 1* photograidiad on an ordinary 
plate, the green and red, whiob are bright to the egre, 
preduoa little or no efleot; they might aa well be blaok, 
while the blue and ultra-violet, which an dark and Uadk 
to the eye reapeotively, produce a oonside r able effeet, 
aa if they wore bright. Himiler naulu are obtafatad 
with ordinary objeeta; elate roofi, bemg bhdtii, eoms 
muoh tto light; brioke, being red or reddish, ooms mnoh 
Us dark; grass and green foliage too dark, and so on. 
The plau ia senaltive to all thaie eolon. l^t It Is Tsqr 
muoh too sendtive to blue, or not laultive anou^ to 
gresn and ted. By c ausing the light that faUs upon 


the plate to pass tiuou^ a color ittir that wBl redoes 
the biightiieai of the bine Ufht to about 1/1000 part 
of its intenaity, and inenaalng the exposure proportioa- 
atsly, th* gresn and ted will be glveii aa oppartanlty 
to aot, and the raniU will be mneh improved. To inc 
ereeee axposuTM to one thonauid timee the UMial length 
may sometimes be poadble (say two mlnntaa inatead 
of the tenth of a seoond), but the nndednbility of such 
an inonaae need not be pointed out. 

Dr. H. W. Vogel, in 1873, diseoveted that by the m- 
pUoation of oertain ookwlng matters, it was poadble 
greatly to inoraaaa the iMtitiveneaa of pUtsa to green 
and to red light About 10 year* later the appUeation 
of this prinoiple began to be made a oommereial matter, 
and Messrs, Kdwatdi * Oo. seeured ths patent righto 
In this ooantiy. These Isoehromatte or wthoohromatie 
plates wots a gnat atop b> advanee. 

There an two or three matton in oonneetion with 
the use of aoeh mean* as these to get variously eolored 
objeeta represented smnrding to their iuminocitiei that 
may be pointed out os well from tide example oe from 
any other, beating In mind that they repreeent general 
prinoiplea. Suoh platei ai theee ("ortho-" or "iio- 
ehromatie") an often, it not genenily, stated to he wn- 
iltlve to yellow. Tbi* ia mlileading. Hpeotrum yal- 
tow, ae alroady stated, 1* aegliglble In these mattara. 
All objeoto that an yellow are yellow beoauso they 
abeorb blue, and asnd red and green U^t to the eye. 
Yellow light ia a mixture of red and green. These platee 
have their semritiveneai inereaied to green and not to 
red. If, therefore, we so arrange our color Olter aa to 
get full norreotlon for yellow, that la, that yellow and blue 
shall lie oorreoUy represented aoooiding to their lumin- 
miitiea, we throw the oorreetion that oo^t to be borne 
by the green and red Jointly entlidy on to the green, 
and this eolor is therefore over-oonceted. Qreeni will 
therefore be represented too liidit. On the other h a n d, 
the tnoreaaed lensitivenea doee not extend over the 
whole of the green; it ia ehiefly in the ydlowiah-green, 
and the ourve of a^tiveneai shows an important de- 
preiaiou In the ragl<» that may be ron^y Indloated 
aa bebig between El and F. Pure yaUowiih-greens 
tend, therefore, to be ovcc-OMreoted im this aoeount 
also, but what is peihapa of more importanoe ii that a 
green that oomei in this depression of sensttiveneas will 
be under-oorreetod and ooms out too dark. This is 
not a mere theoretiaal dUBeulty, for M. CalUer, who Is a 
most esreful InTsatigatar. ftndi that the Dsm of pine 
trees largely cor r ea pun de to tUa didaient senritiveneas, 
while that of grass ooRespondi rather to tiie spodeUy 
lonsitixad yellowish-green. Therefore these two greun* 
are represented aa mure different in biightnes* than they 
really are. 

Those fanta illustrate the dilBeultiee that reeult from 
the faet that ipeoially ■enritixed platea have not on 
evenly graded sensitlveneis. There is the maximum 
for the plate, and anew maximum for the new eompuund 
Introduoed. Bueh iiregularity might be oompensated 
by a oomplex color Altar, but of ooorso only qiproxl- 
matoly and with muoh trouble and oonaidnble increase 
of tihe neoeaaeiy exposure. 

The "ortho-" or "lacHihtomatks" platos of oom- 
meroe are genenily of the type just dlsouasod, and are 
aonsillied by erythrasln or a similar labstaaBe. In a 
seoond srtiele we shall refer to ''panahromatie” pUte* 
and ether matters.—G bafiuh Joiraa in ffature. 

BmrtBeH of the Cvul 

Accoudino to the Canal Steord the bustnea* done by 
the Panama Canal for the ftist six months of its opera¬ 
tion, that is from August 18th, 1014, to Fstnary 16th, 
1016, has hesn entirely satMUotory. Four hnndred 
and ninety-six vessels, other tiaaa canal ve sse l s and 
laoniohes, eto., whioh an not counted, passed tiuongh 
the oanal du^ the period- lliey eaoled a total of 
3,807/244 tons of osifo. 

. subtly over 41 par osnt of the oaigo handled has been 
in moTvnMit b etweso port* of tiw Vidtsd States la 
what is olaatifled as United States ooostwisetnde. Over 
31 per oent of lU tim eaigo has been In moTSBiSDt bo- 
twesn tiw FMiflo eoast of North Amstloa, principally 
ths United States, and Xurops; and appmlinately an 
equal impartion (31 per aent) has bean aunring «m ths 
route hetwsen ths weet ooust of Bonth Amarlea and 
the M^xirts on the Atiaatie naboiurd of tlx* Unltad 
States and Bumps. TmOe betwtsn ths Atlantia sea- 
boerd and the Far Bast has amoun t ed to over 13 par 
oent of tiM wholo. All togethar, tha bceffoiog routas 
have been mad for tim feraarit of all but appmriawtaly 
3 H per oent cf an aaifo ssat throat tha cuaL 

Ths six prinaipsl eommodities shipped thaough Om 
oanal hava beta, in oidar al their tnanajai Onta, at- 
tiatoi, eeal, isflaad p ri i i l a a i it pso dn eta, lonriNa, and 
eotton. These rixaoaBnadWsstQfathtolavoatomiBtsd 
to appnmtaoately enadhbd «( aB 1^ ridppgd thm^ 
Tha taOslarlsd doriiff thaiinaeBlhs’pa^«aoatt4 
to CI,13038 Bj 00. Addtaff to iUa Iho. «t 

tons ooBaetod on haiiw prior to A«|Wl U% tsiil 
lavj to EWmaiy 16th. 1916, Ii «U88A43BS. 
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ThB Brimtllc AiMrleam PaUkatkm 
BeteaUlcAMrlsu laaalsawBt ((BteUIsM UTS) pit ftSf 91.00 

AMricai H«bm* and Oordeu. ■ S-SS 

Tb* MnUaad (BbsarlptloB ratM aad latM to fmIgB aaiBttlia 
iBtlDlIsa Caaada, win b* fBnlBba« Bsaa btolHsMi* 

Bmit to SMtol cr txsriH moBar ordw. bBBk drift BT «k*to 

Mtoui A Con lac., 2SS Bnwdwij, N«w Ttiffli 


The pwrpote of the Supplement it to ffiiWiah 
the fliora important e nn onnod m entt of Metkir 
guithed teohnologiett, to digut eigntfloant artt- 
olu that appear in European puiUeatioiu, and 
altogether to refleot the moat adeaneed ikought 
iff lolenoe and induttrg throughout the world. 


Back NsJBbcn of Iho Sdeillle AsmvIcu 
SoppleMt 

Wb beg to Bdriae our raadara that we hava dtoeon- 
Uneed sellliig nnmbem of tbo Somimno AmnoAii 
SumxMBitT dated earUec than Jannary 1, IfilA Wo re¬ 
moved the ffrst week in April to the Woolworth BnUdIno; 
New York city, and the ebango In our oOoea israclnded 
the carrying of iasuea of the SomaiiBiir extenidliit over 
a period of neerly forty yeore. It wae, thersAwe, assoi 
airy to torn over this portion of the baainsas to aoaie- 
one who bo* space for carrying so large a otoak. Th* 


Whito nalDa, N. Y.. have been ct 


nor back nnmber bnnliiam. They have tiw dooMdato 
stuck aod ore reedy to supply any of the bock maaben 
■It the sUuihird price of 10 cento We, tbeielbre, re- 
quent that. In futon, all order* for Surrumirro be 
sent direct to the li, W. Wilson Company lostaad of 
ourselve*. ricase do nut order SumniiBim oo lettw* 
ordering snbacrlptiuns for the BonDrnno Aiiasimi or 
tbe BoixwTiric Aiiitue*ii BvmjoiBiiT or boohs, or omi- 
tslnlng nny oilier matters. 

Muwif A Ca, iRc., 

PnbUsbers of tbe Homimno Amubioaii. 


Wb wish to call attoatkn to tha fact that wa are In a 
poaltlon to render o o mp s tent servtoss In avsiy brendi 
of putaot or trads-mark work. Onr staff is o n m p oaa d 
of meolianlcal, dsetrloal and rbaaitenl sxpmtk thor- 
ooglily trained to pcapsn and paasssuto an patoat ap- 
plkathma, Irraapaetlva at tha oemplax natue of tha 
subject mattar Involved, or e( the toifliMaed. tottotoil, 
or adentlAo knowledge reqntnd tlNfuIor. 

We also bar# aaaooto t aa thrembairi ths world, who 
aaalat la tha pteaaeuana «f pataud aad tredaiik ap- 
pHwtte ua died In all eountrlaa testgn to tha Unltad 


BranA OOea: 

A» r Strast, N. W„ 


IhUt Of CsalMlB ^ 

tit Ufe Btndy to PatlMls.-By Osets* K. fhold, ILIk 
laUBuot to nsOlo-acttvt aardi on Ptast Orewto—U.—. 
By H. a BBib7.-ll tUnitfittQH ... 


n* UMsto taehto ifsaspisato->-glmWs@ 
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The Sakurajirna Eruptions and Earthquakes' 

Abstract of a Memoir by Prof. E. Omori 


Hakuiuiha (Uberr; Island), sltnatod In Kago- 
hIiIiiiu Hay, and ramuiis fnr Its i>niptluiis In J7TU MUil 
III NfVi'ral i^rllpr years, was the scat of an untliuixl 
III .liiuuary, lUl-l, wlilcli may be eouiited. In lajliit of 
Mil* iiiiieiillinlo of iJlHturbaiiee, as one of Uie ttreBti>st 
rolraiilr (3ilaHlro|ilies of uiudiTii tliiiim. Many wleii- 

lllli' .I, JaiaiiiiKc anil foit‘lt;n, liasti'iicd to the ws'ue 

of llie iHilbrnik; iiuioiik llieui tlie writer of the iirua- 
ent iiiimolr, who, sent ns a uii>nilM‘r of tbc ImiM-rlal 
Kartliiinake Iiivestlgutloii i'uniuiltlee, remaliicd In the 
Hliii-ken district from the lUlb to the 'iUtli of Janu¬ 
ary, and made a aucuiid visit hi April. The follow¬ 
ing iianKraplu give a short prelhiilnnry account, from 
tia- Si'lsuiologleul |nliit of view, of the Makurujlnui 
erupllon, llie oisurrence of which iiidicaled the exlat- 
entv III a clear segnence ainonii the varluus recent 
inanirestatloua of vulcanic activity In Jaiaiii. 

Tiipagmplm.—inve: lalaiid Is irregularly ollliitical, 
llie Krenteat diameter In any dirccllon Im-Iuk 11-4 kilo- 
liielers. Near the center of the Island there are two 
li'ah jieaks, the Ifliuiuildake ("soulh cniler") and Iho 
Klladake ("north crater"), n>s|ss-llvely I.IMU.U and 
l.lXUi meters In height. Togelher wllh a slightly 
depressed Intermediate lairllon tiu-y form a ridge 1.8 
kllmneten In length running nearly In a north-south 
direction. Thus from the east or west the Island looks 
like a truncated triangle and iiresents a beautiful 
Fuji type of outline with a flat toil, while from the 
north or aouth It appears In the form of a iKiliilcd 
cone. There are several minor cniters, lava prtunun- 
toiieo, and, In the adjan-ut Iwy, volcuulc Isles formed 
III euuuectlun with past eruptions, Then are hut 
springs at aeveral polntfl on the suuUieast coast, and 
a mliwral spring In the shallow si-a water close to 
Us- lieueh of Haldo on the northwest coasL llm Island 
hail a iMipuIntloii of 'A73H, distributed In tnonty 
hauilols. 

tloa Jioptk ««d ifoKatala tllr«.—Sukurajlum la a small 
volenuu rbiliig out of a ahallow sea, the lolal volume 
of the island above the water luvel being ihl.G cubic 
kllouetcra, which will not be much augmented by add¬ 
ing the iKirtton below the aea. Its uugidtiidc Is about 
ispial to that of Ususan, but only ulsait one eleventh 
that of Aaamoyania (I. o., the imrt of the latter above 
the plateau on which It atonds), and alsmt one fortieth 
that of Fujiyama. Its amall sbm coupled with great 
activity probably means that the lava reaorvolr Is at 
tbc slight deidb of only a few kilometers, and that the 
frame of the mountain Is ciimparatlvcly weak for re- 
Hlstliig an Interunl expluolve condition; hence the nil- 
lubUakable premuidhiry signs In the form of numerous 
earthiinakea fur several Isairs preceding the recent 
erupllon, as Well as that of IT7H. Again, the eniplluiis 
were liiteiuH! and of long duration, throwing out a great 
quantity of fluid lava, pumice and asboa, but the Imll 
vldunl axidoslomi were nut quite so isiwcrful os (hose 
of Asamoyama. 

NlmuUantiiwi ur Hmvcmlrc AoUvilg of Ihr Itiffrn'Hl 
Volcanrs's.—^Tlie four main Japanese Isluiids, which 
fonii u ylmple ure with steep detseiit on the eunvex 
side Into the d«>p Imsiu of the Paclllc. may be reganleil 
as II vulcanic chain or earthquake none which Is still 
uislergiilng stress accumulatlim. When tbc later reaclies 
Its limit, telluric dlslurbauceH may oeeiir one nfter Ms- 
other In rarInuR lairts of the country In the form of 
great earthquakes or volcanic outbursts, as the case 
may be. The epoch of must violent eruptlous In ilH- 
history of Japan wai on Interval of fourteen and one 
half years between 1777 and ITIU. There wua Brat an 
eruption of Oshlma, lasting, with lutermlaslona, from 
Angust ‘-and, 1777, to Deeemlmr IStli. 1778, with an 
onormons ontpour of lava; then occurred the great 
eruption of Bakurajlma on November Slli, 177U, with 
remarkable lava outflowa and the formaUim of new 
Islands; then Aogasblma, one of the lau Islunds. was In 
emptlmi from July ‘J8th, 178IJ, to April 18th, I'sn. 
Menuwlllli-. on May Otli, 1783, Asamaynnia broke tail In 
strong erllIlltou^ which terminated In a terriblo dowii- 
ragh of "Mdcanle avalanclies" on August Sth. Finally, 
lif eruidlun of Unsendoke, In Kyushu, began J-'Mtru- 
ary 12tb. and terminated Hay 1st, 17K*, In a tremeii 
dous estnslroiifae, when the whole Southern slope of 
Mneyama was precipitated Into the sea, causing great 
waves (Issaumf) which eost 15,000 Uvea. 

It will is- noted that of the five vtflcanoca mentlooed, 
two arc In Kyushu, while Um other three belong to the 
Fuji wlcmle chain. In oplte of the wide distance 
las ween the two groupe the dllTerent volcanoee were 
thrown Into greet acflrlty one after the 'other, and this 

• Prsn ths SaJMta of thi Imperial Etrtlienilw laveitlgfr 
tloB Committee, Tak)a 


was also true of the moat raeent oerlae at eraptlona. 

Hocant Arltnilp and <ke Baleurafima MrapHons.—An 
l•xamlllatlon of the time dlatiibnthm of the outbreaks 


of Asamnynroa Indleatoa a rerurreute of the eiax-lw of 
greutest eruptive frequency with a mean Interval of 
about (BM yeata Heoco, twice this interval, via, 127, 
ur, say, htu years, mey also be regarded es a ponslble 
iwrlnd In the frequency of eruptions, and it is note¬ 
worthy that Aaomayama, Oshlma, and Baknrujlma 
which had had no great outbreaks since the epoch of 
the eighteenth century Just mentioned, have eguln ex¬ 
hibited, after a lapM of 1.30 years, a period uf extra¬ 
ordinary aoilvlty. 

In December, 1007, a |«rl<al of erniitloD in the Fuji 
chain began with outbreaks of Yakedaka whldi were 
followed hy a series of violent earthquakes and emie 
tioua fnao Asamayama, begtimlng In ISOS. In 1012 
magnlAcent lava <mtburstn oecnried from Oshlma In 
Uarcb-AprII, and again In HeptemboT-October. The ex- 




of Yakedake reached Ihctr climax In the sum¬ 


mer of mil, and ceased in the summer of 1012: tim 


a given volcano^ wbather ocoorring fnm the ewttal 
crater or from new side vents, ore at least locadtipd to 
the monutaln Itsult Benoe It may be that the treat 
erupMoiis from a given voloaiM at whlelr dUbnat 
epochs rooemble out anotber mon ur lam, both in the 
eruptive phenomena and In the ptocaraoiy evento. Tims 
tho teqneoce of pbenomena in and pteoedlug Um Rakora- 
Jlma eruption of 1T7B was almost exactly duidlcated by 
the events at the recent erupUon, which will now be 
sketched brlally. 

The aocompanylDg diagram (Fig. 8) obowe the lumriy 
frequency at the enrthquakee registered at the Xago- 
sldma oboervatory, 10 kllometen distant from the eeo- 
ter of Haknrajima, with an onllnary Oray-Mllna-Bwlng 
sehmuigrapb. The shoclu were much more treqnent, 
and woe fhlt aome boun earlier, on the lalaud Itaelf. 

The hot eprings, ordinary springa, and welM of the 
Island were much dlaturbed on the 12tli. White emoke 
was soon nt certain pUces over the mmutaln as early 
as the aftermajii of the 11th, and at 8 A. M. of the 12tb 
a iviliumi Ilf white smoke was sildileuly shot up lu the 



Hourly frequency varUtlon of Um earthqukaa which preceded Uie Bnhiirajlma 
emptlea of Jaannry ISth, 1114. 


eruptlous of Oshlma ceased In the spring of 1013, and 
Assniayama apisirputly uppmarhed the fliwl stage of 
Its recent activity aliout the same time. The recent 
ernpUve energy of the Fuji 4-luiln thne drawing to a 
clone, the Kyushu volcanoes wen expected, in view of 
their past history, to have their tarn of activity. From 
Hoy lU^, 1013, frwpient small earthquakes begao to 
be felt In the region at the northern and western basn 
of Klrlahlmoyama, which had beoa qnlte for 10 yeira. 
This sudden anioannoe of aelsmlc distarbanoef was at 
ouoe Interpreted as foreboding erupticas in Kyuabn, 
snd as early aa Jana, MIS, the present writer nrgad 
the governor at the Kagnehima-ken to set up a aanol- 
tlve aebunograph at the Kagoshima meteorological ob¬ 
servatory. Meanwhile the setsmlr dlstnrbaiicee extend¬ 
ed to the pentaenlar part of Batsuma, sod at the end 
of June a strong earthquohs occurred some 16 hllo- 
moten wesMiortbweat of the etty of KageeWme. On 
November Xlrishlmayama broke Into atrong ernp- 
thw; onothm vlaient outburst occu r red Deoambar Mh; 
and a third January 8th, 1614. On the morning of tho 
12th the author received a telegram statliig that 887 
earthquake shocks hod occurred In the dty of Kago¬ 
shima between aA.lLofUielltbaiideA.lf.oftbe 
12th. nie author woi about to telsgrairii inotnietkas 
to Kagoshima urging that a corafnl woteh be kept of 
gakarojlmo, which could be tbs only oaon of theta nn- 

rlved aanouaclng that the voicoao ha^ Inokan into 

Prammltarp g«fM.-^naike lorga daetmottra oorib 
qnakao, wliiift origlnata akBg adwirte aMMi^ bM an hot 
iqiagted iNB ooi and tba a*ao deatn, tha «»i«ao« of 


form uf a pine tree fnm the south crater. In view of 
thew uiimlstakahlo warnings, a general oxndus of the 
liibaMlants uf Uio laland began on the 11th. Tile pre- 
fis-tiinil aiithoritlm took prompt measurer to aid 
escape, and the result was that the entire populatioa of 
more than 28,000 woa broo^t sofsly out at danger, 
with the exeepttoo of two derfcs of the vUloga offln of 
Higashi BakntaJIma, who boroleally temolnod osttl the 
eniptluns had begun and ware drowned to attemptiag 
to swim to the mainland.' 

Jrrvptioiu.—11 m. grot outbarat took place from the 
went dde of Hokiitajima about 10 A. M. of tha 18th 
from a pdnt aboto 000 motors abgre saa-lavel. foDowed 
about 10 minutes Uter by an outburst on the eouth- 
eost side. Red tire was seeo from Kogoehlma at the 
hose at the smoke udamn B minutes after the eraption 
began; tevt Uoeka won aeon to be ttmiirn out abund¬ 
antly from 11:30 A. IM.; and axploalvo jletonatioas be¬ 
gan ^ >>o Imnl kt 6 :S0 P-H- Tbe doMO Modmbket 

whkd, tbe weather hetog cataa, war ilnalty pndeeted 
to a hdglit of 26,000 feet above let-tovel, woe ttonraed 
^ H gb toin g In various dtreetiona. Paulo lelgnaf In 
the Ddglibadiig dty of KagnoWma, whora wlM ropdts 
won «read OS to the pdaoBMua cOlMte of the voteauto 
gaoea, and apuntwodoai were also feM of feanMd 
(ddil wavas)) 'fianee the majority the 
dad to ths oobatry,. Um sqilodvo otags of fha wtoono 







SaENTIFlC AMERICAN SUPPLEMENT Na 2050 


K4S 


tfMit 1 i. U. Tke datHwtton U tUi (taft wm mt 
ttw «fle«n i« IbforiilM kad to 

ati^ HMir aan iHth aattan. na amitWiaa oa tha 
tNat a(Ma aC tHa Wand TtitHUr anted January SBtli. 
bat thaaa an tfaa mat feara ktf* their enargr and ara 
adq (teitaat, 1814) Maktaw oaaaakmal atranf ootbnnta. 

Abaqt aariB inlaeipal aratariata ware famed on the 
waW and al|M oa the eaat alte of the laiand: none 
blfber than BU aaeteia. Tha Uva which tewed from 
thcad Wte of *ai 7 Httla Ihitdttr, ao that K In amorally 
bmtwi np Into looae angnlar bloitek The main lara 
ntiaaiB on the weat alda flowed down during the Itmt 
two daga at tha rate of 4S nMtera an hour. On the 
eoNt idte the lara had, by the »tb, oompletely blocked 
np the etralt aeparatlua the Mand from the mainland, 
thM OQBTtrtlBff SftkutiliBA ii&tD a flMMiiMHite Tha 
anatam lara IWd nlthnately attained an area of 111.41 
aqnare kDomataiB, of which T.DT aqoare kllometen la 
oadar wtear; the weetera field hu an area of 8,13 
aqnare kUamatMa. The thlckneaa cf the lara le from 
411 to 100 metara, and the total rolume ejected la eatl- 
mated at aboot 10 oebic kUometem, or abont one neveo- 
teenth the rolume of the mounialiL 

The predpitatlon of pninlce and aebca wat very 
ahnndant In the eaatem part of the Mand, being docp- 
eMt near Knrokaml, where It auoniited to 0 feet or more 
ami bnrted the honaee nearly ni> to the roofa. ANbro. 
carried by the weaterly wlnde, fell In the Bonin lelindM 
to the aootheaat and northeaNt over moat of Jniun went 
of MIto and Utaunomlya, tbe extreme eoNtward radlul 
dliitance being over 1,2(10 kllometen. The total rolmne 
of aabea and pumice la eatlmated at 0.S2 cubic kilo¬ 
meter. Tbia amoont, added to the above eatliuatoil <mt- 


pot of Ura, glrea a total equal to one ttnelfth the vol- 
iHaa 0 / the monmaki. 

Btrong Shrtkquakci an* Small Tennomt.—'tbe etrong 
aartliqaake which occurred at 6:30 P. U. on the 12Ui, 
and which coMt 10 Uvea In Kagoeblma, waa nworded 
In Tokyo, and moat have been of aeveral tlmai greater 
magnttude than certain earthquakea attending recent 
erupUoiw of ANdUiuyuma and Uauaan, whkh bad been 
euiqioNOd to repnweul the limiting lutenalty and alac of 
a volcanic earthquake. It waa probably, however, of 
very deep origin, and tbe rcault rather of the Ntrewt 
uccumuletloii aluog tbe whole volcanic chain In maith- 
eni Kyuihn than of the Makurajima eruption alone. An 
hour or more aftor thia ahork a alight InniidathHi oc 
curved along Uio harbor front of Kaguthima (at high 
tUle). The direct cauae of thla teunami waa, however, 
imibably a amall, auddeii aettlement or depmalon of 
the bottom of the My. 

Tnimnmctrr Otmerralhme of Ike Kniptlnne. - -A trom- 
(Huetor hi tqieruUon at Kagoehinut beginning with tha 
Idth racurdeil the tremora due to the aucceaalve ernp- 
Uom, and ahowed, omoiqt other thbiga, that the cx- 
pluNlona with loud dctouaUnii produced very alight aela- 
mlc offecta aa compared with iiou-detonatlve erniittona. 
It la llkdy that the latter are much mure Important 
lihoiiomonn, aud coualat in the powerful projection of 
aaliCM aud guaea ahnig pn-exlHtlng ebannela of deep 
cxtcnalon. 

A'ifncl* on Wotrr /,rocl; IhvmttUm of Oooit.—The 
rcHiilta of leveling by the Military Hurvey Department 
iianiiunKl with lielghta determined In 1M12 indicate that 
there liaa been a deprcaalon of tbe cooat amounting to 


about OH meter at ffarwblma, and reaching 0.117 meter 
at a amall promontory about 10 kllometont northward 
along the cooat. The greater part of Ue depruaahHi 
tliUH fouud may paaallily be the reault or preeuraor of 
tbe recent eraptlona. 

Arrangement of Oralcrkti.- -The new craterleta ex¬ 
tend In a lono nuuilng from want-nurthweat to eaat- 
Nontlamat; 1. c., at right anglea to Uie axle of tbe vd- 
leiilc chain of which BukuraJIma fonua a part Hence 
tlie new veuta portaJu to a ayatem of accondary fractura 
limited to tbe Maud Itself. The formation of craterleta 
uu two opposite fiauki of the mountain, which aim oc- 
liirred In 1770 and 1470, hidicatea that It la eaaier for 
the eruptive energy of Sakurajluia In llud vciita near 
the Mao of the mountain than to puah up the liitcrual 
lava to Ita tup. 

Arllritg Along the South Kgiuhu Volrvuic Chain.-- 
An already atated, the strong explunltHi of Klrlablma- 
yoma, on January 8th, 1014, waa fnllnwcd ipilckly by 
tha great HalniraJIma eruption of January I'Jth. Then 
IwoJIma, situated off tbe south coast of ttatauma, waa 
tbo acat of nu oruptlou February 13th, accompanied liy 
aeveral earthquak^ one of thcee being ut fairly lurge 
magnitude. Finally, ttuwanoaejtffla, atm further aoutli- 
ward, had an eruption ou March 21at. Tlicso four viil- 
caDiNv< are In nearly a atralght line. 

Theae aniptlomi Imve probably brought the vnlciinlc 
activity lu thla part of Kyuahu to an end for the lime 
being, and the alte of volcanic untburata apiawni to bine 
again ahlftcd to tbo Fnjl volcante xmm, where UHldiuu. 
after n qnlescoucc of about a year uial a half, gave rise 
to very powerful lava eruidloua for about seveu days 
In May, 1014. 


GaaoHiw LoeonotlTefi 

By A. H. Ehle 

OAMLiitc IncomoUrea for anrfacc work have been In 
aneecmfful nan for aomo six yearn and are mainly dla- 
tlucUve l>M»ta«e of comblniug eertatn well-eatabllshcd 
ateam locomotive prlnclplea with a wairce of motive 
power that baa booomo highly developed throagh tbe 
lutroduetlon of automobllaa. It la apfoirent that lu a 
gaaoUne locomotive the object mnight la to produce the 
maximum tractive effort or drawbar pall, the hN<<Nnotlvo 
Itaelt oeldom being reqidrcd to carry a baid aa lu the 
eaae of autouioblle ttucka. Because of tlw different 
ecindltlona under whbdi a locomotive must (qierate there 
la aomethlng more required than the mere lucorporatlim 
of good antomoblla practlca. 

Uouollne locomottrea hare been particularly aucceaa- 
ful In work around contracting operwtlona, plantaUona, 
quarries, smelting plants—In fbet for almost all Indus- 
trlnl purpoaca where loads are to be hauled at mod¬ 
erate speeds and within the rangu of avoUtbln motor 
tanrera that can be placed within the gage limitations 
Imposed. Obvloualy they are safe aial unlike anine 
other forma at locomotlTes Independent of power sources 
external to tbenwelTea, However, notwithstanding their 
couveulence and aervlceablllly thHr moro gooeral iii- 
tnaliietlon depend! upon the economic conaldoratlon of 
find coat and faels>perating expense compared to other 
available klnda of locomodrea. 

At pieaent the Balilwin fawomcdlve Worka arc mak¬ 
ing four alim of narrow-gage Industrial machines weigh¬ 
ing 8H, B, 7, *nd 8 tons, bavlug drawMr palls on high 
gear, on level track, of TOU, 80(1, 1,31)0 and 1,700 pnunda 
naqiectively. 

nu locumotlvM are provided with two-speod trans- 
mlmdioi giving general speeds at 4 and B or 5 and 10 
mllea |ier hoar la eltber direction. In addition In 
Umm idaM there ban lately been developed a cauider- 
ably larger or 18-ton machine built for atandotd gage 
only and having a threeapeed tranmnlaaloa provtdlng 
apeete of 0, IS, and SO miles per hour In either direction. 

Ita gnoranteed dnwpall on low gear la 0,000 poonda, 
on middle grer 8,000 pooDda, and on high gear 1,700 
pmuida. 

An IS-ton maddne, oa above deiorlbed, on Uet ex- 
reeded the speciOod drawbar poll or hanling capacity 
by abont 00 per cent when operating on eltber gasoline 
nr keruaene. It waa designed for IndmtrUl switching 
aervloa and to haul a total of abont SOO tons on level 
tmek aroimd SMegree ourree, or the eqatvglent of 
lightor loads op variami gredee. The omiiamptioa of 
etther gBaolliie er keneeae was IMind to be In average 
aervloe about 414 gallom per bonr, banUnf about 80 
tana total hack and foitli over a track havliig level 
atntehai and ftadee aa klflh w 0 per cant This pa^ 
tktilar fuel teat wae oondhited ter two bous, the loco- 
motive paualaff only lohff aheaflh to reverae Itn dlcec- 
- Il(» at thp enda of the rafia, Tto leate were hauled on 
the low pear qaed at fl mUgi per bear. Thla leeamo- 
^ hfla hanM a total of 2M torn op at lit par emt 
ifiate and aiwmd xmagrse owvea at a epaed of abont 

d.aman^pm'biw . 

*«teptep^< and of tte flNlr^ 


four-cyllniler vertlenl type, especially di<slgne<l to wlth- 
stnnil severe service. Tlicrc la iiulhlng radical about 
them; they (siiiform quite geiienilly to the larger m*s 
tors lists! ill automobile ismstnictlon. They are almwt 
tuvnrlslily oi|uti>|S!il wlUt electric motor stnrteni, utter 
I lie niiiiiner iisinil lu untisnoblle practice. The Ignition 
Is by buttery and iiiilisnittlc spark advan<s> magneto, 

Tlio gears, shafts, eliilelicM, and all other truiismls- 
aliNi isirts an* of very liberal proportions, since there 
b< not tbe ueetisslty at keeping down weight aa lu the 
eiise at Hiitumobilc design. Tlie running parts are In- 
vlisest In an otl-tlght cast Iron houstug which conatl- 
lutea a seimmte unit In Ibis way lubrication Is easily 
provbled for and tbo isirts are pernianoiilly Mid In 
rigtil alignment 

The main cluteh Is of the mnlUideHllRk type, the 
puTpoac of which Is tlie same as In autuouilille work. 
The alternate broiiie and stool disks run In n hath of 
oil anil tbe eonblned snrfncc Is extremely lurge for the 
liurse-iKiwer tnnismlttisl. The clutch can b<* slipped 
nlmiwl coutiunoimly without excessive heating or per- 
<■e|glhle wear. 

The mnln frnmes are of the cast steel bar type nnd 
geuerally similar to those used In steam loromotive 
practice. They are ualurally strougcr than cast Iron 
frames of isiuiil wvigbt and becanso of tbclr design tlie 
motor and rnnniug gear are moro accessible. 

Tbo side- or drIvtiig-ruilH are of hammered slee) with 
solid ends. A wislge adjnstment b# provided at the Jack- 
shaft Binl a plnln bronse bushing Inserted hy hydraulic 
pressure at the other end. The aolhl driving pin brnsses 
In the yufcea are free to movn vertically without bring¬ 
ing any atraln upon the rods. 

An efflclent Interlocktng hand- or foot-operated brake 
Is pnivideil with aboes ou all the wheels. These shoes 
are of the M. 0. B. tyiw and detachable from the brake- 
Iteacls, where Uealrod olr brakm alao can bo applied. 

The radiator Is substantially constructed with un- 
iisuslly large sarfsec and water caisicity. In appear- 
auce It Is very much tbe same as those osed on Urge 
automobile troclm. It Is of sueb proportions lu to pre¬ 
vent ove^lMatlng when developing fall imwer under 
the moat severe baullug cuudltlona. Air clrnilatlun la 
nialnUloed by a ten driven fhau the engine flywheel. 

What are the prospects of expawllng this type of 
locomotive Into large slses to take care of pogseager 
and freight work now handled almost exclnslvdy by 
steam loccmptivn? They are promMnB, bat even after 
sncceaatelly advlng aiich problems as MuiUcicnt isiwer, 
available qniee, method of power tMiismlaalon, etc.. It 
must be clearly damonatrated that fnaa an is-oiwmle 
slandpolnt Internal comboatlim lisstmnUves can bold 
thnir own with the well established slmm and electrl-! 
tyisw. 

In the light of preaent experience and knowledge, 
however, It seems more probable that permanent results 
will be obtained tw working In other directions. For In- 
stanee, there are attractive paaaiblllUee In tbe use of 
a loMsuotive muploylng compresaed air aa the working 
madliim. In sucli a mocfaloe the gas engine would be 
dlreeteaunerted to un ulr compreaaer teUvorlng olr to 
u auttolte nMTvolr, tha uli tram ttte tawnratr betiii 


iiUlMsl In cylinders and with inechanbim vury similar to 
IliiMO of stcum liHvanoUvea of Iho prcsiml time. 

It limy M Unit for Internal combuslluii locumotlves 
the prime mover Itself will be nmsi for quite a different 
imciNisf.. Instead of endeavurlug to pnslutv (he maxi¬ 
mum auioiiiit ut rotative effort at Ibu engine crniiksluft. 
the truiiHuilsHlun dlllloulty uuiy ls> obviated luiil tbe eltl- 
clciicy raised by producing dIrecUy fruiu the fuel Ibe 
muxhnuui niiiuant of exploded gas under pressure, which 
latter will then be cuuveyed to operating cylinders as 
111 the case wlinre cumpreased air Is the worklug me¬ 
dium. The meuhonbim for producing this explodisl 
clurgo may isMslbly follow present design n Itli resiiect 
lu the vasenllal parts of tho machine, but with siicli 
imrte obviously Intended for different piir|s»M<H, At first 
tboiiglit It might aptssir quite hupractlcsble to retain 
tbe beat and tliua the energy so pruiluusl, but thus fur 
It Is not known what can be done by explisltiig u cloirgc 
Inlo H container cuustruchsi for the sole purtsMe of re- 
luluing Its licnt us long us |HHslble--n nmtnliicr such 
us a vacuum bottle, for example .—Suglnrriiiio Itiigci- 
efne. 


ElTect of Moisture In the Korth on Temperiture 
of Underground rnUes 

la a iHisir on the alsive subject prcM'iitisI by I,. K. 
Iinlay at the Midwinter Convention of (lie Viiicrbviii 
liiHtltnta of Elcctrlcnl Knglnivrs, uiiil piiIiIIhIiisI In ihc 
Iraercilngi of the Suclct.v, Ihv aiiHior dcscrlls-K u |st 
mniieut inslallatluii which mis iiisde for h|]|i|, lying 
nioMiire to the csirlh In tlie ncighiMirliiHsI ,,f under¬ 
ground cables with llie object of reducing llidr leui- 
iwralure. The approximate tcmiSTnliire of the colilva 
Is found by taking wKh ii rcvUlaiico llicniioinclcr the 
lemiwraturu of a iluii ndjiicciit lu Uiu cable which Is 
Ibe source of heut. In uncovering tlie condiills uud ei- 
isjslug them to nlr, us a rcmisly for liol hihiIs In Iho 
cable. It wss fuiiiid iMt IJie sOJaceiit earth nus h,il and 
dry so that It crumbled lu isiwder. Thla suggested 
uls-ning a ditch lu the ground above the conduit and 
dlitsiliig a atreum of water Uirough It Thla was found 
to lower the temperatnre Immediately several degrees. 
Where an open condull was not practical, water was 
dlachnrged Into a vacant duct hy meuna of a hose, and 
this wss found to be more effective than Ihc oisin dlleli 
met bod. 

These ex|s>rlineiitN Ml to tho Installatbni of u line of 
porous tile duct In Ihe earth above the niudiill. siir- 
rounded with elMii sand. Tbe leakage of water Ihroiicli 
Ibe isirea of this duct has Issni found ler.i effectIvc In 
nsludug the lemperalure of the cahlea Whenever Ihc 
lemporatnrn of the cables Is found by exploring with a 
reslitanca thermometer to aiqironch the (langi«r isiiiit, 
water la turned Into the isiroiis drain tile, uinl ihc tcin- 
iwrature Is taken on sorccaalve days to see whtMhcr (he 
desired reduellon has been ohtalued. In this way one 
or two men, with resistance thermometers iitiachml lo 
long iMdi, can keep track of and control the lempera- 
tnra of tbe cable* in a large ayatem. No bnsikdowiis of 
InsDlation of cablea hare occurred due to high Icmpern- 
tun Man tbt adoption of this method. 
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Testinjj the Sensibility of Plants 

The Remarkable Investigations of Prof. Jajfadis Chuntler Bose 


Ntrikk nil iiiilniiil mill It wlnren. HtrHi«> a plant and 
It rcuiiiliiH iipiinmiilly iiinvHiNiiiah'H VK In the fulk 
liir<> Ilf iiliiiimt fviiry iiiilloii IhiiIi animal and plant life 
are |aietlmll.v uulllod, mill lliu iiiii' crwilloil wllb aeiiHa- 
lliiiiH iiklii lu lhoM< (if the iilbiT. Rvun iliuae Neleiitlata 
whii deal wKh llic |M)'ckuUH(y «f Inwer animal forma 
have fell ttiut tberv waa uo reawiu In aaannie that re- 
HiNiiim' In eileriiul eieltatlun ahould aaddenly eeaae 
with the ver)' low animal furui and he denied almost 
tnKether to plant life. Thcae vagne auaidetoua have at 
laat been tmiiHfurmed Into iioaltlve kuowledne, thanks 
to the reiy remarkable studies which Prof. Jagadla 
Cbonder Bose of Prasldencir Colletip, OakniUs, baa con- 
dueled fur a iierlud of many years and which hare 
oiicncd op in eutlrely new field In pbint phystology. 

I'mt Hone upiiruached hla task aa a physldat, at 
might be expected of one who had dlatlngulahed him- 
nelf for rewarchea on electric wavea which hare become 
clanalc. Fnim n man who baa succeeded In prodoclng 
an apparatna tor producing the ahorteat waves, thus 
hrlughig our liislniraentsl knowledge of radltUon 
within thirteen octaves of visible light, who has deter¬ 
mined the Index of the refraction of rarlons <veque 
Hiibstanrea, who has shown how total refledlon falls 
uheu the lhl<diiie» of the air spaca between two snb- 
HtsiKTes Is aburler Iban a certain critical value, depend- 
liiK on the ludex of refraction and the wave-length, 
who haa demnustralod the possibility of polsiiilng elec¬ 
tric rnys by various crystals, who haa constmeted two 
klinis of urtUldai molecules, which Ulm dextrose and 
lc\iilns4\ rotate the plane of polarisation of electric 
wuvcM to the right or lo Ibe left, who has demonslrated 
how snlwtsiiees which are strained in concentric dr- 
cles, Huch as wood with cononntrlo rings, project Into 
spare a dark rlectronagnetlc cross, snalogous to the 
dark cross exhibited by crystals, Uks saUclne—from 
anrh an ItiresltgaloF one natniallj expects extraor¬ 
dinary rrsnlta Bcallxlug that the Instrumental study 
of plant physiology baa been hampered chiefly by the 
crudity of ihe apparatus employed, Prof. Bona laTsntad 
a unmber of original types of reeorden and wlglnatad 
startlingly new methods of Investigation, with the re¬ 
mit that be was able to demonstrate that all planta ara 
sensitive and that they respond to stlmnll as well aa 
Ibe higher anlmala. To thoae who wish a datallad ao- 
munt of Ibeae remarkable studies, we wonld reeanuDend 
the reading of Prof. Bose's "Resesrebes on the Irrtta- 
buity of Plants."* Upon this work the atatemmta made 
In the following paragraphs are baaed. 

Beesuae of Its very eonaplcuons motlUty, Mimoaa haa 
been made the ohject of nmeh study on the part ot plani 

.. . hCi I 


lihyslolonlsls. notshly Ilaberlaiidt and I'felTer. l>rof. 
Hose Hiso IsKsii wllb MimoHS. It la the one plant 
which. In |)upular ueeeitlnnce. Is conspicuuusly "sensi¬ 
tive-.” It ought lo be no very dlfllcult matter, appareutly, 
to construct an a|)panitus which wonld record the 
movements ot that mawi of tlsmc In Ulmosa which Is 
known as the Pnlvlnns. We might construct an appa¬ 
ratus an shown In Mg. 1, consulting of an axis, sup¬ 
ported on frlctloulcsa Jeweled beartugs and carrying 
two anna of a borlioiital lever and a thin verticil wire 
wllb a bent tip to serve as a stylos or writer. A, point 
ot the petiole of the remondlng leaf conid be stlacbed 
by a silken tkread lo one arm of the lover, the other 
having on It a small weight to act as a counterpoise. 
When the leaf ftills under excitation It ought to puH 
down with It tile attached arm of the lever, and If the 
finely pointed bent end of the writer were to press 
lightly agnlnst the smoked snrGace of a glaaa plate, 
allowed to fliil at a uniform rate by meeni of clock¬ 
work. n nirve would be traced, which wonld not only 
rcruril the res|wnslvo movement and recovery, Imt also 
give thoir time relatlona The parts can be so propor¬ 
tioned ttaat the degree of msgniflcatlun or redaction of 
the movement of the lent as It appears In the record, 
rnfikl be very readily determined. However light the 
coutaet msy be between tbe stylos and the glani plate 
In the type of apparatna sketched In Fig. 1, and how¬ 
ever smooth tbe glass FecanUng surface, the record will 
he Inaccurate beennas ot the (ricthm enlatled. How can 
this be overcome, so that an abeidntely arcurntc record, 
free from emir, could be obtained? 

"It ucnirred to me at leot," saya Prot Boon, "that tbe 
ptuMem might find a solution If I conid socceed In 
making in Intarmlttsnt Instead of a contlnoons writing 
contact I hare solved this problem by devising two 
dlSWmit types of ai9*nttia. which I have called, re- 
specUrely, the oscillating recorder and the resonant 
recorder. In the farmer, the recording sarfsce Itself la 
made by an electromametlc device to vibrate to and 
fro, thoB bringing It Into porlodlc oontact with tbe writ¬ 
ing point” 

Hm reatmant recorder Is shown In Its entliaty In 
Fig. 2. A thread from a dock, not shown, paMN over 
the pnUey P, letting down the smoked recording plate; 
by means ot the kiow S', the distance of the writing 
pohit from tbe plate can be adjusted; tbe rerUeal ad¬ 
justment la effected by means of tbe screw 0. A tan¬ 
gent screw T renders It poariUe to adjust the plane of 
tbe recorder oxaetly panUel to tbe wriUng sortlMe; the 
axis of the writer la oapportod U the center of tba dr- 
cnlar Mid ot the aminet; F la the rlbrating reeoedar; 
and 0 la at MOkad ^aas ^ta, 


1’he reason for this peculiar conslrnctlon will become 
iiPIMrent when we consider tbe nature of tlin tnreetiini- 
tluiis wlilch must be mads. Time Intervals of one him- 
dredlbs of u second must bn measured. Clearly a heavy 
plate carrier cannot be made to oerUlate with such a 
high frequeucy. Ilcucs, Prof. Hose resorted tu the de¬ 
vice of making the wrlllng point vibrate to and fro at 
Ihe rcqnlred frtsinency, so as to make tbe necitMary 
Intermittent contacts with tbs snrface of the recording 
plate. A writing point made tu vibrate to and fro at 
right angles to the plate will in no way nffset the record 
beyoud tbat tact that, liistiwd of a coiitlnuoua line, n 
dotted line will be traced. I'here Is uo friction resnlt- 
Ing from cuntliiuons contact, and hence the reooid la 
arennita Tbe recording point must be given an Im- 
pnlae exactly prrpendlcolar to the dltectlon of Ha record¬ 
ing moremenL In order that tbe electromagnet shall 
bo wltbont Uterallty, Prot Roue makes the pole of the 
elcctrofflsgimt In the form of either a cylinder nr a ring; 
The axis, from which la snapended the writing Index, Is 
sccnrately supported perpeodlcnlar to the plane of the 
cIrenUir section of the magnetic pole and Ita center. 
Thns, everything h made symmetrlcaL and as there Is 
no laterality there oan be oo tendency whateoerec fi>r 
tbe ludex to execute Ita to and fro vibratlona In any 
other dlrectton than tbat which la perpendlcnlar to the 
plane of tbe terminal pole of tho magnet 

There la stlU to be overcame the dlIBcalty ot the 
irregalar tiailng ot these eleetrlral Impnlses, which are 
ti> malnlaln the recording Index or writer In a state of 
periodic rlbratlon. Prof Bose employa a long steel teed 
which In tho conrae of Ite regular vibration will period¬ 
ically interrupt the electromagnette drcult of the vi¬ 
brator COIL Tbe reed Itodt la malntolned In a atato of 
pondstont vibration by the amal electromagnatlfi ar¬ 
rangement Thit reed Interrnpter be eaUa a "coercer"; 
the writing Index he refers to as the ‘‘vibrating re¬ 
corder" or the “vlhMtar.” Obviously, If the natural 
freqacMcy of vibration of the recording Index la known 
and It by meana of aome meohanlsm we can send 
perlodle onrrenta ot exactly tbe same frequency tbrongh 
the eleetromagnet, then the Intermittent magnatle palls 
will exactly synchronlae with the natnnl swlnga of tho 
writing Index. Owing to thla perfect tanlng the Index 
will DOW MMMiBte, breaking out Into a pmristent and 
regular vlbratlan of cMuddmUe ampUtnda. Tho va- 
rlons freqimidei most sidteble tor tha rseordliig Index 
sre feund to be ten. twenty, fifty, one bundled, end two 
hundred vllmtioiH per second. 

The enormtraa adva^ags of Intermlttsat ovar em- 
rimioas oontoot is shown In tha raeotd rsprodnoad. ta 
ng. a Thaw n y w iii Bt fwo ■nenanlva s»irs*— qfe 
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lh« uimc leaf and Identical admolatlon—an electrical 
Hhock. The lower record waa taken with contlnoona 
contact and the upper with the aame recorder set In 
vibration so aa to five Intermittent cuotacta. The vibra¬ 
tion frequency waa ten tlmea per second. A comparison 
et the record ahowa how enormona la the error dne to 
frlcUoa Moreover, It la obvlona that the aocniate 
dotted record la very easily Interpreted, beeanae the 
record Itself contains Ita own tline marka, the sncceiailve 
dote IndhaUnR Intervals of one tenth of a second. 

With the aid of this apparatui Prof. Bose has very 
accnratoly measured the resimuse made by Mlmoea and 
other plants under mechanical, chemical, thermal, and 
electrical eicltation. 

The thermal mode of stimulation daservoa imnis ex¬ 
planation. It la llluetrated in Flf. 11. A loop of the 
platinum wire Is made to clasp around the pcUole, 
which la to be exeltsd, and la connected with an elec¬ 
trical cirenit by meana of One dexlble stiver wire. The 
circuit cnn ho completed by a metronome Interrupter, 
the current of the battery dowlng for a deflnlte lenath 
of time durinir, say, a single or dednlte number of beats 
of the metronome. Bncceaslve uniform sthnnll can be 
thus applied. Another pracdcal method of sllmulaUon 
la tlMt of condenser discharge shown In Pig. 18. The 
condenser conalstB essentially of two conducting plates 
which may be two sheets of tInfOll. separated by a 
sheet of non-conducting material, sneb as mica or 
parafflued paper. The condenser Is marked C and the 
key K. The Intra-eloctrodal mode of stimulation Is 
shown by diagram a, and the Indirect extra eleetrodal 
mode of stimulation by the diagram b. About two volts, 
chargliig OlB mlcrofiirad, Is, In general, fonnd to be snf- 
fldenb When the key K Is pressed down the condenser 
Is charged, the Instantancons charging cnrrwit passing 
In one direction. The npper arrow In this flgnre shows 
tho direction of this charging current When the key 
Is released It springs hack and discharges the condenser. 
The Instaatansoos discharge enrrent now flows In a 
roverse direction. In Fig. 16 an arrangement tor ap- 
plylng sln^e make or break ehock currents Is Ulus- 
trated. K bnliig the key In the primary circuit and the 
secondary drcult being capable of being ehort-clrcnlted 
alao by the second key. 

HtndM with the aid of the resonant recorder, differ¬ 
ent plants exhibit different cbaracterlstlca of response. 
In studying the ezdtotory reactions of the plant under 
extetnei sUmnlns It Is Ont ueeeeiiry to determine what 
time elapeas betweui (he Incidence of the sbodc end the 
IdUetlon of e pereoptlve reeponstve movement This 
conetltataa the determination of what Is known as the 
"latent period." It la alao deslrabla to aaeerimln at 
what rate thU rwpendva movement of the leaf takes 
pUce and after what ttme tiw eaqtraeUle phase of the 
movemmit to exhnuatod. After a short panes the plant 
gradually teeovtra from the tOaet of the ahodr and the 
leaf la re-CNetad to tte toniMr podtion. Hence, we 
wonld wtob to know the varloae mtae at which recovery 
gradually tahes ptaesk 

niflhnnt Vtonla exhibit dlSmBt eharaeteristtei of 
toipiiaua, VtA Boto dnda. Tha yaMttoag aye ralatlvnly 

to ■ mtoti oua oc 


MliiinKH, ill rammer the Intent period was one tenth of 
H MccoDd. The maximum fall of the l(«f was attained 
III three Hflconds and the recovery completed hi fifteen 
iiiliiuteH. After tho lapse of the latent period tho leaf 
begins to fail, at first with Increasing rapidity, which 
then again diminishes until It comeH to a stop. The 
curve described attained a maximum ampUtode, eorre- 
Hisiiiillng with the maximum fall of the leaf. The 
lieriod required up to thia point, Truf. Boho calls the 
"npox lime.” The rate of recovery lit Hlmoea to very 
rapid at tho beginning and very slow toward tbe end. 
The maximum rate of recovery was 0.00 millimeter per 
wcond. In contrast with tbe maximum rate of fiill of 
34 rallllmeton per seroini. The movement of recovery 
Is shout three hundred ttmes slower lhau tbe movement 
of exdUtory toll. As tbe Intensity of stlmnlas In- 
ersoses, the extent of responsive toll In Mlmoea In- 
ermsew. Stronger stimulus snd higher temperature have 
sIho a marked elfect on the rate of movement; more¬ 
over, tho rate of movement la decreased DDder fatigue. 
It Is curious that a stronger ettmulus, generally speak¬ 
ing, requires a longer period for recovery. Under the 
physiological depression Induced by winter, the respon¬ 
sive reactions sre modified, the Istent period to pro¬ 
longed and the amplltudn reduced. 

If, Inetend of giving the full period of rest necessary 
for complete protoplasmic recovery, the period of rest 
In shortened, a dlminntlon In the bright of response 
Indicative of totigue Is notril In the record. This qnlte 
agrees with the exhibition of totigue to be seen in mue- 
cle records In the same rircnrostancee of diminished 
Interval of rest. If a sub-tonic sperimen be tested for 
fstlgue, snccessiro responses arc found to undergo a 
gradual enhancement, or what Is known In muscle re- 
Hiniise—with which It Is exactly parallel, as a stalr- 
rnsc lucresse shown In Figs. 7 and 7a. When deprived 
Ilf the Invigorating Intlnence of favorable surroundliigs 
II idaiit hecomee anh-tonlc. 

Under the action of successive stimuli the tonic 
condition Is Improved The loss of tone, with Its con- 
sninent relaxation, will gradually give place to a better 
tone with Increasing tonic contnclloa Hence, the 
gradual bettering of tonic condition nnder sncceolve 
stimulations msy often find two slmnltanoous expreo- 
sliins. In the first place, the growing tone with Its 
Inrrnsslng norms! tonic contraction will be seen In the 
shifting of the base line upward. Recondly, It wUI be 
exhibited In the growing ampUtade of snceearive re¬ 
sponses. Thus are to he explslned the very remarkable 
records shown In Figs. 7 and Ta. 

In order to demonstrate Oie variation of excitability 
Induced by sudden dtmlimtlon of light. Prof. Bom tehee 
a sot of three normal reeponsee In dlffnee daylight Tbe 
chamber In which tbe plant to eouBned to then sndAeoly 
darkened by means of an opaque screen. It will be 
notieed In Fig. 8 that Ibe next two reaponses are nearly 
Bboltohed; the MritabUlty of the plant was, however, 
heglnnlng to be r e etored after forty-five mlnntae* ex- 
IMsiira to det i n u es. After an hour In derknese the 
cxrilablllty was tally restored, the response here being 
even larger than In Hght 

Pnt Bon Mdoad ti UauN a itopr—ton of eadta- 


hlllty on rainy days. This effect he was sflerwards 
sble to trace to tbe sbsur|itliin uf water by the piilvluus. 
The variation of motile rxritablllty by absorption iif 
water Is very elearly exhibited In Fig. & A jsilr of 
iiurmal uniform responses were Aral taken. A ilnq) of 
water was then applied on the pnlrinua, when the leaf 
was recovering from the second atlnmlus- The iwrtod 
of re«s)very was obviously very much prolrnried In con- 
seiiueiice of absorption of wati>r. The usual time for 
complete recovery to about fifteen mlnntee. In Ibis case 
It was prolongcil to forty-five mlnutea Tbe plant was 
obviously gorgisl and Inactive as s coaseiiuenee. 

Tbe effect of various gases upon plants has been 
studied wTIb the grcatisit care by Prof. nose. Osone 
stimulates: carlM>iilr arid gas, undiluted, deprossea. The 
va|N>r uf slcobnl produecs lutoxloatlon, which to quite 
H|i|mrent In the record, as shown In Fig. .4. Moreover, 
the rontiDUod action of alcohol vapor Intluccs depression. 

That a plant may he killed aa well na an animal 
every one of ns knows. Hut when docs It actually ex¬ 
pire? Plants that have been dead for hours are to the 
e>c ns fresh as If they were alive, (hic method by 
which the occurrence of deuth may be determined, Prof. 
Bose finds. Is tho abolition of that electric mpomw 
which Is cbaractcrtotlc of tbe living condition. A (dent, 
Nfl lung as It Is alive, gives In answer to a stlmulne a 
gnlvanomelric response. On the occurrence of death 
ihls parttcnlar response disaitpeara. He finda that the 
electric response Is abolished when the plant hae been 
subjected (or a time to a temperature of about 60 deg. 
Coot. Tbe plant Is placed In a water bath and the tem- 
INWHtnre of the hath to continuously raised hy the appll- 
Fstlon of a gaa or spirit (lame, very gradually uf coarse, 
so that there msy ls> no sudden varlalJon or anddeii 
exritatloii. In Fig. 1(1, the record was commenced at 
35 deg. Cent., and the succesalve dots In tho record are 
at Intervals of 1 deg. fJent Tho down curve Indicates 
tbe expansive erection of the loaf. As soon aa the tem- 
peralnre had reached 60 deg Cent there wia an abrii|)t 
Inveralon and Ibe spasmodic conlractloni took place at 
a very rapid rate. The successive dots In the upper 
imrtlon of the carve are at Intervals of 0.3 of a degree. 
The point of Inversion Indleales the death point, and 
the curve giving the death reconl may be regarded as 
the death curve. All attempts to Htlmulato a plant and 
to receive a responac fail after the death enrvp has once 
licen recorded. It to obvlons. therefore, that the plant to 
really dead. At 60 deg. Cent the last reaimnac given 
h) plsnta Invariably socma to occur. In taking an elec¬ 
trical record, It to found that an electric spasm atoo 
takes place at the critical temperature, which to very 
near 60 deg. Cent The death point of the idant. more¬ 
over, la (bond to be lowered under physiological depreo- 
Blon. Thtii, nnder fntlgne Induced by tetanhdiig eleo- 
trle nboeka, the death point la lowered from the nonnal 
fiO deg. Cent, to .17 deg. dent Poisonous re-agonte alao 
lower the death point In a paritcular caee Prof Boae 
ftmnd that a imtoonous aolutlnn of copper aulphate low¬ 
ered the death point hy 18 deg. Cent. 

If a plant Is thus responsive to extcniul Intliii'iHVs, 
If, In a word, It Is abtialtlve In a very real sense, w-c 
may well oek whether there to a tranemtoslon of a true 
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pxdtatory chanji* In the plant, and If ao, whetlwr tbere 
lit In it any ipecISc condncUiig tlMne oomapondinc 
Mllii tbe nerro of the animal tor the conreyance of 
rxpItaUona. It la known that the pxdtatlon of a lidiic 
ilaano la attended by a coneonltant electrte chanm of 
Miilvauometrle negativity. If we make anitable gal- 
vunometrlc eledric eonnecUona with two polnta on a 
nerve, and wo atlmnlate the nerve at a diatant point, 
we ehall And that the arrival of excitation from the 
lilHiHiit atlmulated point la, at a proper moment, dg- 
nallaed In the galvanometer by a deflection of a dellnlte 
aign. Rlmllarly, Prof. Bone haa found that the ei- 
cltalury change of galvanometiic negaUvity la trana- 
uiltted through a dlatanre to certain plant organa. Tla- 
NucH containing flbru-vmiculBr elementa, anch aa atema 
Hint pnllolea, are found to be good condnetora of ex- 
ellallona. Indlffermt tbwuea in leavee and tnbera poa- 
iHMi little power of conduction; In anch eaaea excitation 
n-muluH mure or leea locallxed. By applying atlmull of 
roiiHtant Intenalty and by allowing proper Intervala of 
nwt. anccciadTo valnea of velodty of tianamiaalon of 
i>\cliallun are obtained which are conatanL Antomatlc 
n-cordn have been obtained ahowlng a tlmo Interval an 
Hliiirt aa O.Ofl aecond. Tbe blghoat velodly of tranamla- 
Hlnti of excitation Prof. Dow found in the petinle of 
MlmiiHU to lie 80 milllmetera per aecond. Prof. Hone 
hna liocn able to ahow that exdtatory reaction la inlU- 
nied In the petiole of varloua Hcndtive planta by the 
dlMTlmlnatlve polar action of an electric enrrent Rx- 
I'ltiitlou la Induced at Ihe cathodic point at make and 
III Ihe anodic point at break. Tranomlfudon of anch un 
(•xi'llatory Irapulw lakm place In the abwiice of all 
mechanical diMtnrbanoeM. Krceae the plant or nitply 
cold locally, and tbo conducting power la abollahed. 
Polaon the plant locally and eondoctlvlty la again do- 
Hlroycd. It la evident that excitatory Impnbioa arc con- 
ilneted In planta qnltc aa they are in animala. 

Ill certain planta, anch aa the telegraph plant of 
liidlH, Hiwntancoua movementa of a rhythmic character 
limy Im olwerved A very remarkable atndy of thia 
plant wlilcfa Prof. Dow carried out ahowa that thnic 
rUylhinle pulaatlanM of the lolegniph plant leafleta may 
be correctly likened to the pnlantlnna of animal heart 
tlaaue. Ilecaaac a large plant cannot eaally be maiilim- 
laUil. Prof. Dow cxiicrlmciita with the detached petiole 


carrying tha palwtlag laaflaf. Aa is the eaaa €i tbo 
laulated heart in a auta of ataudatin, tbe matmoat cd 
the leaflet can be renewed la tha detached nmdien by 
tbe aM|riiceti<m of intaraal hydrowtaUe preware. Vndw 
tbew cewditinw the rhythmic poliatltma ate eerily 
maintained nnlftirm for many honra (Fig. 10). Aa 
abown In lig. 14, tha petiole after detachment le put 
III water and aioanted watertight. In the ahorter open 
end of a narrow V-tabe filled with water. Hie longw 
end of the U-tnba conriata partly of India rabbar tab- 
lug. By ralring or lowering tbia longer Umb of tha 
P-lube, the hydroriatie preamire to which the apeelmen 
U being anbjectad can be varied; different chemical 
mlutlfloa can alao be applied internally by ita meana; a 
atopcDCk tllowa tbe water to run ont of the TJ-tnbe, 
making way for tbe partlealar oolntlon ponted in at the 
mien end of the tnbe. Tha reannant recorder ahown in 
k'ig. 2 would not be able to trace recorda of tha amall- 
eot movementa of tha leaflet Tbt leafleta have a pull 
which la 00 very feeble that the inertia of writer cam 
not be overcome. Aa the pnU exwtcd by the Icoflela la 
tviy feebI^ the writer nroat be made extremely light 
The aedllatliig recorder haa been devlaed for this pnr- 
txne; an Inotniment In which the recording plate, by 
meana of an electric motor provided with an eccentric; 
la made to exeente a reci p roc a ting movement. Tha Im 
termlltenl duta thna produced may bo one in «eh lee- 
(ind or one in two aeeonds. Ae the uocUlatliig recorder 
liermlta the employment of a light gnaa hanlm for the 
recorder, a fair magiiltlcetion in the reeord may be ob- 
Inlued. Prof. Boee haa uaed both methodH. reaonant 
mid oBcillatlng, for obtatoiug Ihr reevrda. In Ihe former 
they appeer cnntlnuouH; In the hitter dotted. But when 
It la deolrable to obtain data for accurate lime meae- 
iiremenln of different plaatlc inovementii of the leaflet 
the iMcHlatlng recorder la employed. 

Am an example of the extreme regularity wbleh can 
lie Hpeured In the pntaatlng movementa of noch aped- 
ineiia, tbe record ahown in Fig. 10 may be elndled with 
Intereal. Thin In a eontinuons record laatlng for four 
lionm, the movementa thcmaclvm being maintained nnl- 
form for more titan wven honra. The run of the breadth 
of the plate waa aceompliahed in one hour and twenty 
luluuleM, nuecenive aeriea of reeorda being taken on the 
oame plate from below to alnive. Prof. How found that 


tlM appUeotlOB at Ibeefc to A laflftri in A atati at abm- 
atU] Indncee A ^de ^ a e vi iB fot 

movaneat of the liAt iqnvud. In a tyiM giuqilA e( 
the rhythado poriAtlM)«(the triagraph plAB^ riw kAriri 
acempUriiad Iti down movement in 41 wariidA no 
meximum rate of down BOTement lo flfl mintmrier fat 
•acood, the average rate haliig a44 ariUoMlw pat we* 
ond. The ported of np movewe ot la lengi r , befog 00 
aeeanda Hie moxfouiB rate of up lanriiwt la OM 
mllMmete r par aeeeiid, tbe averagi ttto bring flj ndlU* 
meter per aacMid. h tbe rhythale polwtlon offa fooffP 
heart variation of tempmturo dutngw the period and 
modiflw the anpUtuda of pnlaatloa. Prod Bope baa 
bom able to prove that the lowering trf toveratm bu 
eo the telagreph plant preelariy the muw eOeoi The 
rhythmic puliation of tbe eardite Owne le arywted 
when aabjaeted to a certain low tawperatare. Hw* 
Uarly, the palwUon of the telegraph plant k airwted 
at a infllelently low temperatare. The oritlwl petait la 
•omewhat modlOed by the condition of tha verimA 
With vigoroiB qwdmona the tanpaatore at which ar* 
reet iakw pUce may be oa low aa 17 deg. OenL The 
convene la ako irne. Increaw the temperature and the 
pulaatlona of the telagrapb plant wUl becowe mote 
marked. Alcohol haa a marked action upon the hwrt 
What la ita effect upon tbe telegnph plut’a leafletaT 
Prof. Boee foond that atrong aloiritol aoInUont Induce a 
depieaalon which may permanently arreat tbo pnlwtion. 
exactly aa In tbe «aw of cardiac tloaue. The effect of 
corhoDlc arid gas ia ahown in Fig. ft DUntad with air, 
thin gaa canaw an enhancement of amplitude, though 
the period becomw longer. Ffooh air prodnew a re* 
rival of normal paloatinn. Bthw prodnew at first a 
Intnalent exaltation, followed by dqireaaion and arreat 
of pnlwUon. Mote pronounced ia the affect of chhiro- 
fonn, which ia far more toxic in ita action. Carbon dl- 
aulpfalde anesta tha polwtliig activity at the plant 
Copper aniphate alao produew an arreat of pnlaatloa. 
Do powerfnl la the poiowMma effect of potawinm cyanide 
wintlon that rhythmic acttvlty of the telegnph plant 
la very quickly abollahed. The effect of acida and 
alkallB oa tbe rhythmic movementa of the telegnph 
plant are, aa on the animal heart, antagonlaHa 


What Happeag When Ganpowtler Ezplodea* 

Tub haala of uuidern amokelMB powder ia gunoolton, 
lo which a groat variety of forma can lie given, but (he 
effloiency of the exploolve ia greatly inereaaed by an 
admixture of nltro^oerine. To ayntbetie eheiniiitry 
we owo both aniokelew powdor ond the high nxiiloeivea 
whieh are iiMid fur filling iholla and bomba. IMorin 
neid ww flmt employod for thia piirpoao, inatoad of 
black gunpowder, about .10 yean ago, but fur the laat 
in yuan pierie acid has been aupermded by trinitrotoluol, 
wlileli nliaflea the miuiromenta better than any other 
known uxiiloaivo 

The expliiiinn of a eluuge of powder in a rifle or a 
eaiiniiii ia dcoignoil to impel llie pnijeetiln forward with 
gnuliiully inennsing velocity, wKhoiil endangering the 
iiib'Krity Ilf the gun by excesHivo gaa preaauro. Tlie 
elutiire Ilf a ahell, on the iilhiT hand, is designed to ahalter 
nnil iliulniy by gein-rating Ilic maximum preaaure in the 
alKirP'iil iioaaiblu time. 

Tile preaaurn eoiioud by expliaiion doponda, in the first 
pIa<-«, on the quantity of gna gem-rat^, which con be 
meaaun'il by exploding a amall known quantity of tbe 
powder in a very atrong, thiek-wallivl ahell, eeiuiected 
with a gaBomoter. In Ibia way it ia found that bloek 
guiipiiwdiT produi-ea 291), gimeottnn OfiU, and trinitm- 
liiliiiil 970 liten of gaa, jior kilogramme of explosive, the 
gna lieing meoaured at atmoapherie pmwure (700 mJIIl- 
ineteni) anil at 0 deg. Cent. 

The imiaaurea develo)icil in large artillery guns am 
very gi«<at, varying from 2,001) to 3,000 atmoaphoros. 
Ill order to withstand these onormoua preamires guni 
am made of nlokel-eUiel, ohromo-atcri and other hn- 
provod atoela, some of which are so strung that they 
rcsiat even the jiremature exploakiu iif a shell In the gun. 
The improvement tliat boa been mode bi gun material 
m ebon n in the followi ng table in which “tenallo attength" 
la tile welghl, in kilegraiimieH, required to pull asunder 
a liar one eenliincliT Hquiire; "efauiliu limit" ia the weight 
required to prndiiro |M<niianeiit ine re aae in length, and 
"extenalhility" is (lie pcm-nlagi- of the original length 
by which the bar ia atrctcluMl at the instant of rupture. 
Tbe oxtonoiblUty furnishes a mt<aaurv of the tonghniw 
ofthematarUL 

Tenallr Eliitli! 

atrvmtb. limit. RitMatUllty. 

Caalintn.. .. 2^140 1,110 0.4 

Cuiiimenateiil. .. 4,200 2,440 11.5 

Niekel steel 7..''il<n 4,400 18.0 


Bpeoiol eonalruetion, as well aa strong materials, ore 
required to wlUiatand the iweaeurea devniuped by mndarn 
exploaivee. A cannon is now always composed of several 
parte, ao omnged that the outer parte exert preeauro 
u|K>n the inner porta even when the'gun la not in uw. 
Thia principle haa led to the eonatnietlon of mantled 
and ringed goni in Qermony, and of wiro-wonnd guns in 
RngUnd. 

Oun-mokors have ilevoted much attention to tha 
problem of making the powder chamber gas-light. With 
oortridgo ammunition tlm braaa ahell ri tbe ooitridge 
furniahea the required einanre beMnd. In gnna of larger 
oallbnr the aamo reeuU ia aeoompliahed by means of 
packing rings of soft eop|ier. Tn front, gas-light closure 
is offooted by the projentiln wbieb is pieaaod tightly 
into the rifling. 

The exploakm of the projeotile la noeompanied by a 
reaeliun, called the reooU, which impels the gun baek- 
word. Even in field pieoea the foroe of the neoil may 
amount to 100 tons, iJid it Is proportionately greater in 
large naval and d<«e guns. Thb tromandoua shock 
must, of oourao, be token up by the mounting of the gun. 

The rate at whieh the gas pneeure ia drvrioped la aa 
imporlanl as Its nuudmnm value. It hoe not been 
found poaalble to measure dlreoUy tbe variations of 
preaaure during the duahargn, but they have been 
determined indlreetly by reccing Uio poaaage of tbe 
projeotile through tte bore. The gas preasnrea eon be 
deduced from the measured vekiritiM of the proJeeUle 
in the born. 

The ideal condition would be ounataut pnaaure from 
the start of tbe projeetfie to its emeigenoe from the 
muule, but thb oondirion eonnot be reolbed. The 
pr e mur e inerneaea as long aa the effeet of the lihention 
of fresh gas exeeeda the effeet of the apace added by the 
advoime of tha projeeUIa. The premure dhniniahei (mn 
thb point, and drops suddenly to atmospberio pleas u re 
whan the projeetfle bavea the gun. The veloeity of the 
prnjeetib variai In a rimnar manner, attaining a moxi- 
mum value At a oertAln point, and diminfahing somewhat 
toward tiu moialo. 

The aaieiiy of on tx|dealve b determined by tha heat 
prodnoed by lb expkrion, or eombwttoB, Only 10 to 
as per emt of thb eneq^ b tranffoimed into the kfawtie 
energy of the projeetfle, tha teat being eonsumed in 
oveteomlii|&lefom,hea4tagandexpflIingthegaaea,pK- 
dneiiig the neoil of the gun, ate, 

Tlia heat of e omb ut l l o a of an explorive b mawrid 
by ex ploding a small qaaotity in a strong shall Imwiawad 
foAWAtweohiriiiMforwHhAdrileAtottMmomAfor. In 
thb w^r It b foABd font Maik gmiiiowdfo pndiifoi 


750, gnneotton powdar MO, nlboglyaarlne powder 1,380, 
and trinltrohduol 720 oaloTha per kUognimne of ex- 
ploaive, a eaJorie being the quantity of heat required to 
rabe the tompetatnro of one MIngTamma of water 1 dc*. 
Cent. These vnlum an mneh loww than tbooe ob¬ 
tained with many noat-oxpkxdve eombostiblas, but the 
rapidity of expbaive oombartian produooi very high 
tempoTotures. The temperotan of explorien baa never 
been moaauted diieotly bnt itoan be ooleuloted opproxt- 
matdy from tbe heat of eombastloii at tbe oi|Mve 
and the speolflo heat of tha gases produeod. Thus the 
expkieion temperature of a powder naad in InfAatry rlAea 
in Germany b cetfanotod at 2,100 deg. Cent. Theee 
high tmnperatpree greatly bureaae the gaa praamin and 
the veloolty of the projeotile, bnt thqy also riiorton the 
uouful llfo of Uie gun. 

The veloolty with whieh ignition ptogremoi in ex- 
ploaivea b aatonbhingly greak In pls^ arid it b 8,000 
moton (about 0 mflea) p« noowL Loom gunootton- 
b oompbtriy eonfumed in 0.0004 aaeond, blaok gun¬ 
powder in ODOIS aeoond whan finely pnlverbad, 01)067 
second whan In grannlar form, and OH084 aaeond when 
strong eompremed. Henoa it vpeon thnt the vebrity 
of IgnltioB b affeeted by the denaHy of the explosive and b 
greatly dlmln b h a d by ow n iirwrio ii . Tha veloeity of 
igniUoa dependi tbo on the ipoM nvoBaUe for the 
oxploaian. Hie e^lorion of a heavy rimtge In a very 

the eombnatlQB. In medam prwito the riioiie at 
amokelem powder vridohbused about hrif flib thepow^ 
der ehambar. , 

Aommts knowbdge of the ignltioB vekidty b ueeee- 
mry in order to datotniiw the eOefoney of a powdar. 
Hm Meal powder would be eompletaly oonaniMd ametly 

At tha Instant when tha projeetfle emetgei from the gun. 
TbbeonditionbnotAttolntdinpinetloq. .^tbomwlildi 
Iniflnut ai ttnfliifah»d oonbnitlon ilwtspi liiiifei bon tfio 
mmitb of the gun. Ia aonm eonditfonk, thb fiser 
may go for tawKd eonntecbalaarii« the advontHfo at 
i wnVa iwi powder. 

Xxplorivas diflar very greatly In jenrifiwwm, or 
UablUty to rngdoahm by maabaabri Aooki neiMri- 
ifoeBiHbnuAnndbyMtiBgAwrilhtfIdloattiaan. 
pMvn from a hriidri vridah b gnddally iiHMaaril natfl 


b 1 oaafliBfow hr fldmifiAta ol dv«,» peattriefot* ttir 
lderieAtld,andlOffillkttaMfofotetihdltiob^ iVk 


ia point of TH k— iwiaiii Wihflto ; 
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IVGatuDaa* 

C. D. Wwfk IL A*, fee. C I. 

Is s pi«ar,* wtItM “Inter Oeaule Onnnl 
h> A. O ItaMcnl, H An foe. a >. U te etetefl tbat 
the OoTomniMit OonwilMtnn, mpolntod In 187B, x«> 
iNtftod, u to • eannl with locks, tram Colon to Fanum, 

*nn rirer (COmcrw) is prapossd to bo er osssa bj 
ntesns of an squednet barliig twalra spans of 90 fnt 
eaob. 1,900 foot aittaine lanctli, OB toot wide, and 90 


In dlseimrinc tUs papor,' tbs late Aabbel Wekb past 
maldant, Am Soe. 0 B, a tboroa^ and noted canal 
cnslnear In tala da 7 , aald 

“Ttao flint tbooiht of an American canal and rlTcr 
capinoer, on looking at U. do lasaepa'a raised map la 
to eenrart tbe rallay of ttae lower Ohagrea Into an arU 
fldal lakn somo twenty miles 1<mg, by a dam ocroaa tlio 
Talley at or near ttae point where ttae propoaed canal 
Ntrlkas U a tea mllei ftom Colon, anch as aas adro 
eatod by Mr 0 D Ward." 

Tbe alto proposed for this dam was at Oatim, 7 0 miles 
from deep water at Colon tbe end of the canal Bnt 
as la well known, tbe nae of locks was not to be thought 
of under M do Leasepa dondnatimi, and a sealerel 
cnnal aaa comnimtoed In 1888 

In 1R8T It was at last deUdad that locks wonld have 
to be need, and from tbat time to the present, eariona 
locatloiia and eleratlons for ttae neesaaaty locks hare 
been sugaested and dtlllcrent slbea for ttae great dam 
selaetad 

Tbs New Panama Canal Company and the Isthmian 
Canal Commisalon of 1889 the latest anfhorltlca agree 
In locating tho dam near Bohlo, 1011 miles from dmp 
water at Orion or 9 miles farther np stream Ihan 


* This papn wu pmrateC at tb« nuetlns of Oir Americaii 
Rodoty of QtU ynglBMn Hay IStt 1004 It li rapndnnd 
hi r« tor tbe parpoM of ibonliis tbat In 1004 of one ymr 
befOn the Boaid of CoiuolUos OngUMon appolntad by I>mil 
di>nt Baaserelt adoptod the plan for a lock canal Mr Want 
had formally advocated the cosatnctlan of th< dam at Oatun 
Colonel 0 W Ooctbala In a Mtir to Hr Ward wtolo In 
lOOT lha acrrlca yon randoRd la ealllns atlroUon to th< 
ftaatUllty of the Gatiin Dam In a papir preaenUd to (hi 
Amarlcan SoUctv of Olvtl Haslncera la racosniicd by the Bn 
gtnmrlaa < ommIUcc BdltoiUl dlaeuaalon of thta paper will 
ba found la tbo enr^nt laaue of tb* floiesTieir Auuicas 

• IVonaaotimM Am Hoc C H, ISTO vol vlll p 311 
■ rhSMonltona Am Soe 0 ■ 1880 vol la p 148 


Qatnn, tbe location snggasted by Hr Weldi In 1880 
rnrttaeraioee, tbe Istbalan Canal Commlaslon anya in 
Its report that no loatfam inlteble tor a dam eslsts on 
the Cbagna RlTer below Bohlo*" 

Tbe late George 8 Mwlaon, past president, Am Hoc 
0 E, a member of the Iithmlan Cenal Commlmdoa, 
cummeneed tala paper on ttae Hoblo dam which was me 
sented to this aodely on Match Bth, 1902,* with this 

AU eiigloeerB aho have examined the route of the 
Penaina Canal agree that the neighborhood of Bohlo Is 
the onlv available locatloB for the dam by which the 
summit level most be maintained ” 

Neither of tbcao anthorities menUona or gives aii} 

< onsldcratlon to the project of a dam at Gatuii nor 
even condemns It nor is the writer aware that any 
soondlngs or other cTamlnattonf looking to ■ dam at 
thia point have ever been nude 
As this qnesHon may be wortby of more considers 
Hon than it seems to have rccelTed some of its sdinn 
tagew mnv be itatod The canal as proposed by ttae 
latest antborlty the Isthmian Canal Cummlsnlon nisT 
bi briefly deecribed as follows From deep water In 
( olou harlmr to the Bohlo locks the Atlantic maritime 
level cot mostlT throngh the low flat valley of tin 
t hngrcH will be IflSl miles long The two Bohlo locks 
with a lift of 41 fevt each reach the Bohlo lake formevl 
bv the Bvihio dam with a mnilmum elevation of Ml 
fed above tide In Colon linrlsir and an area of -ill 
square miles Ibe summit level thus sttsined extends 
IhriHigh tho Culebra ent The distance from tho Bohlo 
locks to the ('nlebni cut la 1181 mllee and from thence 
tlirongb thi Cniebra cut to Ihi Pedro Hignit locks at 
Ihe farther end of the level the distance Is 701 mill a 
Ihi mavlmnm lorolilned ftall of these two locks Is (U 
fiet From I*edro Mlgiiel locks a levtl of 1 M miles 
ixteiids to Mlraflores Inik which has a maximnm fall 
of 3N feet to mean low tide In Panama harbor For a 
diatonce of 41i miles bevond this lock Ibe canal ex 
tends through the low swamp} eountrv In whlih Ihe 
Rio niande flown to a point known as I a Bmn on the 
idge of Panama Bay A disilged channel extends from 
this point 441 miles to the II fathom line In PunaroH 
May _ 

' Report of tbe Iiithinisn i anal i ommlnlnn IS 111 ml 
P «b 

«rranaaoKma Am Six « P vol xtvill p 211 


Allowing 090 mile tor the various locka the total 
length of the canal la 49 00 mllas 

Aa to tba snggaated dam at Qatnn the New Panama 
Canal Company haa made a contour map of tho region 
where the dam would probably be located, if at all 
If a dam wete built here, tanpomHUng tbe water to an 
(deration of 00 feat, then, of course, the Bohlo dam and 
tbe locks and spillway would be emitted, and locks 
would be bnUt at Oatun. 

Ilia length of the dam would be 8700 feet, while the 
length of the Bohlo dam la 2140 feet The area of the 
scellna la neerl} three tlmea that at Bohlo, then ton 
It might not be out of tbe wav for the present, to say 
that ttae cost of ttae Qatnn dam would poaslbly be thni 
times that estimated tor tbe Hoblo dam or glOlOhOJO 
At prvoent, there saemi to be no reason to tblnk that 
the locks would coat moro at one place than at thi 
olher but tbe spillway ataunld be somewhat longer mil 
might coat more There may be a question whettaer thi 
hills to tbe west of Oatun are high enough to contiilii 
the tiatnn lake at an elevation of 00 feet but ttae raised 
map made by ttae New Panama Canal Company, a re 
produetlon of which la to be seen at Culnmbia Tinivir 
sllv Indicates sufficiently high ground Tbe lake would 
evil ml tor up tbe valley of the Bio Gatun on tbe east 
Slid the Rio Trinidad on tho west, and aubmeige ttao 

I hagrea Talley tor 0 miles, Inelndlng the Aqna Clara 
Pena Blanca Vino Tlnto and Brnja Swamps cover 20 
or 10 aqnare miles of swampy land and thus Improve 
tbe hcBlthtulueaa of ttae country Ttala lake area added 
to the 381 aqnare miles of the Boblo lake would he a 
benefit in every wav and would render the Alhajuela 
(lam on the Upper Chagrvs annoceaanrv Between 
(•ahvn and Bohlo the excavation of (he an l(.Tel canal 
III) Pena Rlancn awamp outlet to Aqua Clara swamp 
III! ( h i|,rcs dtveraion from Aqna Clara swamp to near 
1,1111111 and the dlvoralon of the Rio Qatnn would be- 
lomi nnneceasary and their cost would be aaved. 
Ibese Itema amonnt to |14fl3S004 a mim large enough 
to puv the amarned extra (,os( of the r.atun dam and 
have ahoiit 12000000 to pav for changing tho line of 
till llinama Railroad and tho posalhle addlUonal rost 
of the Htilllway If these aasnmptlons abonid piov( 
pradteable the resnit wmild bo a better and aafir 
eaiiBl shorter time of transit nnd moro heelttav coiidl 

I I Ilia all at no greater coot and with lower malntcnauei 
ihaiibcv 


PriotioK for Ihe Hliid 

Ona of tbo noblest works of man baa boen bla efforts 
to Irwd bis blind brother, and eapcdally to enable blm 
to re id bv bla aeiiae of toneb A number of puhilea 
Hons for (he bHml are showrn In an exhibit of tbe 
Qraphlc Arta dIvMoii of lh( 1' s Nntloiml Mnacnm In 
the Hmlthaoulaii building Th( drat efforts In (his con 
neetion are iredlted to a Hpanlard named tranceaco 
I ucaa who plnniied tho engraving of Iiritera nn bltmka 
In thi alxteenth cenlurv Hla actaemo was followed In 
1C40 by a avatem of laat lead Idteia planned by Plerro 
Hoieavi of Parla who nnfnrinimlily had not the maans 
to cirrv out hla Idin Iherr followed avatPiDa of dif 
fv rent aorta plna ael In i nahhaia wisiden li ttera tho 
movable metal lettua of Ihi I*uIhisivix tbe lelten ent 
III lardlmard, and pricked mniis made liv R Wleaaem 
boiiig a Oerman with which he ancccedevl In teaching 
Mile Hindis a talented mnslclnn 

The hguor of being tbo flrst to Intrmltsv printing tor 
the blind In rained charactira like embOMSlng la at 
tiUnited to Abbe Talenttn llnuv of Paris who effected 
hla plan In 1784 the resnlt of hla accldvntally diacov 
erlng that hla blind pupil could reed parla of a printed 
oard heavily Indented by the typoa Relief printing was 
the result 

Tames Qall of Rdlnbnrgh cwiboased several elcmcn 
tary worlw and was tbo tirat to coiidlvi the Idea of 
printing Ihe Bible tor the Wind he eompleted Ihe 
(idiaiel of St Tiriin In 1884 Ilia Ityatpm cmploviil the 
(ommon Hiigllah letter but replaaod the turvea liv 
anglea Printing for the blind was rammenced In Ihe 
United fltates In 1833 at Hoaton and Fhllnddphia Im 
proremento were made hy Fricdlanitar UnenH Wall 
Frere, Ilowe, and Kneaaa T)r S a Howe of Rvaitoii 
Mtabltabed a ayatem In which be naed tbe Inwvi cane 
XogUsli tetter without rapltels, aud like Qnil with 
anglea InatMid of eurrea Id this mumier he printed 
the entire New Tratomeiit In 1888 and eompleted Ihe 
Bible In 1848 

A method denrlv mvnnt tor adnlta and persons wboae 
llDgera are not as senattlrfl ta fhnae of yontb was ef 
tsetod by Dr WlUfaun Uoga vU Bngtend In ]S47 This 
p in iwr r ad put of tbo onUine of the Romau letters, but 
wga Bo yir tha l ote one of ttao artritiatT nyrtema and la 
toe nwlflidy tor geueai nan One toolnre of this style 
la ibfl goMa tor the render’s flngar at ttae end of the 
ttiaai t&» vrtn nnadmd ftnen are nad trom rl|Iit to 


llie arlillmr) point aystrm was Invented early In 
(Ik, nineteenth cetilory by Cnpt Charlea Barblcr a 
t reiK b officer who subatltnted embossed dots tor lines 
Ihls was arranged In Its pnsent form bv I oula Brallli 
II pupil who nftirwnrd Imviine a pmleNHor In an Insll 
liillmi for Hie blind In Paris An It Is uissl to dsv Ihls 
svslim evimprisis (omblnallons of six dots arranged In 
two VIrileal Hius of (hn>e raeh making isiiwlbli sixtv 
tbn( illflircnt uimblnatlons \ W npiiMinted by 

and ' T' by while stands for and 

Nutnnillv ttai alphilHtbal systimiH are of ailvaatag^ 
otir tlksM of on Hrbllrniv iialiire sime tiny may Is 
nsd bv svwliig isiwhim with (uw eniibllng aiivone to 
nail or teuili from aroli btsiks while ii M|s.ila) tvaibir 
In nqnlred to instrnrt In Ihe otters 
1h( drst hooks for tbe blind wire virv bnik} nnd 
iiiinv attempted to deirease their sire and nmwqvDntlv 
Hh ((s.t rhey nre slill voluminous bowevir threi 
imin volumes Hum nn nqiiind tor iiii ordlnirv iiiij 
vluisdln Irnlng nquind to <om|I(te lb fra a Kniiliison 
I rus(s> One of (he seveial tesiWs to be sis n In thi 
iiiIlntlonN In the Bmlthsonten hiilldliig Is a bulky vol 
nrai of this work 

llii ihbf American s}sl( ms nre I It brbdbiiiili rs 
Komsii (Rpitals In wbbh lias Isiii pi Inti d thi onlv 
illiHiaian for tin blind rinwes nngiiliii lower lase 
bitirs till FmKb al|ihatet with i ipllnis nnd ronmlnl 
lower inso letters and Knensas Improved svstem com 
blDlng capitala and angnlni biwir msi letliiN t|i 
lowir ease littere with (alia telng rnlNiil so Hint ihi 
IHirl exteiidid below this llm Hn Inst sivb wps tin 
hiiiiivHtInii of a Mind wrltir N II km ass |i nlm 
also latabllKteil a magarlin tor tin bllml In 1Sl,7 
The lirnphb Arts exhibit Doitniiis siimplrs of Hie 
Kneoan aystem and n copy of bis Plilladrlphln IfirpiclNi 
for tke BHad PubllcaHona iff Ihe Ilnwi Mimorlal 
PresB of Boston ttaa Amerlean I'rliiHiig nniiae fur the 
Blind of LaalarUle, and ainslmiiis of tte Mism nnd 
Braille ayatnns are oten slinwii logilhir wllh nllif 
niiips and lllnstratlona. 

EaedrolTtk In» Melted in Vneno 
At a meeting of the Urbana Section of tlie Amirieiin 
Institute of niectrical Rnglneini nn InleresHiig imper 
was retd by Trygve P Tensen on the above subject 
Tba toUowlBg abatiact «f tbe nuUwra rmnarka la do 


rivid from the Prorcediaps of tbe Tnatitntc In which the 
pipir was pnbllahed 

I Icrtrolvtlc Iron of a purity of <n 07 In 9008 per cent 
was milled In fused magnesia ernelhlia In a modiflid 
Irvem fnmnee forged Into rods macblned and an 
IK all'll 111 III ills trie fnrnaic according to variona heat 

The makiiiHi pr< imtHch were nbtalnid by the Rur 
rows doiibb Imr method DetermlnnHona were nlao 
made of llii ilediual rcslstnnee chemical compnaltlon 
and phvslial proiicrtlea Inelndlng mlcrostiiictnre and 
critical tcmtMiatures aa well aa tinalle testa A few 
eommerelil liin and HtecI aamples were tested tor rom 
pirlson 

Till follovvlng valuable reanlla were obtained 
1 Pun Iron nulled In an almusphere of carbon moii 
nxidi under etmosiihcric pressnre will absorb both ciir 
bon and oxygen with the result that tlic Iron tliiia 
pioduccd la of an Inferior magnetic quality 
i low carbuu Iron melted «ii t>ac%o will lose BO b IIO 
im nut of Us oilglaal enrhou eonlent 
3 The magnetic quality of elartrnl)tl( Iron moiled 
IB tacun Is decidedly siipi rior to nnv grade of Iron thus 
tor pruduiid Ihe maximnm larmeablllt} obtained telng 
10OIK) HI I linx deiigllv of 0100 gausses Thi aviragi 
h sliresis loss nbtnined te lesa than 60 |ier leiit of thst 
f( nnd In Ihe last xiade of lommerdal trinstormir steel 
due In (hi fiiit Hml Ihi iisnlvi tone Is vor} miuh 
lonei lhaii for hllleon slis I Hlliovigh Ibe rctintlvlly Is 
liUlii I 

I llie MiKsIlK ilectricil riNlsIiiiiee of pun Iron 
uiilliil in tiKMo Is <l<m mknihms pi r ii iiHmi ter mils 
n Swedish Ilisn sil Iniii milted in tmao has a miii, 
III III inilltv iipi invlinntliig thnI if ilectrolvlb Iron 
iiiiltvsl III tnisri ilibllv dm to Ihi n liicHoii of tin 
I lllslll (Olllllll 

Hu author angxists thit thi hUb ilislrknl lonibii 
tivltv and hence large iddv eurn iil loswa in this ninti 
rinl miv possibl} te> gnntiv ndiieid bv Hu idditbm of 
slllism nr alnmililnm with iil virv iiiivli ii illv alTislIn. 
Hu inagiHlIi i|iialltv 

V IhMtNI for flNtiiiliih Ulilll III iiiilll In kIm I III 
Hu dauvsiim VathinM H eoiislatM il ihlrtv luils 
pIsNlir of tairls Im 1 iris i,r Iron miii).N ii,d liiilf i 

Beetle arid added to make a thin piiNte which must lie 
uwil Imuiedlatoly 
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A South Anericoii Jitagle aliMig the Paragtwy. 

The Roosevelt-Rondon Scientific Expedition—I' 

Its Movements in South America and Some of Its Zoological Achievements. 

By L. E. Miller, Mammalogist of tJic Expedition 


Tbc pim of the expedition, fully lU'oided upon after 
oonmilUtion with the nmziliaii Bovcrnmcnt on arrival 
at Rio de .TatU'ini, Netk hIihiic oh folliiwn; pi iu«<eud tin' 
Patagtiay In the hlichcHl naviirahlu imlut, cnieA the vael 
bniadlh of MalUi tlnimm mi iimUvhaek anil dceceiid 
tlm uiMixplunil Uin de Odi idn. 11 aae dixiidisl iUmi that 
llm mala purpoiai of the I'XiMehlhm ehuuld b<> aii ex> 
plorallon of the Itio da Odvida with xnulogiral eollwitiiig 
ax wo movod along or ax opportunity pruxentod lUxilf. 

Thu Bloanixhip “Vandyek” ruiiuuned at anvIiuniKu in 
tho harbor of Rio do Janeiro two ilayx, whieh gave im 
ample time to view the natural xoonhi wundon of IIm' 
harbor, and tho lN<Hiitifiil eity. Tho gri'aUT iiart of one 
day wax himiiiI ill tho iKilanieal gardenx whioh with the 
avKiiura of xtaluly royal iialinii and largo oollootiunx of 
plaiitx from all partx of tiui tropioal world, doubtloHi xur- 
|iaw anything uf a xunilar nature found in Huiitli America. 
JliTii Cxdonel Itoowvolt left llio imrty, aoruiniianied 
by hiH xon Kermit and Poctor Kalun; the ri'niaindor uf 
tho expedition nonxinting of Mr. Qoorge K. ('herrie, Mr. 
Jacob Higg, Mr. Anthony h'iala and myxolf, rexumod tlm 
voyage and reaehtMl Llueinm Airei aix dayx later (Orloher 
27th), 23 day* alter leaving New York. We lunl Mlo)i|wd 
a day at Bantus, Rruxil'N great cuITih) miller, and another 
at Montevideo, the i-apifnl of Uruguay. 

Mr. Cherrie ami (lie sriti-r weri' eogiT to devote every 
uioilable mouieiil Ui tlio /jMilogiral work, mi having 
Meiuirii. Kiala and Bigg, whoso duly it wue to look after 
the Imudling of the large anioiiiil. of ini|>ediinenta, we 
■wenred passage on the .\rgeiitiiii< NortliiaHlom Kail- 
niad, w'bieh had jiixt iiiaiigumliil Ihmiigh MTvien to 
Aseunion, I’aragnay. We look only the snuill bjiioiiiiI 
of equipment Iiecesiuir.v for a few wix-ks' work ae the tun 
olhiTH were to come u|> willi the nmialndrr of oiir luggage 
via the tint available fn-ight Uiat. Our train was the 
mwind to make the thniugli trip, and was soiiixliileil to 
run Ill-weekly. It was Hini|MnHMl of M<ven IhiUniaoH, iwo 
Iwggnge ears and a diiuiig car, and the service wax giaid. 
Ixaviiig lliienux Ain'x on the afternoon of Kiinilay, 
Noi ernluT 2d. we navliiHl Roxario at about dork. I len' 
the Iruin wax nin on to a sUxil boat and oarriod up nier 
for about 4 hourx, after which it continued the ]oiiriH>y 
on tho ooxt liank of the Paiani. Tho next night we 
uroxsed the river on a ferry Ixuil and were landed at 
Knrumaeion, I’arugiia.x. Asuneion wax reached late in 
llie nfternixin of Tinwlay. 

Till- railway journey luul Ixxili through level plains 
eiiiiniry, iiitersiu'rxixl at long iiitervalx witli xniall elumpa 
and slniHi of low wooilx; but it is osscutlully a gnuiog 
coiiiitry, and we punxetl iiuuieniiix herds of mlUc oun- 
teiilixll.y graxiiig in the vast, femiHueloHed rangw. 
Klalking eulniiy among the henis weri' HiiialhliaiHls of 
• Pruiu Ills XHsrtc’ax Vuusst Jvim»L 


rheas, Keni|,xlauestl«at«d, but they were not abundant. Tfanough the courtesy of the president of the repubHe, 
I doubt if we saw thirty during the entire trip. Cara- a launch waa placed at our disposal, and on November 

eanui,< glossy ibises, jamtnas,' milx and xpur-winged I Ith we starlod on a short voyage up the Kin PlIeomayD 

plovers, were numoruns along the lino, and frequently into the Grand Gharo of Ihtraguay. We reached a smaU 

we saw the domed mad-iiesls of the oven-bird perehod xettlemcnt called Porto Galileo that night, where we w«e 

ii|Kin fenw (kihIx or lower bntnehes of trwe. Villagie the guextx of the “yuebraeho” ('ompsny. A large mill 

are few and far bidween, and the native*, a moUy crowd had biwn ernnted tor the iixtraotluu of tannin from logs 

of dark-skinned Individualx. usually left their shambling, brought in from the sumiundlng country, and a nanow- 

graxx-thntehod huts and eaine down tn mauc to see the gage railway was being oonstructod in the interior, a 

train. distauoe uf flu kilomnUirs, 15 kUomoters of which was 

AfUir spendiug a few days at Asuneion, we wore In- already in operation. Wo proceeded to Uie end of tiw 

vited to the home of Prof. Jlobrig, who lives at Trinidad, line and piliihed ivmp on the honk of a ■mail itfeam, the 

a short dislsncu away. Prof. Kiobrig is a scientist of Rb Negro, Infested with piranhoii, the little maltreating 

nion' than local note, an instnietor in the University of tlsb, no larger than a trout that kills swimmers. 

Paraguay and curator uf the museum. Our flnt zoo- Our eainp was merdy a rough shed built of sheets of 
logical work waa done on his estate. All about were ixirrugated Iron supported on poles driven into the 

traulx of low forest of ramsiderablo size, patches of brush ground. Thu rfvur water waa salt and unfit tor use. 

nountry, granxy fields and cultivated plots. Birds were so each morning several largo jugs of drinking water 

very abundant, and as pronlirally evoything was new wme sent us from Purto Galileo, together with a supply 

to us, our work was doubly inleresting. Wo hore fumied of fresh provisiona. All about lay marshes, swamps and 

our first intimate aequaintanoe with tho peculUr while large giase-ooverod areas, the latter type of oountiy pf»> 

am* (Oui'm), large flooka of wlibh were in tho palm trees, dominating. 

The birds sat suboriy on tbuir pen<hea, awkwardly jerked U is In the dark swamps that the preobus quebracho 
their tails fnim side to side anil mewed dolefully. They treee gn>w. It was also from these same swampa that 

mwmed to lie iiitiTly out of place ainoug tlm viraebus olouds of ravnnous mosquitoes ixsuml with the first signs 

lanagiTs, en<e|H<rs and flncbsi, and U* Is'bng more pro- of falling daylight, ami drove us to tho rofugn of our not- 

lierly Ui the fauna of some remoh- anil unreeordod past, covered hammneks. Them we swollorcd tlirough tho 



Mammalian life was seareo, but oonaidoring the short 
lime availabU, a eomporatlvoly reproaentatlve eoUeotbn 
was iiuwle. Including a letlea of a small rare wolf (Coat's). 
■HsiscwB B inembir of (hs Sawk family. 

ptover tml roll. ***** 

sUsBsbm ol s suMunOy of Iks euohosa 


bng boun of the night, listening to tho angry buksfaiff of 
out outwitted aaaallanU, whbh was not unlike the somd 
prodiMod by a swarm of enraged beet. I oould dbtiii- 


TIm rarying siia of the taneeta, vUeh ni«id (mm 9»> 
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Uliarity Falb, South Aaierica, two hundred and ftfty feet hlfh. 


Anophtbt, doubtleea aooounti for the diffenml tonoa pio- 
duoed hy the vibrationi at the winfi. Small brookete* 
won plentiful in the uwamp and oame out into the flolda 
to feed moraine and uieht, and in the tall gram, uaviee' 
abounded. Oeelota had worn well-deflned patha through 
the flalda in their nightly ralda on the oavy uommumty. 
In the tnea we found blaok howlan, night monkeyt and 
tayiB#; on the ground, opomuma and varioua amaU 
rodanta held away. When thne pennitted ua to Uke a 
few momenta’ reereatioii, we fleh^ tot piranha^ in the 
atreaWi the rarenoua ereaturea throwing eaoh other elear 
of the water in thalr frantie ainigidea to get at the meat 
bait. 

After a profitable week’a work on the Pileomayo we 
returned to Aaoneioii, where we were Joined by the two 
oommiaeariea who had juat arrived with the equipment. 
Two dayi later we boarded the oomfortablo little ateemer 
"Aaonoion" and aailed for Corumbd, The four and a 
half daya' trip on the Paraguay waa moat intorcating, 
although the heat waa intenae and inaeeta at timea were 
tronbleaome. We had entned the great patUanal 
oountry, and the vaat manbea teemed with bird life. 
Aa the “Aaunoion" idowed her way through the water, 
eountlem thouaanda of eonnoranta and anhlngaa', took 
wing; lining the poola and dotting the manhea wore 
hordea ot wood and aoarlet ibiaea, together with herona 
and a qninkling of apoonbilla; egrota covered the aniall 
dump of treea aa with a mande of anowy white, and lung 
Ilnea of Jablrua patrolled both aborea. Soareely a munienl 
paaaedinwhiehwedidnotaeehundredaof birda. Many 
of the paaaongera were anned with riflea and revulvera, 
with whlnh tlmy kept up more or leaa of a fuaiUade on the 
feathered folk, but fortunately their aim waa (xior so llmt 
little injury waa Infliotod. The day before rnanliing 



NhamMqnare men. wearing labieta. 


Cornmbd we poaeed an interesting old land-mark, the 
fort of Oolinbiia, built on a rooky hdlalde with a clnaUT 
of tbateh-roofed huts nealUng agalnat the base, ll is 


•Cavy. a rodent at HuuUi Aawrtoa allM lo the aulnet pit and 
eapyhora. 


•Tayn: a flouUi AoMrkan nuunmal wanhUno tin weaipla and 


•nraaha; tin nual rerudetla amaU Hah In dm vortd. a dradlr 
auaalrefowa.lti»nntaUneaimHiatnah. Itia rmnBr alwiit 
lltMhMialaagih, 


near the Bolivian bordm and in by-gone'yearn figured 
prominontly in aeveral of the bkHnly mmlruveraixti be¬ 
tween tlio nolghburing republiei. 

Having heard at a*'ptaee oalled Utuedni, but a Hburl 
distance awi^, which seemed to offer unuaual opjwrliinl- 
tiea for ooUeoUng, Mr. Cherrie and the writer immediately 
moved to that plaoe and eatabliabed beadquartoa. 
Uruodm proved to be a garden tpot ot elear, cold apringa, 
shady groves, and plantationa ot tropical frulU and 
vegeUbles. Easy of aeeem were Adda, forested hill- 
aidea. manhea and lagoons In which dwelt an abundant 
and varied fauna. Swarms of bats ot aeveral aptnioa 
inhabited the mango trees aa wdl as the eulvnrts and 
manganese mines In the hillaidoa, and furnlshod an un¬ 
failing supply of material; squlrruli, coatimonilia,' 
monkeya and maimoaeta lived in the trooa; on the furnat 
fioor ranged agnutla,>* deer and pooeanos. Traim left 
overnight, oaught wooly opoaauma (Mtlathirut), amaU 
' rodenta and giant black lixarda that fought vieioualy 
when wo sought to release them. One of tlie mammals 
addeil to tlie colieotion at (Iruedni waa of unusual in- 
loreal; it was the formidable guaraguiuii, a yellow wolf 
which equals or exceeds in aizu, the great gray wulf ot 
our own north wimds; it is an aniinai of solitary' habilH 
and IS so rare that it is seldom met with. It was not 
previously represented in the Ameriiau MiiaKiinrs 
ooUcolion. From the hostH of birda wc saourul pigmy 
owls, tinamouB, tbruBhea, grelHw, mils and ant birds 
that were out of the ordinary. We apenl nearly ihreu 
weeks at Uruodm, and each day we added a numlier of 
apeoies that were now lo us. In the meantime, t'oliinel 
Booaevdt and hia Braxllian oMcorl bad nanhed Curumbd. 
and a hunting trip on the Rio Taquuy bad lieen planned 
to aeeuro spooimunH of the largo game lliat is found in 


Duceinlier 19th found the hunting party aboani the 
"Nyoao'' sleaming up the Taqiiary. 'nda Inat hail Ih«>d 
placed at the disposal of the ex|iedition by- tlie llra/.ilian 
government, and was our •‘liomo" dunng the weeks Hat 
followed, until wo roaehwl Port«» (^nipo iiesidi-a 
tlokinul lUiosevell, there were on lantnl, (Tolonel Candido 
Mariano da HUva Itondim, Mr. Kennil Ileoai-velt, 
Captain Amilear dn Magalhaie, Mr. Uels the pbotu- 
grapher, a physician, a taxidermist and iiiyaelf. Mr. 
Cherrie lemainod at Uniedra to finish the work in that 
loeality, and the nminiiasariea were drtaimai in CorumlUl. 
Wu reached the lauding at the Estate I’alniirae just at 
dusk and spent the night alsianj, preparing the shin of 
a giant anbwter which had lieen shot by Colonel Kisiae- 
velt near tiui river. Early next morning the party was 
in the sadiUc, galloping aansis the grassy marshes. Here 
and then) amaU elumps of trees and thorny bushes diitb'd 
the marshes, and those were teeming with birds of many 
apeoli>N: parrots, parrakeets and macaws flashod by with 
rauooua shriuks, and Hyeatohera oalmly surveyed the 
eavaleode from the uppermost bmnehss. DeeasiuiuiUy 
we fiushed a sniaU Hook of teals and, in the distance we 
saw Ibises and jahirus standing in the lung grass, like 
white speolu in a sea of groun. In spots the niarsltes 
were drying, the ground eovnrul with fish; in the aiiiall 
IIOoIh an almost solid mass of fishes wrigglul in the aliallnw 
water which bad been ohurned into thin mud, and at the 
Isinlen, numbers ennsfantly leapt nut; the ground was 
strewn with the dead and dying myriads of many speeies. 

The ranch house or fautuln was n>aehed at lusui; 

Kloatlniiiidli aim euMtimuiA sml nun> lasmlaily known u 
^^Jjj^^JJi^^LjsriJJI^ssnilvorisia ausdniiMil. ntua onsiiy n-lslcd 


it was nn interesting iiluce, the lung, low mnililiiig hiiild- 
iiigs fiirmiiig a square with an open rourt in the ituiUir 
111 wliicli Insw and fiowers grew, and chickens and pigs 
roamed at will. All nlsnit lay niarshiM, jiapyrus swani|Hi, 
fields and fim-sts. N'liineruiis henb of hsilf-wild ealUe 
grased on this vast range, and in iJio papyrus Uiiokota. 
marsh doer wore not uncommon. The main object ot 
this exouTsion, was the lordly jaguar and a magnifloent 
pair were taken after several aU-day hunts. Another 
giant anteaUT, several door and a oapybare" were 
eoUeeted; also a splendid scries of the rare and beau¬ 
tiful hyacinthiue macaw was added to our rapidly 
growing list of treasures. t 
Returning to Conimhil on the evening of Deeesnber 
2‘ltb, wo wore jeiued by the ulhor mMulieri of the ez- 
I>edition and immniUatoly (inmecdud on the upniver 
toyago toward Sto Tsiis de Cioem. A short side trip 
was made up Hie Uio fifio 1/iun>nco> with luief slops at 
vnnoiis i>oinU where there were evidenees ot game; and 
niimlH'ni of birds,{mvlnding srrcBmsn, iienelopes,” 
parrots anil variinis H|s.ieii’s of waterfowl were coUocted, 
also numbi'rs of small rislenls, monkeys, deer and pmv 
eanes. The jabini storks were nesling on the Hfiu 
Loureuvo, I heir great platform nests of slicks pcrcheil in 
the erolcli of giant tn<ii«. The young storks, two in 
iiumlior and fuUy feallicrod, were uonlmually exoroising 
tbeir limbs by ruuuiiig liaek anil forth in Ibu nest, flapping 
their wings nil the while, prviiaratory to launehiug forth 
lolu the big world. 

t 'Ai to continuei.) 
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SCIENTinC AMERICAN SUFFLEHENTNailOSt 


Progress in Aeronautics' 

A Review of Recent Air-raids and What They Have Accomplished 


iilr-rulil nt Hii> Imixirtaucv nauliiNt Ureat 
irrml In Jnminry, nud ai) Uilp lu llic muiiUl 
IniiMiNHitilr lu (lu mure I ban brlotly allndo to 
nitm, havliiK repinl lu Hiiacw avalbililu and 
iM Ilf KPlIlDg ihuiu rmdy fur iiiibllahliiR In 
> niiiiillily Ihhuu of I hi' luagaidnc. A roview 
In Kioiorul nIiiuu IIii' comiupncouipiit of tbe 
lil-u-ur hIiowh Hut while tbbi attempt of tbe 
aiMaircutly ciiui.'eirud un a more amblUona 
my prevluUH l•lller|l^lllca of a idmllnr kind, 


diupiied un four enemy olHeem and forty men near 
1 lunklrk. 

Hepleiiilier tSIiid.' TJeuleiiunt Ciillet und other airmen 
ilniliaxl ImmlKi on Xi<|ilH>lln HbeiU ul liaaaeldurf. SeriouM 
danunie waa done a dlallnetly Niireemful raid. 

ik-lidMT Stli. UrlllMb air raid o\er Oulo«iie aud Dlbt- 
aelihirf, %e|4ielln alrahlpM believed to have been de¬ 
al myed (rJeutenant Marix). 

IK-tuber nth.—IHeo German airmen vlalled I'nrU and 
dro|i|ied many bomba. Three killed, fonrtecn wounded. 

Novianbcr Zfiid.—Uald on ZepiioUn ahida at Krled- 
rleliahafon. Mucb damage diau'. 8i|uudron-t>iuiiiiiiiider 
nrlgga furo>d to deaeend ami taken prbiuimr Ininred. 
Ileaalta mure eiiniinenaurate with the efforta |nit fiirlb 
by lair airnicii. Muat aiiceeaarul. 

Ilecendair Wb.—Knemy aeruplane reiK)rli>d u»er Iluver 
ul in :M A. M., but went uut to aca again. 

Iieeember Wh.—kVench airmen dropped elgbteeu 
bomba on Kndbarg. To judge from tbe onemy'a puh- 
llabvd eommenta, Ihla waa moat auemtaful. 

UoGembor ITlh-lStb.—French airmen dropped boudia 
on Hnarbnrg, In liorralnc, throwing ten bomba. 

Itecember 24th.—German acroplano flew over IHiver 
a ml dropped bomba. No danuigo. 

IVeemlmr UTith.-Gn«t Rrlllah alr-rald on Cuxbareii. 
Ciimmaiiiler Hewlett inlaalng, but aabeci|uenlly found 
anfp. Ileiairla from neutral aourcca tended lu ahow Uiat 
lailli moral and mnlcrlal elfeela were aerluua. 

DeeemU'r ‘JTilli.—German air raid on Knglimd. Doiiilia 
driHiival near I'ha Ilia III. liiiiniliiK light down the Thamea 
na raldera are eband away. 

l>eoenilaT flUlh.- /a-|i|a-lbi over Naimy ill .'1:2(1 A. M. 
Koiirleeii IkiuiIin driipiNal Tuo la-oldo killed. Two In- 
jiinal. IMiniiige In bulldinga 


January Bth.—Three /epiHdlna niairled oflT Cnhila; 
no apiurpiit reeult. 

January lOtb.- -Fifty laimlia drnpra-d li,\ Cernmna on 
Itanklrk. Many killed nial Injured. The eiiein.v enmdd- 
enal Ihla a dlalluct aneeeaa. 

The Hllompt by tlu> eiieiiiy'a airmen mi neei<mlMT 
LTith npiieiira to have biaoi laildly emavived and carried 
Old with uuiiHlderalile during. Two nlrnK'n In a biplane 
were alghled on I'hrlalmna l>ny at 12..Vi T. M. flying 
\erj high eaat lo neat over SheeriieaH. Immediately 
Hie eiK'iny naa aeeii uiill.alnTan guiia opened Are on 
Ihe Invader and three Ilrltlali lilplniiea went up and 
gave ehaae. Two llrltlah enifl Damaged to fly above 
him and final abot utler alag. The fight continued over 


d> of a German airman waa 
Thamea, it acoma probable 
nod to n-porl what they had 
aeeii or dune, ao that It la lu be preaumed that tbia 
nttempl waa a failure. Then come auoHier raid on the 
night of Jniinary ]l>th-2i)lh. Tlila (vna directed ngalnot 
Yarmuuth ami other iiinrca on the peat eoaat of Kng- 
In ml. and JmIgInR from the alxe of laimba foaud unex- 
plialnl and other evldenei' -apart from publlabed Oer- 
nuiii niiarla. which an* mit iM>eeB8arl1y accurate—waa 
curried out by large aavul !V-piielln alrahliat, dgar- 
aluiied (Tafl ulaiiit lUll feet In length and !iU feet iu 
dUmetor wUh a capacity of 700.000 to IJKKXOOO enUe 


By Major 11. Bajinerman-Pbillips 

fii't. Ilf conahlenble lifting capadlj, bat Tory aenaltlTa 
to weather, more esiaaflatly to rain or onow, which, 
lodging on the <mter aortoca of the onyelope, la Uabla 
III welgli them down. Their great length maket them 
dliflcult to baudle In a oruw-wlnd. Tliag are fitted with 
a wlrcleaa telegraph luatallatlcu which will enable 
tliem to cnmmnnicete with efalp or ohuia at a dlnlanca 
Ilf ino mllea. They were orlglnelly Intended to be fitted 
with a platform on the upper aartece coaunanleatlng 
wlHi iIk) central gallery and cart by a well-ladder, the 
objeet of fhia plalCurra being a dcmble one. lint to cn- 
Hide ulwervalloiui lo-lai nuide under more favorable coii- 
dllliiiw Hina frum the can, which are, of coiine, over- 
HiiMilowed by the veet bulk of the dlrlglblo Itaelf, and 
Neeiinilly, lo carry machine or other aiilomatlc gniia for 
|iiiiti<ellua ngninat ncrophine aUnck frum above, to 
wideli they are moet viilia>nble. Thla eecondary par- 
|HiNe apiNMira riaky lu view of the practically Inevitable 
leakage of liydrugeu frum the gaegmntalnen which, 
rlMlug to the niiper aurflico and becoming In imnluct 
with the air a moat Inflammable mixture, might eaally 
In- Ignited liy the flash of dinchnrge from the aulomatlc 
gna or any other flre-arm eii the platform. In fact, this 
box b«>eii proved to be Hie omo, and the hU« of carry¬ 
ing giiiiH oil the latter bsa utiiwrontly had to be aban- 
Uoied. Theoo veawla can carry axpladvcB In Ihe abaim 
of Himd bomlw (fliled preanmably with trlnllrololuol) to 
a total of two tong In weight. The Urgmt naed ao far 
welgha 200 laiunda, but the Oermaiw are aatd to have 
ihwlgned projoctllM of COO pounda III wdgbt for gpedal 
iHr-rald imtpoaoa, and the rrewa are, of coarao. aupidled 
wtib Incendiary and llinminatlug projcctllea lu aihUUnn 
to aoarchllgbta to enablo them to light up any a|iot on 
which they may intend to drop projectltea by night. 
The motive power la aannlly auppUed by Mayliach en- 
gtnea, aggregaUng 000 to 000 borae-power, and they 
bnro 0 iwaalble aafb radius of action of 600 mllaa In a 
Htratght line from tbeir protective hangar, bat their ex- 
ln>me aonaltlTeDeai to nnfavorabie weather coadlHona 
a|iig<ara to have placed very strict Itmlta on oversea 
voyagea. For Inatamm, two are said to have been 
brought down and aiiuk during tbe retnra voyage from 
I ho cast coast, according to acconnta received from 
IS’ortb Hea flshermeii. There arc abeds capable of shel- 
teiiiig Fg'pnelln alrahipa at Ifelgoland (2), Wllbelma- 
linvea, (’uxhnvon, Ilamhurg. and Kiel on the German 
const, ami n( Alx-1a-Clui|ielle (Aachen), PDaseldorf, 
i'ologiiR (2), RIefcendorf, and Trevea, near the Rhine 
and within striking dlalam-e of Groat Rrltabi. In addl- 
Ihai, tho Gerroana are MIeved to have erected tempo- 
nirj sheds at various iwlnta In Belgium, among them 
llnisscls, Aiitwerii, nud MAge. 

The Ilelgubiiid hanaar, which Is one of the heat 
lilniimsi. Is (limhie. phieisl on n pivot so that It enn lie 
rotnlcd In fsec Iho wind, and so arranged Hint It can 
he loncrnl by hydniiille iipimnitna Into a dts-p pit In 
tliu ground. It Is tbiis safe from attack by warshliM, 
iinli-ss a shell happens to idtch on It. and preaeiits no 
mark lo alreraft or gnna. 

The nlnihltM which bmk iwit In Ihe raid on Yar¬ 
mouth were niHiarently three In number, and they anb- 
scnueiill.v rlsiled other plnrvs, including King’s I^ynn 
nod the uelghhorhood of finndringham, Cromer, and 
Nherliighnm. 

Ilnsllle aircraft were aeeii at 1 iflO P. M. In the after- 
iieoii nir the Puteb coast. They passed over the Island 
ef Terwhelllng and. crooslng the North Heo, reachml Ihe 
Knglish const after darkness bad fallen. Their preaenen 
was uiMusiweted until about 8:30 P. M., when bomba 
were dropiwd on Yarmouth. Oonddenble damage waa 
dois!, and at least three Uvea were lost The bombard¬ 
ment of the town from the air ooiitlnned tor amne ten 
mlnatea HevenI of the missiles did not explode, and 
nno fell (hrongh a house In Yannonth, wltboat Injartng 
tho tamlly vrlthln. The anthorlHea promptly exttn- 
gnlshed the street Uidits and the people seem aa far as 
poasUile to hare kept under cover. This probably mode 
Ihe death roll lighter than It would othcrwlie have 
lKs<ii. In the darkneaa, however. It waa Impoaolble to 
distinguish tha natara of the croft which were believed 
to have carried searchlights. 

Commenting on this raid In the Tlaies at January 
21st the naval correspondent at that paper said; 

“Now that the hmrthraatefted Invasion of thoae 
Isisnds hy Kcppellna hoa become an tccompUihad tact, 
aud emieclnlly conidderlng the comparaUvaly naill 
amount of damage that baa been Its result^ It la nataral 
to ask onraolvea what Its objeet waa. Rvaf alnna the 
bafi tn a ing of tba New Xau Oo aliailt Jmmm 


abown Ineraaaad aedvlly In aavefal dlnetiMii, but thm 
baa not boMi ooneluatve arManea that the bppaUna 
have to any torgs extant taken put la tbaae opecattoM; 
As a reenlt of the poor part they ptayed In our eoo- 
blned sen and alr-rald oa Ohrlataua Day thm haa been 
a maiiUCet Inellnotlou to dlapenfe their aUltty and to 
renird their povrera ta bavliig been amA over-rttad. 
This being the «se^ It vronld not be eaiprlslng U tha. 
Herman snthorltlea vrere anztons to abew that they 
were capable of doing mudi more than might hare baen 
cxiiectad from their partormonee on that occasion. In 
iitluT words, the nld waa iatmided to natore their pno- 
tlgv, tmrtienUirly In Oermany, and oaca more to InetUl 
a fn-llng of apprdiendon In re^rd to their meoaea In 
this country. Ihla la tha moat obvlotis reason for the 
raid. 

“It wonM be a mistake, bowerer, to accept this as 
Ihe primary reaoon for Uw nld on Tneoday night The 
dalles of alreraft are acouUng and tbe destruction, by 
mnins of bomba, of objects of mllllory Dsefolneas and 
Iminrtaace. To these the Germana hare added a third, 
which they term frUhlfulneat*—raids which by the 
murder of non-combatantB and tbe destrnctlcm of pri¬ 
vate properly may strike terror Into the luhsbltaula of 
a country In tbe hope that, hy lotting up a otale of 
niTvousneoa, an Inflncnco may be exerted on the prog- 
nws and direction of the war. In onr case, of conrse, 
tho biqw evldontly Is that the flow of reintorcenihnta to 
the Continent may be stopped, whereas In point of tact 
tho ozenrilrm of Tuesday la mom Hkely to have exactly 
the opposite effect In ahnoot avery cans, however, the 
alr-tslds of the Germans have served a double purpose. 
'I'liey have combined reconnal—ore with bomb-drop- 
pliig. This last exploit was sbnost certainly In the na¬ 
ture of a test of the state of our detonaoa against aerial 
attack on the east coast It the objective In some toture 
raid la to he a point farther Inland. The Germana may 
have obtained some aatlstactlon, therefore, at finding 
Ihat tho Zeppellni were not brought to octlaa m this 
(xxaalon. 

“In view of the known cspahUltles of the Keppello 
type of airship, this can only be regarded as a trial trip. 
YYbether there were two or more v aore l a engaged. 
were imn off the Dntdi talands a little after aq^i^ 
Tnesday, and probably left their base half an boar 
i>arllcr. They arrived over tbe Boat Anglian coast at 
8 JM) r. M., and therefore covered a dlatance of about 
.700 miles In little more than eight boors. This would 
allow them s apead of 80 mllea an hour, which la about 
what they would accompUsb at half power. They ap- 
iMrcntly went back much faster than they came, pos¬ 
sibly oaring to conditions of wind and wmthef. Aa, 
however, there alrahlps have a ndlua of action of about 
1,200 mllea In aultaMe rircumatances, there la hardly 
any portion of the BrlUsb lates that they conM not 
reach, provided they were willing In make part of the 
Juurnoy In daylight The latest rigid alrahipa are 
capable of thirty boon’ contlnnoas flight at full speed 
- -obout no miles an hour—or they can do a sixty honn’ 
flight with their engines worktag half power. Thus, 
had tbe veosels used on Tuesday come over at their 
bigheit rate of epeed, they could bare reeched almost 
any of tbe larger BnoUah towna and got back before 
dawn. Aa the primary object of the demaii chtefs la 
always to letsen tha power of the navy, and thus bring 
about condltiona fovorable to the nre of tbeir own fleet. 
It might be auppceed that vital patuta Hke Impnrtaiit 
railway JuncUoiw, towna wbere warlike material la 
bring msuutaetured, or tha Ug^ aMpqratda and aneiials, 
would be olmad at rather than nodefaodnd places Uke 
Hberlngbam and Ktag's lynn. 

“It la fair to areadm. tbarefore, that the Oenflana 
had more than oos motlre (n nukliif thh ato-taM, and 
tliat when rapretod 4 wtu not always be almad at de- 
femialere towna There b uothtiig to pireent tbe em¬ 
ployment of alrcnft a0biat polata far Intand except 
such precautions os vra may taku, laelndlng the piovl- 
aton of aattalrocaft iiua and Iha darkei^ of our 
dHea. (Rda dafanre la partly In tha hands of the laivy. 
end re might be also that whidi la tha bast defieaiae of 
ail-coontof-attaek by alrenft Bat the Admlraliy b 
not reapooslbla for tha protection of the countiy from 
evcrythliig that fllaa alofL It mat be paibbd e«t, 
moreover, that just as 4 woaM be taUUai (or the 
niralty to altar thab naval dbpoalttaaf and ta dla- 
trlhute onr aaval ftanM ap and down the eoaat fbr the 
oatonriirte protortiMi ef every seaport, re the taWtaO- 
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ftUife as* obiloBiiy ■Iwws opto to Bopiwaa UHidL* 

iMueta to bppellB olnliliM to dw •bm oommmta to 
t modi Muser «ne than the esdaiato glTen to the eertler 
putt oC thto arttde, nanelr. 000 allea. It wUl be to- 
tcnittoc to m If the ofcnea Toragto of any alahlp 
itoiliic the ptoMBt war eboeld ezeeed the latter Unit 

Ih a leader on the enblect the Itmet remarka that It 
la T*!****"* that to thia trial trip no attempt waa 
made to teaeh London or any epot whldi might be aap- 
poaad to poaaean eonaldarable meana of defeuae agatoat 
air attaoh; alao that minor reaaona for the raid Include 
the preaeing neceaalty for conrtoctog the Oennan peo¬ 
ple that the Zeppdtoa are not naeleea toya. They can 
hardly be mUd, attv alz montha of war, to bare Jnatl- 
lled the laiga ezpenditore which haa boon Incurred on 
their behalf. Thla doea not Imply that the principle of 
rigid alrtodpa for oreraea work la wrong; the amount 
of capital and energy expended on tola partlcnlar brand 
of agronautlca by Oennany may have been mladlrectnl, 
and Greet Britain baa norer taken the alrahip aeri- 
onely aa a problem to be dealt wlto aummarlly and 
urgeully, ao toal, ait far, toe Investigation baa never 
been carried to a logical conchudon to thla country. 
Germany, prevloua to tiie war, had sunk £il00,flf)0,000 
on her navy, and abe must have epent a conalderalile 
sum to experimenttog on alrehlpe, but It would hare 
been for more worth our while to have spent more than 
she did In order to decide once for ouraelvea whether 
anything could be made of aueh deUcate and vulnerable 
eitgtoca of war or whether they conid safely be neg- 
lectcd. If they ehould prove lo be of any lue at all for 
overaea reconnalaaaDco, It la logical bn iiaanmo that they 
wnuM be of more aervlee to na as the chief mnrittoic 
power than to the Germans. 

In some of the later accounts of the Yarmnutli air¬ 
raid It waa stated aa a anrmlao that six Zeptwllns took 
part to the enterprise. Aa thla atatement waa not haaed 
apparently on the iccounta of credible eye-wltnenseH, It 
probably owea Ito exlatenee to Informatlnn farntahed by 
the enemy. Beferrlng to tola Mr. T. P*. Fannan, writ¬ 
ing In toe Field of Jannary SKh. eald. lu the connie of 
ail artlda oa ‘Tha Beppelln RaM": 

“If toe annonneement be tma that the Zeppelin raid 
on Tarmoutb and the coast of Norfolk had been care- 
folly prepared, and that after waiting a whole mouth 
for propitlone atmoeidierlaal condltlona, atx dlriglb1ea~ 
Zeppidlne or other types—etarted from Cnxhaven or 
Hdgolaud, or aomo from each of these placos, with the 
Intention of spreading terror to the mind of the Biitteh 
netlan, Oonnt Zeppelin must be rather disappointed, In 
spite of the eongratalatlons be received from toe Kaiser 
and the entowdaem with which the news of toe exploit 
aeeme to have tieen received by the whole German na¬ 
tion. Rvery civtilaed man or woman who la not Imbued 
wlto Oerman ‘Kultur* must sincerely regret that a few 
Innocent women and children fell vlotlroa to the prnjcc- 
Glea dropped from these Zerpellns, and that a certain 
number of bouses wore wrecked. However, If toe six 
Gorman dlrigthlea all reached the EngHsh coast, or, In¬ 
deed, If only two of thoso airships snccccdcd In crooslng 
toe Obannel. too result of their attack was [ritlably 
small in compariaon to the extraordlmiry offnrt made, 
toe riaha Incurred, and capcclally Ibo much vnunled 
power of deatmctlon of the aerial drendnoughla. All 
the evidence which haa been forthcoming renders It 
almost Impoarible to believe that it six dirigibles started 
on the mnrderotia expedition they all arrived over the 
Bogush coast, and If they did not. It would be lnteIva^ 
tog to know what became of them. Also there hi no 
erideoee that even those ZeppeUns which dropped the 
bomba on Tarmouto, Handrini^m. etc., retnrned safely 
to thrir aheda, wherever they may be aitnated. How¬ 
ever, aa to spite of the telegram from Leyden stating 
that flabermen saw a dirigible founder In the North 
Bea, there la at toe moment of writing no abaolntely 
eniTinetog erMenee to prove the contrary, the whole of 
the fleet, even U eome of the aerial veme l a had to turn 
bedk before they reached their deattoatlon. may bare 
ntonad wttoont dlaaater to Germany or to territory 
oo Mip ied by the German army. The weathor was moat 
ggMgdOMny fovweble for toe exploit The speed of 
the wMI dM not exceed 4 or at mote B mMera a aecoad, 
that la to say. It waa blowing between nine and eleven 
and a quarter mlM an hour. 

‘Troto a igurttog point of riew tba royage of a fleet 
rig dlrigtolae aerona the North Bea foom Ooxbavoi 
to Mtoftrik and tto letom to Germany undonbtodly la 
lUtoa th a h to; Imt it la far from demooatnttog toe mtU- 
- toiy ntoe of thOM vasaela. On the eontniy. It goes 
flur.toTtm toBt It thay (■« aat by aurprlae tlialr pUots 
Me oiji iM lp pa lliat mogi heap out of readt of hog- 
tito fUMt gnd ghoto gD, gvoU gtHag Bacoptonea toe 
gMuag of righting ttgaa. It wUl be wgwrtgd that after 



be kat to tha mlat and darknam, and over which the 
aeroplane conid not follow them tor any very Iona dla- 
tanee without being provided sito a apectolly large 
tank foU of gaaollno. Moreover, tbongh the sphere of 
Bcticm of a ZoiveUii is very conaldotablo It la not nnllm- 
Ited. Carrytof a ton of explosives. It la a very genotons 
estimate to admit that It may bo capable of traveling 
TBO mllea, and to effect such a voyage the atmospheric 
condlUoni moat be most favorable. Ouxbaven is sepa¬ 
rated from Tarmouth by a distance of about SNR mUes, 
hut the ZeppoUns which crossed the North Nes liiiggvil 
the l>atch coast and only steerod In a alraigtit Ihie to 
Norfolk from Amelond Island. It may, therefore, ho 
calenlated they traveled some 300 or 310 miles liefnre 
reaching the Rngllsh coast With toe retnni Joariie}- 
the distance coverod wan between OllO and OSO miles, 
which approaches the maxlmnm these veswls could 
travel with any reaaonable ohauee of sueex-ss. Oonse- 
■lucntly, even If they had had nothing to fenr from Arc 
from the earth or from attacks by BrIHih arloiis. they 
could not have ventnted to extend llu-lr voysge ns fsr 
ns T/mdoji. It is true that dirigibles starting fnmi Iiel- 
gliim would have a shorter distance lo cover lo n-seh 
llie British capital, but tt Is sndlclmtly consideralile to 
make Ihem hesitate lo nislertako tt eioi-pt iindt>r very 
proiiltloai eonditlons, to say nothing of the ilaimer Ihi-y 
would run from attack by aeroplanes and Are fn>in the 
earth or from veosela of war at sea. That the Germaii 
ncronantlcal anthorltlea are loath to exitose their dlrtu- 
Iblea to the attack of avions has been demniiidrated by 
the manner to which thi-y careftilly nvobl sending them 
on misslona during the execntbni of which they are 
likely to oncounler any of them.” 

To return to onr ehronlcle of aerbil nibls, an ollli-lnl 
statement by the Admiralty showed that: 

‘•On Friday, January 22nd. twelve or thirteen Ger¬ 
man seropInnoH appeared over Onnkirk at 11 nW A. M. 
and dropped borahs. 

"No particubir damage waa done, except that a shed 
In the docks was set on Are. Ono of the bombs fell Ju«t 
outside the United Ntatea Consulate, breaking all the 
windows and smashing tho furniture. 

“Belgian, French, and Rritloh naval and military air¬ 
men engaged the German aeroplanes, one of which was 
brought down by a British military machine Just over 
the Belgian frontier. The German aeroplane, pilot, and 
poasenger weie Captured. 

“During the day ridts were paid to Zeebruggn by 
Nquadron Oomronmier Richard B. Davlea and Flight 
lAeutenint Richard Peine. Tweuty-aeven homlu were 
dropiied on two submarines and on the gims on the 
mok. 

“H la believed thnt one anbmarine was damsged enn- 
sldorably, and toot many casnaltles were caused among 
the guns' crews. 

"In making a reronnnltrlng flight before this at lack 
fkinadrnn Commander Davies was on one iwcaslnn siir- 
rminded by seven Gorman aeroplanes, but iiiaimaed lo 
elnde them, lie was sUghtly wounded In tin- lliigh on 
hbi way to Zeobrugge, bat continued hIs fllglil, iin-om- 
pllsbcd his mlsslmi, and Is now prograsliig salisfnc- 
tortly.” 

"On the 23rd of January n Tnrkish Iraiisisirl roiixey- 
lug sixteen seropinnes for the Tnrkish nrtny In the 
Cnucasus was sunk by a Rnaslan war vessel, and on 
the 2atb of January s Oerman dlriglblr, while attempt¬ 
ing to bombard TJhan, was brought down on tho Baltic 
by artillery Are. and was subsequently destroyed ond 
Its crew captured.” 

The vessel in this esse wss n Psrsevsl. Nome Inter¬ 
esting details of toe raid on Dunkirk were given by I tin 
Rrillsh "Hye-Wltneai" In tho following terms: 

“One of our aeropisnes—a slngte-seater—was on 
patrol duty, when the observer saw several hostile ms- 
efatoea appreaehlng. He at onec gave ebaso to the flrst 
hostile machine and apened tiro on IL Meanwhile two 
other Britotb moriitoes started from the ground. It 
took them soma little tons to aseend toe height of aOOO 
fort at which the action In the air was proeocdlng, dnr- 
Ing which toe British msehhie whkh had been on petrol 
had succeeded In driving off wlto Ue Are Ihs two lead¬ 
ing German maehlnea. Ten others, however, had come 
up by the ttom that the three Rritkh machines were 
all In action. After the Germans had dropped several 
bomba ova toe harbor and town the whole turned and 
flew back toward their lines. Onr aeroplanes imrsned 
and brought down ons German marhine, by a hnllrt 
through one of Its cyltndars. The aeropisnn was cap¬ 
tured, together with fta idiot and observer and eight 
nnexploded bombs. Ibe observer was armed with s 
danble-barreJcd pistol for flrlng chain shot In focc of 
tha hsary odda agstoat them thla frat on the part of 
onr avtaton waa dbdlnctty meritoriona Ibe damage 
done Iff His nMen waa slight* 

The lost attosk hg aircraft recorded up to the middle 
of Menug wu a asrlaa of comMoed aeroplane and 
iMfitM n i iflH — wMft ff«cu fluitod cut hr our 


Naval Wing, as announced by toe Admiralty on tho 
night of February 121 h-lBlh—"daring toe lost twenty- 
fonr hours,” the object Imlng to prevent tho develop¬ 
ment of German (mbmarliie bases and estabUshmeuta, 
and which covered the districts of Zeebrugge, Klankeii- 
N-rgbc, and Ostend. Acoordiug to too nOlcIal report: 

‘Thirty-four imvul acroiilniict> and Heaplancs took 
iwit. 

"Great damage was reported to have been done to 
tlstend railway stsGoii, which, according to present In- 
formstlon, bus probabi] becu bnnit to toe groninl; the 
railway station at nbinheiibcrghe was damaged and 
railway linos were torn up In niatiy pinccs. llnmbs were 
dropiNxI on gim IkjhIMoiis at MIddlekcrkc, also on the 
ismer station and Gcriimn Dilne-Hwecpliig vessels at 
Zeebriigge, but the damage done was unknown 

■‘During the attack the innclilncs eiicoiinterixl bcniy 



"Flight Csxmnuiiidcr tinihanie tVlillc fell Into llic sen 

"Allliongli e.y|Kisixl lo heavy gnii-llrc ... aiill- 

aln-'rafl guns. niltrallliMisi-s, cic., nil pilots relurtsxl 
siifcl}. Two iniicblnes were ilnningisL 

'The senplancH anil aeroplanes were iiiiiler the exnu- 
iiiHiid of Wing Commniiiler Hanison, .-issInIisI by Wing 
I'iiiiininiider Tsnigmore iiiul Kiiiinclroii I'ximmanders 
I*orle, (‘ourtney, and llnlhboiie.” 

This slnU-niciil is dlstlnetly Inleresling on arcounl of 
Hie nlleiuiit ill biisly deinolllloii of liiilldings and objects 
111 eoniieollon ullh the enemy's nerve centers, being on 
the largest scale lip In dale lo Is- ixirried out by beavler- 
tlinii-alr iiiaclilnes. I'lie aseeiiiMiig acnle of numhers 
employeil for sisvIAenlly aggressive piirisisea In Ihese 
raids Is niirthy of mile, as well as Ilie exiraurdliiary 
ixiniiwratlve Inimunlly of Isilli men mid erafi lu damage 
b) the enemy's fire. II Is to Is; IioikmI that we ahall be 
able lo obtain In time some Idea of the damage done by 
onr airmen on this occasioa 

Equilibrium of the Body* 

Tns position of the eyes in the Ashes and blrtls indi- 
pstoa tliAt tlinir area, of vlaion willinul moving the iieml 
muat ho consiiliirahly largiT Mian ours, and their m<nm 
of equilibrium thorefon' different. The swimming wt 
is performnl by tho pectoral Ans and tolsoui while the 
dorsal and ventral fins regulate the halanoe of the hisly, 
which Is to right or left, similar to that of the birds. 
That the IsUanee is to right or left nan he olxssrved with 
especial ease in tlio sparrow, wliieh eomos in flocks, 
while on the ground, rushing or Aghlitig for food, the 
wings are not alwaya entirely cxlendod; frt'quently one 
wing is almost resling on tho ehnat for an instant while 
its male is stretched lo its full length. 

In Iho human body the oquilihriuin is kept up sumo- 
what differently, being more oI a ismdiiliiin-hko motion, 
to and fro, when walking on sjiiisitli, level ground, Ihn 
saonim dosoribes a iHHilinniiiis honsoiital wave line, and 
if a ilisturliani-e of Imlanee oneurs, tho body usually falls 
forwaril, luildoni lo one side. 

The iisrillana in llin Ibilies and a few other marine 
Hiiiinals eun Isi rogardisl aa annuneiators whieh tell that 
soinetliiiig is jiassiiig outside. Whether the osseous 
lahyriiilli in our own car is of (he stune elmroeler, or mil, 
or whether it is merely an apparatus to aid in preserving 
equilihrium, is not known with I'ortainty. Neillier do 
wii know whether we really msi objects in their right 
poaltion, or only semii to do no Ihniiigli haliit, for they 
must bo rrflocUxl upside down on the posterior part of 
tho eryslal lens of our eye. 

Jiiilglng from the way |iigixiiis, especially, tip their 
heads to one side lo see wlirro food is thrown on the 
gruiiuil, some lock in their forward vision is indicatisi 
and it would thurefiiro sui-ra that seeing tho tips of both 
wmgs In Uio samo sidowiso glanre were of mure ini- 
portanisi tiuui diroet torwanl vision. This uhilily Ui 
BOO both sides at oiiee is an odv antage which aviators 
do nut possess. 

Above s flat eountry, and an altitmle of ID.IKIU foot, 
at more, tho horixon is tx-neatli the aviator and thcrofora 
his feelings about the right position of his aeroplane 
sro lessoned. Then, too, not latiwing any objoet, and 
being oontinually met by a strong wind, tlio airship 
seems to bo stauding perfectly still, and tliis produces 
s sleepy monotononsnesa wliii'h tends to make tho 
aviator not always on bis guard. 

l.ssoK qnaulllleN of hydroehlorltc uf stsin are used 
ill the laundry of a large Kiigllsh boapital, where It la 
found to bo effective In destroying mlcro-organlBms 
Slid removtng stains, without appreciably Injuring too 
fabrics. This soliitlou la prepared on toe premlsm by 
toe electrolysle of a 4 per cent solution of common nit 
In water. With an ex|ieiidlture of 10 amperes direct 
currant at 220 volta, Uvehe gnilons of the hydroehlorltc 
Huliitloii are produced per hour, which la diluted wlto 
nine times Ibi volume of water tor use. 


nUflaui WnkegNa la Mmw OMuptctiu. 
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Wireless Transmission of Energy—I* 

An Explanation of its General Nature and Relationship to Traasmission By Wire 

By Blihu ThoniHon 



oOuT wai coanecleil bjr t wlra 4 or 0 feet Ioii( to a 
largii tin renel aupiiorled ou a tall kInki Jnr, liiHiitaUiiB 
tlio (In vencl from (he lecture lalile. Tlio coll had an 
Hutomatlo Interruptor for the primary drcnil, and when 
in operation (he termlnnln of the arcoiHlary wore ap- 
proMchod no that a tormiit of white Himrka brldRcd the 
Interval between them, the nap bclnit about U Inchoa or 
HU In length, irig. 1 ohowa thin arrangement. When the 
coll wan worked In thla way, It waa found that a llacly 
Nhnrponcd lead pencil apitrunchrd to Incipient contact 
with any metallic object, auch an door knoba within the 
room and ontahin thereof, would rauNc a tiny npark to 
appear at the Incipient contact betwcon the pendl point 
and the metal. This, of coutm', whh not a very delicate 
detector, but was Improved, aa in Kig. 1 by putting two 
sharpened iwlnta in a dark box, a device due to Rdlaon. 
One or both pointa were adjUMbol oo an to make liidp- 
b'lit contact^ and the tiny npark oboerved between the 
imliita wna an Indication of a ahock, ciinimotlon or wave, 
elcclrlrnl In Ita character. In thn ether aarruiindliig the 
tin VDOHCI mounted on the glaoH jnr. Tbo IphIh tor de- 
tcetlng the Impulses were carrlml on not only In nMiiiia 
nil the Hsme IliHir, but on the floor nlHiie and on the 
Hour HlHive that, niid fliiiilly at the to|i of the liiillding, 
Nome DO feet away, In thn nNlroiiomlenl ohrM-rvatory. 
Ideliillle pleeeH, preii iiiH-oiiiiecInl to the griinml, would 
.ileld liny K|iarkH. not oidy In the l•n><l■melll of the Inilld- 
lag. hut III the hlg)n-Nt tmrt, nlth wveral floora and 
wiillH Intervening 1 mentlnii thla old exiierlmeiil iwr' 
llciilarly ImrniiHe It hnn In It the clonieniN, of cuunip In 
u very cnulc form, of wtceleiw tranamliwlnn, the wire 
mid tin veHNcl ntinched to one terminal of the coll Miig 
II crude anteniiii with IIh 8|iark-ica|i connection to 
groniid, ng atlerwardH unhiI In wlreleng work by Mnr- 
iiinl, nnd It algo Hhon-g n rudimentary receiver or de¬ 
tector. a metallic Ugly nrniiiKcil In connection with a 
tiny n|wrk gap. mi that elretrlcal ogclllatlima In rnich 
iKidy would declare themgelvcn by a faint gpnrk at the 
gap It wag undcrgliHHl by iih at the time that after 
each dlHchiirge of the roll there wan, aa It were, a ghoefc, 
or wave In the ether coimlgtlng of a qnlrk revoried elec- 
irlcul cuiiditloii, and It wiih even Imagined that tbeni 
might Ig‘ III lldg pngawg the germ of a avatem of g|g- 
an ling through Himce. Ililg old work wag nimngt for¬ 
got ten whoii It wag riNHiMed h.i the later work of TIertx. 
Iilmnt 1SS7. who denioiiHtnitcd by gnilahle clectrkral 



ter Mi Hciaaxiric aataicax BurruuiaaT, by tba aatbar. 


aplMratuH that waves of the general nature of light or 
heat could be generated, which wavnt are tranumltted 
with the veloilty of tlglil, 18e,00U mllew per eoeond, and 
that hy NUltable reaonatora or detectors these waves 
could tw made to declare themaelvca by tiny ararka. 
The Kertslan ogrttlator wag, as It were, an electrical 
tuning fork, having an actual rate of vlhratlon peculiar 
to Itaelf and dcpeinieiit on IIh form and dlmenalona. It 
wag fed with energy from an Indmllon coll ami aermw 
IlH gpark gap an uHClIlatliig dlacharge took place, whicli, 
at each Impulgc, died out like the dlaebarge of a eon- 
deiiiwr, hut during thin dlacharge It electrically atrcaaed 

IrlcHl wave wan radiated In certain illrectlona from the 
oHclIlHlor. It wag found that these waves could be re¬ 
fracted, reflected and polarised, and. In general, dealt 
with aa extremely coone light or heat waviw. We shall 
refer to these, however, farther on. Tbo general rveult 
however, of the Ilertxtan etperimeuis was to connect 
electrical waves In the other surrounding the apparatua 
with the light and heat wavea and prove the Identity of 
the two kinds of radiatloii, the dUTurencaa being only 
Ihnitc of wove length or pitch. 

Kliice tlus ITcrIxInn wavea wera went out from the 
llcrtxlan oaclllatur In aubatantUlly straight Unco, and 
nIiuv III tho early daya of wircleaa telegraphy It wan 
common to regard wirelewi wavea as of the same nature 
or ng alffldst Identical with nertxlan waves, the fhet 
that tiH) wireless waves were found to follow the curva¬ 
ture of tho earth became a dllScnlty to be explained. 
Speaking for myself, I have never found the dlfflculty 
to exist. There is really no reason why the waves 
Nhoiihl not follow the curvature of the earth, aa It wUI 
be one of my imrpoHea to show. We will bowever, sp- 
prcach the condltloaa of wireless somewhat gradnally. 

We will first coDnider so ordinary wire transmlaslon 
of the almplcot type. l«t na assume a line of wire, u 
In Klg. .<1, Insulated and connocted to ooo tonnlmil of 
the battery while the other terminal It earthed or 
grounded. A almple telegraph system on open circuit 
would niirescnt this arrangement The only effect Is 
tlwt the battery suppUea a small chargn to the line, pro¬ 
ducing a potential difference between tbe insulated Une 
ami the earth, assuming, of course, that there Is no 
liwkiigc of any kind to disturb the conditions. Aa soon 
iiN the charge Is eatabllshod In tbo Une at the full poten¬ 
tial of tile battery, which, lu ordinary cages, would take 
place wllhla a very small fraction of a second, a steady 
or Htatic condithm Is reached, which might be Indicated 
by elcctroetatlc stress lines drawn from the wire to the 
ground, Hs Illustrated lu Fig. S by the One dotted lines 
iNinuoctlng the horixontal line to the ground siirfum 
hclow If the wire be viewed on end (Fig. 4), we most 
represent theae atress lines as extomling out radlslly 
fram the wire and Is-ndlng over to meet s eonalderable 
IHirtlon of the ground aurface below. As this arrange- 
incut Is constituted, there la no energy transfer and the 
i-i.ndlllon Is static only, if now the ftir end of the line 
In earthed, os tliniugh an liistruineni or device which 
ages energy, as In Fig. 0. at tho moment of such con- 
iiiclloii there would be a lowering of the liitruiatty of 
the NtrcHS toward the receiving Instniinenl and the line 
woiilil ig. iliHtlmrged wi-ro It not for the maliitnliilng 
mtloii of llic iwitory. which gtlll kco|is up the differ- 
eiicc of iNitintlnl livlwvon line ainl gruuiid. If the Une 
Is Wllhoiit rcslstniicc, this iNilciillal will have tite same 
viiinc nil along tho line, esiasilully If the line Ih of nnl- 
forni geclloa and of uniform distance fnsn the ground. 
The moment, however, the liistniniciit at ‘7" takn 
energy from the line n current Is fonod In tbo wire and 
II return In rerth. and there Is. go to g|ieuh. a flow of 



ngs.7.Baadt. 


ptierg-v III the Nmiia) hctwecii the wire nisi the earth and 
III the ether surrounding Ihe wire. In the direction ul 
the nrrow; tliat Is, from the genentlug end to the is- 
ccivlug end. Huritiuiidliig the wire st this time there 
ivill Is- s magnetic Held, which may be rqmsented by 
whorls or Unas of magnetism, so called, wrapped around 
the wire lUie so many hoops of ill sixes (Fig. 6), sk- 
isiiiillng lu slw sway from tbe wire In all diroctlona; 
iiiid a similar magnetic effect, of eourao. la abm produced 
liy tho return current lu the earth. But, ou account of 
the coudlUoiis of couducthm In earth being very devious 
and Irregular, It would be dUBcuIt to map the mag¬ 
netism generated. Tbe gystam of magnatle whorls so 
dovoloped on the dow of tbs current In tbe system 
reaches, for any dellnlto cnrraDt, t dollnlts density after 
a short intorvsL In other words, the density of the 
magnetic field between the wire and the earth Increases 
only up to a cortain point If tbo current however, be 
doubled lu any way, that field Is donblod In density or 
there are twice ax many lines psekad In tbe qmce 
around Ihe wire If now we took Inatoad of xn sarth- 
cnnnoctcd elrcnlt one In which there are two wires ex¬ 
tending frvin tho generating battery or genontor, the 



rondltlona will ba tbe same except that tbe streoa Uuea 
will now radiate from Mcb wire and connect tbe wires 
hy lines directly between them and by othxc curved 
lines oubddo. Much llnoa, or utberwiae conceived “tubes 
o' toree," ropreneut tbe atstlo field or the density and 
directions of electrostatic streares In the electrostatic 
field wbero one wire will be poaltlre while the other la 
iivgallve. If, as before, the ends of the wires are free 
or upen-clrculted, no energy la transmitted, and the 
mere static strees exists. It, however, the wires are 
Connected throngh an instninient receiving energy or 
utilising tho energy, then tbe mognstlc system Is devel¬ 
oped, surrounding each wire and paadng betwoea tha 
wires, and on tbe satabtlabment of any given comat 
tbeae Unea accnmnlate at a rapid rate until. In a small 
fraction of a second usually, a limit Is resebed. Tha 
magnetic field may then be said to bs ftilly developed. 
Outside of the pair of wlrgs tbe magnetlo dlstnrbenoe 
extends to very great distances, but Is nsecssarily weak 
far awsy. The magnetic whorls In tUa case do not 
center themgelveH lu circular patbg azoond the wires 
and nt equal distances iherofnim, but bstwuen tbe wlnn 
they are more condensed or pushed toward the wires 
themselves—crowded, so to speak—while outside of tho 
wires they expand (Figs. 8 and 0). It most be renwm- 
lo^red that these linn of force are merely symbols for 
what may be llkeneff to a magnetic stmoapbere. They 
Indicate tho density and direction of eerialn actions In 
the ether, called magnetic. It will be ImporUnt to note, 
both In wire and wlrelcsn tnuismlsaion, that tho energy 
la tranaferrod in the aurrouiidlng inedlam. Tbe wire la 
ordinary wire frausmlaaion la, In fact, a aort of guiding 
center or core aroniid which this ether distnrfaaiioe 
carrying the energy exists. The wire may he bent or 
colled, expanded or contracted wlthont sltering ths 
exsential nstore of ths prooesa. Bo tar, than, ordinary 
wire transmlssinn Is really a ease of wltelaii ttaoamls- 
slon, with tbe wire fbr a gnldliig core for tha energy 
(Fig. 101. 

It wonld tike ns too fir to attempt to explain or 
tbeorlas.on tbe modern view of tha paseage of electroas 
III the w^ forming the current, and the field they carry 
with and abont them In giving rlan to tha atrinii la- 
tha ether surnmndliif them. BnlBee It to aay Oat a 
mnvIiiK aleetroo moat not only ba acceatianlad or aor- 
nmiidnl liy the staHe atrem field which It prodnore In 
the ether, hut akio tiy a vugaMe eCact *iw —wtfg tha 
ww I t g 2Qtj 
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nlM It BAT be MtM to boTe ra^wd t otoedy Aate. It oviioelte. ThU muy bo tendored clou by itatlng tbat pliu aud minus with roMpect to eocb other, and allowed 

would »“»■ be a ceotlnnous current of eonatant ralue. while one iwrtlou of a roiy long line mlsht be poelUre in diacbarie ■rroNii ibe asp. Tbe charges are then tn- 

Rnergy can be steadily extracted from aucfa a ayatem to nirth anutber portion half a wave-length tllMtant ten-hanatal between a and b at a very high rate, though 

only by iDtrodudng some apparatus connwted with the from the Hrst along the same line wouhl be negative to Ihc waves decay nipldl], and the system vibrates only 

wire which la the guiding ctin> fur tbis energy. n 

Let us DOW coiadder the eaiat of current of a dUferent il 
character, a Unctnatlna, or lietter, an altemalliig inr- o| 
rent.-Jstt uh aubatltote f 

Ibrutluii tliere can be laxles uiid represciited by any Initial charge would be dissipated 

llloiw are Holected for obtaining In llio ether In tbese etber waves. Marconi, however, 

dotted vertical line Indicates the In Ids di'Vcli>))niDnt of wireless telegraphy did not use 

nre auy thus have wi-«alle<l ata- the coioiilele Mertxlati uscllliilor. lu setting up his 

(b'lg. 12). 



mure wires Is) Involved, as lu a tbree-pluise altenial 
current circuit. By couuectlng any two of I lie wl . 
tliruogli au energy-receiving apparatua H (Vlg. 11), tbe 
same action tbat takei place with the contlnuoua cur¬ 
rent may be reproduced except tbat the energy now 
cumca lu waves and la not a continuous flow. In ordi¬ 
nary cases there are sixty complete wavee or complete 
ebangsB from plus to minus and back to plus In each 
second, and the system la then called one of ei>< 7 Clo 
frequency. A further important dUrorcoce la to be 
noted between tbe altematlng-curreot candlBon and the 
contlnuoua. 'Ihe aciton In tbe etber around aud be¬ 
tween the wirea la now lu tbo form of waves, both mag- 
netle and electrostatic. Between wlrca there la on lu- 
craaae of eleetruatatlc atreaa to a maximum, a diminu¬ 
tion tu aero, a roverial, etc. Tbe magnetic Held also 
rlaea, fklla, reveraee, aud so on ayncbroDooHly. The 
condition la no longer static, tbe medium around tbe 
wirea bi lu a dynamic state, and It la now poaslble to 
abatract energy steadily from It without actually di¬ 
verting corrent from the Mne. We can. In fact, by aneb a 
system produce in neighboring conductars almllar dls- 
tnrbeiiees or currents, and along with Ibess dlaturbanccs 
we may deliver energy. 

The iltematlng-corrent transformer Is then merely a 
device for bringing two or more drcults together is 
near as posalhle aud enhancing the magnetic values 
which won)^ normally exist around such circuits by the 
adilltlnn of'kti iron atmoapbeiv, the Iron core, so that 
the greateht pusalblo tranafer of energy from one (the 
grlmnry drenlt) to the other (the secondary circuit) 
may ba accompUabad. But In tbe wire Itself, which 
leads bom on alteruatlng-carrent sourev, aluco there is 
■II actioa called a current which changes, pulsates, or 
■Itematea, we have also arouud the wire core wavea In 
the ether wbicb. In fket, spread to very great dlatanees; 
some small portion of the energy of each impulse not 
returning to the ayatem, but panalng outwanl Into apace 
as radiated energy. 

Thia radiation may be a very mnall arauuiil iwr cycle, 
especially where the oulgulng and return wires are laar 
together aud iwrnllel, and with low frequeucles, swU 
as ao cycles, on aCcuunt of the loW number of wiives 
par aecotid and the low opoed or rate of change In tbe 
tUdda anmniadliig the wire, the smonnt of energy car¬ 
ded off by free radiation Into apace bi Indeed negligible. 
Bat it we raise the baquency we raise the amount of 
energy whieh can be radiated proportionately to the 
number of wavea par eeeond, and we alao make the rate 
of ohange higher and the wave ihgiea ateeper, so tbat 
an Urn bsqueiiey rlaea the radlaUon factor becomes 
mete and more Important lu dlselpatlng the energy of 
the ayatem. It la dlflnaed through space around the 
elaetrle system at work and paaaat off to Illimitable dla- 
toncea. fUnee tbaot Impnlaea m the wire, tbe electrleal 
waves sent abHig tha wire (wttb the wire as a guiding 
enre),ain at the maximum move with tbe speed of light 
■olge^ mllaa par aeouad—U follows that If tbe line is 
auOdagitlr long or the tranamlaaloa aofflduitly extended 
or the pnth fA radUtloa mflclnDtly dMant Om wire 
■bMNi ec fliMg mriuiMti aw Mtit It dUmnt pula 


of notoiillal lielweeii the eoiidiicliirs thus orninged. (ho 
mdlatlon factor iimy at last liecisue very ImiNirtHiit, so 
llial If flic iwrta of the cimill are far aiuirt, free rndla- 
llon Into siwce may dlsisise of a large friictlou of llie 
energy sent out In the llertxinn usclllntor, deilni'lliig 
(hat Inst In the S|Hirk gap. practlivilly the whole of the 
remaining eiierg)' Hiipplhil Is rndlatial Into apace. The 
wave fwiuency nmy Is* vet) many millions is>r secoisl, 
anil the wavea iinalnccd are In Ihe nntnre of tiMrm 
light and heal waves. Klg. M exeuipllflcs dlagraiu- 
mntlcslly the fact that with very high freiiuency wavea 
a conductor carrying aucli wnves will have surronnilliig 
It. If the spare Is uiirmlrlrled, lungiwlir systems of lines 
rerenod lu illm*tl<ni with iiiMlrs lielweeii. the disluncc 
Hiwrt of these waves or inslea Mug ileteriDlneil liy the 
frequency lu reliiUoii lo lla; velocity of Hghl. earli mm- 
plote wave niitslde the wire oceupyliig a length is|nnl lo 
the velialty of Hghl, IMMno mlh-s per aoeniid. dividisl 
by tile wavelength or freqiieimy. 

figs. I.T and 10 nqireseiit foniis of llerixliiii osellliitnr. 
coiislNtliig of plates or sliberes uh of nieliil. se|uinited 
l.y II siiiiill Kisirk gap uisl rhiirgisl In any sulliihk* way. 
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abb'h could bo charged aud which could dbicbarge tu 
the Hhn*t through a amall air gap. In this arrangement 
not only w’uuld wavea be sent out Into tbe aUTrounillog 
1*1 bur siMce, but there would be current travenlJig tbe 
slicet us waves of current around the spot where the 
illscbarge of tbe Insulated body took place. In tact, 1 
Ibink It would be poealble tu represent experimentally 
II modern wireless system with a diminutive antenna to 
n>prcscnl the traiiHralUiog atatlou, and extended copper 
Hbcet lu rcpri>suut the earth's aurtaou, and with Inves- 
ligating or receiving antennu* set up here aud there or 
niovcil from point tu iwint on tho exlejided surtacei 
Merc, oltbougb Uie disturbance and the energy con- 
ve.iniico Is In the ether arouud tbe antenna (or tbe part 
n*|in!suiilliq[ the balf of tbe llcrtxlan oedllatur), the 
riiurgy h guldi>d lu Its dlreullon by tho current In the 
Hbii*! repreBontlng the siirmce of the sea, Just as In the 
win* tninsmbwlon tlio energy' Is guided by tbn wire ■■ 
II con*. On account of the eiiurmuua extent of tho 
ciirlh'8 sou surface, ihere bi no need of a return ulrcult. 
The 1 ‘iierK.v sent out moves In all dlrectluns, guided by 
Die conducting water snrfacu or Uiul surface, as the 
Ciise may Is.*. There will iinn*Hiiarlly lie a rapid alleiiun- 
IliHi of ilio energy as It Icnves tho sending or trnns- 
niltllrig iiiileiina and N]in*nds out to HIl a wider and 
w bier Mimce around II. The higher the aondlug anleiiiia 
Die greater the distance which can be reached before 
Ibe Iittuiiuatloii b< too great for Imimrtlng signals 
la*l UH consider fur s moment by the aid of a dgiira 
Die ncllniiH which must occur In wln*less transmission 
on the HCiiilIng out of energy from the truiismlltlng an- 
teiiiiH. lleferriiig to KIg. 17, wo will n*present by o—e the 
Hiirfiiei* of the earth as If It were Oat, and for moderate 
dlstMin>es tlila will lie siibstautlally the ease. We will 
en*ct on that surface u tall mast A of eonduetlng wire 
o.- wires whieh, at the tup, shall have an extension to 
liiereast* lls ciipiielly. This might Is* u largo lull of 
slits*! iHi*lBl. I simllj, for ciiimtruction to lie pniotlrahle. 
It Is II M l of wires- a sort of cage or n skeleloii body. 
.Now, by iiii> K.)Mteu. Iiidiallvoly, conilnellvely, or other¬ 
wise, or by whut la known aa close or loose Inductive 
coupling or Wliut mil (KIgs. 18, ]I), '10) we reuse elec- 




ni'gnllve, many thousaiMls, even hundreds of thousands, 
of times per M*eoniL In oilier wonis, wo ImpresN a 
high freqiieiiey wnvc upon this varUciil mast. We will 
try to present an liistanlaneoua picture or form an lii- 
sUnlancous Imago of what tha coudlUon Is at the begin¬ 
ning of the DtOOML 


Fin. lai 14, It u4 It. 
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Hie nomu MIHlur Tnetor BMhM 

TiiK aiiuexcil pliotograpb giroi a food Ids* of tbe 
KTiiiiral appoariiDeo of tlio Utmt mtlltiiry tractor biplane 
to be coUHtructed for tbe (lorernmviit competition, 
which wan belli taut fall at Hau Uleaa The Tboniaa 
uillltary iiiaclilue liaa all Ute up to-date fcatorea re- 
i|iilnHl by till! Oovemiueiit anil even with the 00 borae- 
IMiwer AuNtriePiiliuIer uuanr umhI, It liau ahown n>iiiark- 
iiblp H|iecd varlatlou aud (treat cIliDlilng ability. With 
a iiiotiir of inu liorHi'(Hiwer, wbleli bi wliut la bdiif 
iimhI i-liletly nliroad mi iiilllUiry luiiebliieH iiowailayH, thia 
liiiii'lilne uiiuld la- m|iuil to any of thuH(> taklug part lu 
the (inwiiL war 111 KuruiV. 

'I'lie wliiK curve iiacil In the (ilunce of tlUa uew tua- 
cliliie la Hint ilealKiicd and teated by M. Klffel and 
rmiiid lu luive the uxtreiaely high lift to drift ratio of 
1 to 191. ItealdiH tliia It la juirtlcularly adapted to faat 
elliiibliiK with a load, the inacbluc liavliif aacended 
4,tNII) fivt III ten mliiiitea (800 find In llie flrat minute) 
witli (illot. two itaMH'UipTH, and a four houra' aupply of 
fuel. It liiia iiImo devebi|ieil a N|aHul of 83 mitea iipr 
hour «lieii fully Imideil and Iina flown as low aa iW 
uilli-H |M-r lioiir. IliMidva fuel and oil fur four houri 
the luuehliie la llgunil to mirry un iiddltlooal load of 
4110 luainda. 

TIa* illnienalmiN of thIa new tractor am .'HI fei‘t apread 
with a D-fout cliunl and a ll-fout gup. Ita overnll length 
la 30 fet>t It la provliliul with a alniple roiiiilng gi-ar 
Ilf the two-wheel Iwo-akld tyi»', 30 by 4-llich tlnia of 
gnuit nuilllency lailng tilted, the iwual rubber hiiiid 
alim-k idMorlM-ra ladiig iiaiul aa well. Alleruiia are flltial 
to ladli enda of ciicli (iliine and are operated clllH>r by 


conatmctloo at tbe foaeUfi, nil tbe lonfltadlnel pmm- 
ben being of I aacthn and tapered to lednee weight 
Tbe atruta and eroaa ansben an atteehed by maena of 
atool cll|M au that no herfea era drilled In tbe longi¬ 
tudinal tuemlieni. Theae dlpe and all the turn bnoklea, 
I-bnltii, etc., are of ated haring a ht^ tenalle atrangth. 
Following la a table of tbe regnlrementa made by tbe 
army and the actual performance of tbe new Tbomati 
trertor. Tbe weight of thia new machine empty la 
HHinixImately 1,075 itonnda. 

n. a. ABMV BBQDIBBMBNTtL 


Himd .TO mllaa per bour 

rwiriil Ineil .TSO pound! 

rilmis fully loaded.4AM0 feet in 10 mlnutoa 

Slow NiMied.40 mtlea per boor 

I'miieller efllclency.70 iier cent 

Inherent atablllty. 

amtiLTH or the TnoMaa kiplare. 

Hpeml .81.1 mllee per hour 

1iMi>nil load .800 poundi 

Cllmh, fully linded ....4,WI0 feet in 10 minntea exai-Uy 

Mlow aiNud.:is mlira per hour, aiiproxlnialdy 

I'nippller idflclnncy.75 |ier cent 


Very atablo Indeed. 

Gemuui Railwajrfl and the War 

Tiix iMrt played by tbo railways lu connection with 
(he present war hna lieen, and la, of an exceedingly 
pnimlnont durader, tadh In Orent Britain and on tbe 
(.‘oiitliient of Europe, and tbe chairmen of tbe Hngllidi 
cniupaubiH, aa la shown by Ihe apeechra deUrered at 



•nntty of labor. It la iMB^ tiiat bMpagtaBfrdhptaea^ 
moita la tnlBd bare omma br tto nUway tnaapiKt 
of WBuiQdltleo wlileh wm ftmivlr oomrfd by waWv 
vay or M ronte troB tbo oaat to the mot of tbo eaoo* 
try. In tbe caaa of tbo ptwwnar MrTlee on the Frao- 
alan raUwaya, Ipdndlng troop tnlm, the flnineUl 
reonlta hare been iwaporttonaMy nM(« oatbronblo 
thun tboee derired from tbo goods rarrloei Aa oob- 
pored wtih the eqntralant nontbi In IMS; tbr ipeeipta 
from tbe paaoenger traBle are recorded at OdOl pw oent 
In Augnat, 4030 per cent In Bep te inbor, <0.80 i«r oeat 
In October, 70.30 per cent in Norenber, and O&l por 
cent In December. It la cnlonlatod that tbe rednetton 
In tbe recelpta from the gooda tnflto In 1914 baa 
amonnied to £13,000,000 (pIRMlOadOO). and that tnm 
tbe paaaeuger traffle to £0,5003100 («823n(MM0), makbig 
a total docHne of £10300,000 (1073100,0(10) aa aompaNd 
with tbe preceding year, when the comUnod reeal|ita 
wcK £108,0003)00 (1^5,000,000). The PnuaUn Mliila- 
ter of Finance, In the course of a apeecb dellrersd be¬ 
fore the Ta>wer House on Felirnary Otb, stated that 
while the railways solely awed the parpoaa at goods 
and passenger traflie in times of peace, they wera a 
raigtaty and Important Instrument In the imndnct of 
war. tn announcing that the recelpta from tbe goods 
trsfllc tn December bad risen to 05 per cent of tbs total 
In tbe same month in 1013, aa prarlonaly moitioned, tbe 
Mliilater remarked that tbe derelopment woa au alo- 
quent IwltcatioD of the groat extent to which the eeo- 
iiomlc life of the country was again pnliating and again 
flourishing. Tbe protnrtion of working expensM to 
ni!el|itB had Inrreesed, but any deficiency waa expected 
to be met out of the eqnaliratlon fund, which was de¬ 
clared to exceed £10,000,000 (9NO;000,000>. 

If the German flgnrca concerning the petoentages of 
receipts ate trustworthy and have not been prepand 
for pnbllc consumption, they certainly show nmarkable 
iTsulta under tbe coedltlons which prerall In that coun¬ 
try. The coal Imlustry, for InatancCk ia only working at 
01) per cent Of tbe normal ontput and a comparative 
Hcarclly of coel ezlata, while the prodncHon of the Iron, 
and ateel trades la only about an average of 00 per eent 
of the normal rate. But aa tbe export trade in coal and 
Iron and atcel Is Inalgnlflcant at the preaent tlma^ nearly 
the whole of tbe ontput Is being aboorbed by the home 
market With the limitation in other IndostrlM It 
arems incredible Ibnt tbe gooda tra/llc could have 
reached In December wltbln 0 per eent of the teodpto 
which were earned In the correapondlng mootb tn 1013, 
aud tbe German statement may therefore be acoqtted 
with cuneldenble rmerva At the lanM time^ tbera Is 
Iraa reason for doubting the atoertlona that tbe Oeeman 
Htate Hallway autboiitles have in opention seven Bna- 
aian, nineteen Belgian, and three Frenob rallwayo, In 
the worklug of wblrb 43,000 Oernians are emplo^, 
nwl that the sole object of the invasion at Bnaalan 
I’olBud In Heptoraber and November was the deotructlon 
of rallwaya end roads which might be of aervlca for tbe 
Husalnn army.—The BnfiMer. 

The Schhnuu Region of the Spednun 

nrrwaaa the abortaat Bebumenn waves and tbe 


till- iiHiiiil Mhoiililcr .!oki< or by ih-iImIn, nminlliig to the 
iiHiiiil TIioiiiiih |inii'lli‘<‘. 'I'lic wliip! iin* imensi witb 
IiIkIi gmilc liii|><rli,<l Irish lliii'ii liii\liig ii lilgb stn-iiglb 
(s'r wiiiun. liu-b In IsSli Hi-fl iinil winivf. Tills Is »,wn 


■III iiikI nil'll Imilisl vilili .'i to II nails of Einnilllli'. 
Till* gn.vs iiri' iiiiiili' of llcs'lilliig sin-l i-iilib., wlili-li Is 
iloiihleil for safi'ly, iiml iilso iiloki.l |iliiU>d win- of tbe 



111 the Win'S Ihi'iiiseix's. In-siilu- Ihi' nauiiletn liii'loe- 
lug of llip (Miu’cr plaiil Is'iinilb iin iiliiuiliibim bonnet, 
tliiw thoroiigbly protis-lliiK sninr anil iircM'ivliig Uie 
Hlrniui Mill' fiiriu of llio fiisi'liigi'. tin* motor In laislly 
HCUMsIbb- mill i-Hii Ih' quli'kly nan-bisl In all Its pnrts, 
If nnylbliig nissls iitti'iitlon. Tbronghoiit the whole 
niiii'bliii' iiiss'ssllillll.i anil qiili'k iissi'iiililing anil dln- 
tu'iiililliig Ilf till' iMirls biivi' Iss'ii llii' (Hiliils krid In view 
III iiinkliie I be design. I'lii' si nils mill wings cnii lie 
very naiillly (iiit togelliiT or illsseiiililed as the ejise 
limy la'. The fueler of safely Is si'veii lu every fiart 
of tbe iniii-lilne. Tills Is, we U'lleve. Komewhat lilglier 
tbiiii Is iisisl on iiiuiiy iierii)ilaiies. The mni'hlnc bi ii 
two water ligvlng iiliiiiiliiliiiii liiieket tyis' seats snitalily 
iipliolstemi anil arrangisl In lumleui. (in the daab- 
Isainl In front of llie iillot's seat an' llttisl the usual 
gasoline im'ssiire pige, n'voliilloii isiuiiler, liiellnomoter, 
ImrmitHtib, msl IM(ol tuls' iilr siassluiiieter, ns well aa 
till' HWiteb mill gnsoHiie Hbiitidf. Tbe spark of tbe 
niugnelo may also lie adrmicisl. The consuniptlim of 
gasoline'wIIh llm Aiistro-Iiiilniler molar Is hut U gal¬ 
lons |a>r hour, while lean than one half gallon of c41 ia 
masl. TIh' uinbiaiany propeller Ims shown qn edlcleiicy 
of TV per ccut In Blffel'a leboratory teat It, too, baa a 
factor of safety of levea White tab is used In tba 


■ lie iiiiiinni meetings which are now In progrrsa, are. 
iiatiinilly, (siiigrutulating the shareholders on the 
Niiiisilhiiem with which working Ims iinassMled iiotwllb- 
simnllHg tbe teiu|S>rary (smgeslhni of trafllc sliwe Iba 
oiillireak of Ihe war, under the admlnlstratlou of tho 
exemllve vominlttee of the general managera acting 
iiiider tho dlrtvlloiis of the Board of Trade. 

U mn) be Instructive to Inreatlgate the economic ef¬ 
fects which have been brought about in tbe working of 
the (lerumii railway system aliM;e the uulbreak of hos¬ 
tilities, as Is set forth In the newspapers publlsbed in 
tliaf i-onutry. Aertmling to tbe Bgures issued by the 
Htate Hallway authorities at the end of January, an 
enormona decline took place in Ihe reedpto from the 
gtsals traffic on the I’ruadan railways in the month of 
August, including rwelptB charged for military tnns- 
isirt ininweea, although a prngreaslrc Improvement en¬ 
sued hi each aucceeillng month to the end nf the year. 
Tim receipts In Anguet, for Instance, are returned at 
4131.1 IKT cent of the recelpta from gooda itaffle in tbe 
isiniriileiit month In 1013: In Reptember, 88.78 per c«it: 
(kiidsT. 70.07 per cent; and November, 81.41 per cent; 
while for Iieceniher, ae was announced by tbe Praralafi 
Klinlster of Finance In tho Prussian Diet on Kebrnuiy 
IHh, the receipts amounted to in |icr cent of tboee roal- 
Ired III the nmu mmitb of lOia If tba flgnree can be 
n lied upon aa being accurate, the decHno whlcb took 
place lu the opening monlhs of tbe war most be enn- 
sldered In Iw small; the rednctlou. Indeed, Js said to be 
even less than what oocun In an ordinary period of 
receding commercial proaiierity. As the prodneHoB in 
nmny hranchea of trade, ait for InataneB «al nlnliig, 
Iron and atcel mannfoetare, ate,, haa heco, and sUU la, 
targely restrictad In cen aa q aeoe e e( tba ouavuiUve 


waves of llie X-rays tbera la at lareaent a gap In which 
the relnlloii ladweeii light and nwtter undergocH i priv 
found elmiigp, aud while further exidoralhm nf tbe 
ngloii would undinilitedly reveal reaulta of tbe greatest 
vnlne. the ainniltles In tbe way are enormoua Htill 
with tbe knowledge of other dHBcultlaa, apparently 
folly aa greet, that have been anoceaafolly ovecconia by 
arleiitUc loveatlgatun. It would mit be safe to say that 
anything la Impossible. Indeed, a coneiderable atv has 
already bean made In tbe desired dlrectton by Dr. T. 
I^rman. who boa ancceeded In photograpblog tbe apee- 
truffl to wave-length 806, which la really a greatar ad¬ 
vance than flehumann acoompllahed, In view of the con¬ 
tinually Inonaalng dlfllcnltles, and an account of this 
work la glvao In "The Bpeottuscape of the Bxtreme 
Ultra-Violet," pnbltslied by Longmans, Green A Oo., 
Ismdon. 

A most intoresUiig porttoo of this work is the de¬ 
al rtptton of the apparatus employed. Itia opacity of 
air, glsaa and floaita to the Bchumtun wfjf roudera U 
neceoMry that the entire spectrograph and aourre of 
llgllt ahonhl be tncloend In a vacunm, and Uiat apaelal 
matertala ahould be need for tbe eoaetraotioa of IsMea 
and prisma; apedally prepared photagrapMo piatea aw 
also iiereamry. BtAumanb mada haa of a vaeunm apw 
irograpta having priama and lensM of flnoritai but Prat 
Lyman has amployad a coneava grating irf one mtiter 
ndhiB, which is mneh aiiqiliir In adjustgiatit and baa 
tbe gnat advautageof permuting tbs datarmiaatloa gC 
wave-lHigtlia. 

Prat Lywaa also dtoenaaea tbe abrarptlon gf giany. 
gaum Md matertala tn the raglaa at abort TtiTa limgWafi 
aa weU oa the Beam of farlgra alaraaMa TbavMk' 
wtu ba Mot taitaiMaaJrfnto tbaag.p^gi^ 

DBiikda iB *• gRyg MfHW ralMB. 
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The Uses of Light in the Treatment of Disease 


Its Value as 


From Ume ImmmnntM Urn bencAoU InflaMMe of 
mnUi^t uiMn onimal uid vvieUUe Ufe hw brnn renog- 
nlied, but It li only »t the pNMnt time timt we ve ep* 
imei»Uii)| it* fun vahm ia the traetment o( dbMue. 

Hie exeenent ead even wondoifiil renlte of hdio- 
in the treetnwnt of bone tabecoulotic, to which 
nttentioa hae been eeUed within m recent period, will 
mrve m an flhiettatioiL 

Fm obvknu naioni, however, nnllgfat ie not atwaye 
avaUable, and it hai therefore been found advantaceoue 
to leaort to other loiiroea ot bght. Tbanke to the pro- 
fMB made in eleelrieity, we now have at nut diepoeal 
vaiioua meani of obtaining Ught oloaely appraaohing 
that of the eun in Ita ranedial aotion, and lo theac mean*, 
ebieay, ray paper will be devoted. 

It muit be remmubend that the tbormlo effect* of 
U^t are due to the impiiigeineat of the laya upon the 
tnaalDoent eutaneoui tiaeuee. The arreat of the light 
ray* by the ildn and aubentanmua itnietnroe produmM 
radiant heat whieb baa a highor penetrating power than 
oonvretion heat a* generated by a hotwater bag or 
ponltioe,forinBtanee. It baa bean found that the tbermio 
effeota of light extend to a depth of twro inehea or more, 
while eonveotion heat la ptl^pally exerted upon the 
aurfaee. In ewnpaiing the thexapeutto aotion of both 
it will be eoon that the ehangee produeed in the tiaauee 
by the former are muok more ptonouneed. Thua if tho 
body be expoeod to an intanee light, ai in an eleetile light 
eabinet bath, the reanlting hyperemia and elimination 
of waate prodnota by the akin and Iddneyi (cellular 
nutrition) are much mwe pronounoed than in a Turkiih 
or RnaaiM bath. The marited augmentation of the 
oxidation pnweaaH in tiie tietuei ii ihown by the graatmr 
amount of oaiban dioxide thrown off by the lunga and 
by the Innreaae of lolida in the urine. It la alao elaimed 
that the natural drfenoea of the body (phagoeytoaU) 
are gnxtily promotod. 

The aotiida or ohnmloal raya play an important part 
in phototherapy only whan the U^t 1* oonMintrated upon 
a loaallied area aa In the uie of the are lamp. Undw 
theae etraumstanoea the actinia nya W>aar to enhanee 
oa well aa modify the aotion of the tharmio and lumlnoua 
raya. Thua the nltra-violatrtdlatkmi, which are aotlnie, 
have been drawn to exert an anti-baeterial aotion aa wdl 
M to promote kwal jdiegoeytoaia. 

The general appUeation of phototherapy oonilnta 
praotioally in the uae of the aiootrie U^t bath, and dnee 
muoh of the benefit to be derived from tUa agent will 
depend upon the appaiatua employed, I will fliit give 
a deacription ot what baa proven to me to be the moat 
aatiafaetory type of eabinet. 

An eleotrie light eabinet ahould be oonatmeted aoeord- 
big to the following plan: The eaUnet ahould be oota- 
gonal in ahape, 4 feet aquare by 6 feet high; the Uning 
ahould be of white blotter and not mirror aurfaoe; tho 
aouroe of li|ri>t ahould come from 100 40-watt tungaUm 
larapa, conveniently arrangnl, ao that they will be und<>r 
control from within by iiroperly placed awitehee, one 
half or full number of the lampa to be employed, a* du- 
alrnd. The cabinet ahould open at the top, not entiroly, 
but partly w and it diould have an air vent 3 inebea in 
diameter in the oonter of the floor, over wUoh le placed 
a hiw atool 18 Inohea Ugh, upon which the subjeot ia 
aeated. (It haa been found that a ventilated room 
it muoh more quickly and evenly heated artifloUly than 
uae that if ekmed or aealed.) The further advantagea 
of this eonatruotlan are that a large ndume of U^t with 
k ndnimum amount of heat it produeed in the eabinet, 
that theamanationa of noxioiia gaaea and odon from the 
human body are quleldy eaariad off," that the degree of 
eutaoeoaa'hyperei^ and dfagiharaala ia nueh more iD- 
teniB, and that tha uinal depr e a win n and other un* 
jteaaant aynptoma are entirriy obviated, aa oomiiared 
with the older form of eloaed cabinet. 

Among the oqnditioiii In whleh the eleetrie light batli 
haa proved to be moat awioHUe an artcrioaefamala 
(b*"i«*»ttig of tbe Mtariea), goaty and iheumatie oon- 
ditiont, Brigfat'a diaaaan, dlabetea, obeaity and acute 
eatanbal affeetloiii of the reqintory traet. 

In tbe majority of eaam of arterioadaroala bi the earlier 
, etagea 1 have advM the ngnlar uae (d theae baths with 
benrilidii rmdta, and I baUave that they have 
wwdad off meraamteua oflfclte Pangea whteh otherwiae 
havrintlFiMM. 

'Ae.riboto of them bathe ani 
, htfiiM* ittMm li y pm« 0l a or nddimh ig of tbe 

aj g imi i.i iai l eHbeti ghl * a aem inia iimtimritbemamtaet. 

| ^I |^ ^g »g^ ^ |g g^ ih. t #iia rt araila^ Itu, 


an Efficient Remedy When Properly 
By E. C. Titus 

aUn and thu* roilart* llu< ciiiigcHlon of llic iI<>c|mt iirguc*, 
which la frequently prcaiint. 

2. To inenxutc ctiniination liy way of tlic lunga ami 
ildn. It haa been found that during and fulluwing the 
hath the cltminatnin cf carlMin dioxiil ia pracUcally 
doubled, while the prof uae perapiralion ptudu^ oarrka 
away mueh toxio or poiaunoua material and in that way 
relievea tho ovrrtaxed kidneya. Aa it ia generally ac¬ 
cepted that toxemia playa an important part in the 
cauaation of hardening of the artcrica, thi* Iwiicfit t» Iw 
derived from thia method ia readily i^iparenl. 

Rhfuviatie and Oouly Affertion* —In late yean it haa 
been frequently pointed out that many iiMiditiiina eoiii- 
monly termed rheumatic differ eiwtmtially fmiii the aciilc 
type of the diaeam whieb la vtvy probably of barlcrlal 
iiiirin. (>n tiui other hand, there ia abundant roaaoii to 
believe that Ihme chronic forma which Imvc been grouped 
under the namca of rlieunuttuid arthritia, rlmumalie 
gout, (Hitcii-arthritia, arthritis dcfnrmauH, are tho rraiilt 
of aulii-lntiixiuatiun and diaturhanecH of luelaliuliain. 
From what haa boon aald above it will lie n-ailily undcr- 
atood that tlui marked effeet of the cli>nirio light liath in 
iueraaaing elimination will exert a lameflcial influcniw 
upon the toxemia In these caaea and llicn<rerw prove id 
material aid to other treatment. The diatreniing pains 
and atUfneaa in the joints are alao gnavtly relieved aa 
patients have frequently aaauted me. In i-.Unmie gimt, 
wbloh ia more frequent in thia country tlian ia geuerally 
thought, the action of light hatha la to augment the 
outaneoua or peripheral oireulatiun and in that way 
favor the abau^tion of untie or chalky dopoaita. 

It may be oaked why a Turkiab or Uuaslan hath will 
not do equally well in tho oonditiona mentioned. My 
earn experienne liaa aliown that tho effect of tho light 
bath ia mueh more pronouneod and prolonged. 

Brithl'a Diaeate.—ihto of the ohirf aims in the treat¬ 
ment of Bright's disease is to lessen tho work of the 
kidneya The light bath will be found a b«ll<<r auxiliary 
meoBUro fur oocumpliahing this purpose than tbe iimial 
hot peek or steam hath. Aa previously pointed out, 
notwithitanding the pnifuae sweallng induced, the 

log effeet of the light energy upon the peripheral nerves. 

Diabetes.—The light baths are not od^ited to every 
earn of this dlseoae, but portieiilariy to patients wlio 
present a dry akin with various outaneoua eruptiuns, 
espeuially of an aezematoua oharaeter. The iamt n>- 
aulls ate oblainisl where diabeksi la atlemleil witli high 
blood prosauro. 

Obesity.—The heat penetration In on olertrio 'ight batli 
which, oa already moationeil, extends to a depth of over 
two Inches, stimulatoa the oxidation pnaxiaeis) in llio fatty 
tiasum and promotes their lUainlegration in cases of 
obeaity. It will thus prove an exwd'cnt auxiliary to tho 
euatomary treatmiml. 

Acute Catarrhal Affeclioua of Ikr Krainralarg Trad. 

The wrikT lias frequently iuul lui opiMirliinity U» wiliuws 
the lioiiufleial effis-ta of an elwlrie liglil lialli al. the la-- 
ginniiig of a eoid in olairtmg it or greatly aiuelmruliiig 
ita ouurae. From personal expeneina-H IIbti' eaii la' no 
question of ita aupenurity over the eusloiiiary hot liutli 
and di^iboretin (perspiratton uulueing) rnnieiiies. 

In the local applicatkma of llghl tiie folkiwing iiusuis 
ore availah'e: 

1. The are light, wliiob is tasit employmi liy niiana of 
an ordinary marine aeorcfalight, with iU glaaa front 
window removed. Tho one I employ oonsiimi>B 2b to 
36 amperes of (breot ourrent at 40 volts, and pnijenta tiie 
ll^t in pwalld raya by means of a r2-inob jioraboUe 
rrfeetor, and bos a light value of riamt SIXM candle- 
power. 

2. Tiie high power ineondisaaint loni]) with a enrhon 
or tungsten filament of 600 oaudh-power and provided 
with a dome refleotor. The eariam filament uses 12 
ampnee at 110 volts, while the kingskm lamp (amauniea 
only 3 ampervw at 110 volU. The former given off mote 
tbermio raya, wbile the latter prodiioes a greak>r amount 
of white light wHfa a minimum amount of boat. 

Aa abrody mentioned in iliaciisaiiig tho general ap- 
pUeatioDa of IWit, it onnatitukie a means of gimemting 
heat within tbe tissues down to a diqith ot two inehea ur 
men, while oonveetive heal ia far leas poitotratiiig. 
Moreover, botidea the ooovorrion of light raya into heat, 
we have to deal with tho ohemleal aotinio rays whieb 
alao ploy a not unimportant part In phototbenqiy. 

'Hm sum total of the eomUned effeet* ia as fuUowa. 
Than is an liwirnaand loeal activity, aa manifeated by a 
prononaBed hyperemia and an angmeaited tissue oxida¬ 
tion and elfaalttatiim. Th» effeeta of radiant energy, 
howorar, art not oonflned to the liUi of appttaalJon, but 


Employed 


ore ao iliffiiMsI tlial remole effects are produced in distant 
organs ami iien'c centers os a result of peripheral or 
eukuieouH stimulation. It ia easy to undentand that 
tiie inereasml eireiilatiun, oxidation and elimination in 
tile affected imrt will relieve oongeetion and promote 
obaorption of i<xiidntes and deposits and the excretion 
of torie matenaJa. 11 lum likewise been sliown by phyam- 
logiool inveatigatora tliat the beat production in tha 
tissues increaaca phagocytosis and thus enliaucea tlie 
vital resistance. 

Tlie rapid relief of pain and local apoam expnriennod 
from light llicrapy is due in a great uieoauro to the re¬ 
duction of oongestiou aud lo tissue relaxuliiiii. In this 
isiiiiiisitiiin it may lie einpliasized that theae ilocided 
uffisiU are liroiiglit nlmiit without tlie least risk to the 

patient, a ..'lit which is nut applicable iinn-scrvedly 

to iilluT methiHls of Ireuliiieiil. 

The iiiiiployineiitof thejiarallel raj a from a high power 
marine Hi'an-liliglit us ileserilMsI hImivc, np]ilie<l for 3(1 
miniitcH to the spiiie at u dislanm of It) feet, ia one of 
tho most effeet iiol and lasting means of relieving many 
funiis Ilf siiiiutl lumgestiou. 

In tlie aeiite stages of lirunchitis or in piiliuonoiy 
isMigiMtioii from aliiiust auy cause, light applieatioiu to 
the cliral alTonl a more prumiit reliif ot chest paiu and 
resiiiratory distress tlian any other measure with whiidi 
1 am fumiliHr. In casivi of elininin bronchitis marked 
henelll is iilikunisl by iirolungisl daily applications of 
light to lliu front and back of tlie elnsit, continued until 
marked nslucss ami lanuiiig of the skin is producixl. 

To prumoki more speedy obsurpliun iu pleurisy 1 kmiw 
of no iHilkT means than tlie doily iiso of phoU)thera|>y. 
In lobar and bronchial pneumonia its lieneflcial mfluenee 
is moiutested by marked relief of pom aud dyspnea 
(shortnesa of breath) and on improvement in the general 
I'omforl. of the patient; and in eaaee where n-anliilinn 
was dclaytvl, it seeniisl U> hnskm I Ids pnxieas. 

I liave fmiuently liail lavaMon lo resort to thia Insti- 
inent, imiog oilher the ore or fiOO eandlt‘-|iower tungskui 
lamp, In caaea of both aeuU> and suli-oeiiUi inflammation 
ut tho gallbladder, eongnstion of tiu' liver and other 
abdominal viaecra from chronic malaria, oleidioiiani ami 
persistent intestinal oulo-intoxieation. Ilia no exaggera¬ 
tion to any that my results hove bi>oii far iHakT than 
when sole reliance wna placed upon euslmuury medi¬ 
cinal treatment. 

In the Ireatnieiil of iiiiiseiilar rlieiimalism, niiiritis 
and even llu< iiilolise diwmiiiforl OHSM-iaUsI with Lens's 
soaler (sldiiglie), mure rapid and lasting ndief, due to 
dlminiahed congestion and nerve sonsibillly, will ls> olv- 
toimsl by this method than by reeourse Ui the varioua 
anulgeaii'B and with no risk of uiideHiralile aft<iT-effw.-ts. 

The pain in acute middle ear catarrh (eommiinraraclic), 
the fronliJ ur orliital lieadachc areompoiiying acute 
colils, anil esiHsdallv iiivol\«menl of llie frontal sinus 
aiifl ellimoid cells ia promptly ullcviiitiHl by a tluiroiigli 
application at fn'qiieiil iiitervala of light from a .'iO-istmlle 
jsiwer I'urlsiu or tiiiigsli'ii luiiip ill a suitable rellis'lor. 
To tills 1 eun leHlify not only from iiiy own experieiiep, 
lint I could add the leslimony of iiiaiiy physieuiis 
famUior with tbo use of this isiteut tliora|smtic agent. 
In chronin ear troiiiilH and disease of Uie frontal sinus 
and antrum, it lias pnivisl a very valuable auxiliary liy 
relieving tlie uoiigiwlioii ami elearing up tho disehoige. 

It lioa bisin iny privilige ki nitneas the suiss'ss of thia 
treatment in several eaaea of eatarrliol opis'ndieitis, 
and it has seenuri to me that the pain and other symp¬ 
toms were more quickly ameliorated and tho neeesrity 
of tuigicol Intervention more ofk'n avoided thou hail 
boon my previous oxperienoo. 

In varioua typos of septic conditions, such oa phleliitis, 
BO-called niilk-li'g, following cliilil birth, or intrapelvie 
operations, thi< iisi' of light in the inaiiiii'r imlicnted or liy 
nu'ODS of tlie multiple light dome, us einpluyisl in tlio 
Women's llospital in Now York, luu proved a well- 
nigh indlsiMmsablo agent in gynoeohigicul practieo. 

It will Isi found equally useful in tlie treatiueul ot 
lofeekHl wounds of the exln'mitics, is'llidilis, furuncles, 
varicose ulcers, and Inralizni infcetive pHstwi's in gen¬ 
eral 

From expivieiiee lip lo dote there seems to he a bril¬ 
liant future fur this nieaiiuru in hoskmiiig re,iair in eaws 
of delayed union of fraoturoa. 

In an arlicki published some time ago 1 reiuirtod 
obaervationa whioh showed that it might he ixissilile 
to prevent the oneoaional dvleUmoua effects of tlie X- 
ray by following its appbeatbm with the rays from a 
marinu aearahlight. It b very graUfying lo mo hi stale 
that auhaeqnenl ux|i«ncnco haa aeomod to conflrm tliesti 
ranlU. 
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Ui iwdiMul (juLlckw- -m 
AiMrIru ritinn. uid 
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■ KniriMi iimerli ami Hinn'a Uurmin exoapUontllir 
iiMy TIm njllabtnUua at Dr. aartof. nbo b 
Hknn'a colloacuo In tho nUtimblp at Uhi Mtliam- 
latitfJu XiUKkrifl, hu •toeutlMiml Um inrtloii* 
ol llw work danUnc with thn npldly e(pudli« 
nibjivu of neralacy (UDpaMlr rannifa) ind 
nUnoiplHrlc abctrldty, nod nbo tka aacUon on 
tbo rorow of ckMula. Tymmplilcally tha book 
h u admlnhlH la lha arenco aarman UnUmok. 


dabatlac aodaUa.fwrltara and apaakara «ho ara 
aao klr b lur dollnlto InformatlMl on 4 auhjort ol 
aaat naUonal ImporUnea 

Indoor Qamrb tor Cbildricn. Writlen 
and illnilmtod hy Oloilya lloattio CroK* 
W. London and Ntrw York: Qcarga 
Iloutledca & Hoiu. lOtnii.; 130 pp. 

Ttab b a (Mlfbtlnl book fur ohIMmn. Ulualnl«il 
from aotoal phoCoiraptii abunliui cblldreti pUy- 

aa: An Improoptu Nuiaory or Sehoolraom Man- 
qtmde. fawhallna Haatn Ohna, a Rcaraoraw, a 
{tawbo^ 4 ■raoaa. Pawr Pan, Cborlly OM.- ^ 
Oan Man, a Bpook. PIraMa, a Duma, Ktac i 
Haory T.. BmohUda Whib tho hook ta aa 
Knclbli ona. the (amaa nan Iw idayad anywhoia i 
by ehlldran Irreaponllve ul natkioallty Ttaa i 
nbaptar dovotad m "Uring AUtuary Taldoaui" 


Carrania and Mexico. By Carlo do 
liWnoro. With Chaptam by Col. I. C. 
Knriquoa, Chorlin Kiaipiiion and M. C. 
RoUond. Now York; MltehoU Ken- 
nerley, 191S. 13ino.; 343 pp.; yrith Uluo- 
I tratlona and mop. Prioe, I1.3A net. 


Uly-llTii. faata ot andiiranoe and ralor tat bahalf 
I or the fltwwn million poona nbo attacked Unarta 
and hb ‘■■ovmmaaM oamacnt." The Um o( 
Oanaana and tha oompUeatad protalam tt Maaloo 
ta akUtfully unloMod by tha anther, who makaa 
no conaaolmeat id Ua detaatatta o( Dial lod bb 
“ MtahtaTrillaatabat.'- Heabarpaathafipeat 
lunnvaper pkoprlaaom In tha Unhad Btabn nan 


Boulauilvr, K.Z.H., Curator erf Lower k 
Vertebratoa in the Uordena of the Zoo- t 
logiobl Booiety. New York: K. P. Dutton » 
ft Co. 8vd.; 278 pp.; iUuatrated. PriiMi, ti 
S6 net.1 0 

Mr. BoiiliBB«"inorh(im<madalkibtlulbrani- 
liw irouBd to UM natunlbt. Tha nptlllan aah- * 
ttoa m tha UmdOB Cookiclnl Oardam ta unrar- ^ 
paaaad, and Ita curator b aa (ortunaia In hb 1 
auvIfoniiMnt aa thn Sooloaleal Hoebty to In Ita 
ourator. In hb oomproluulve volamo, ••Rap- 
Ulaa nod Batrarhlani." Mr Uoubninr dbokaai 


dohnaton, PpufoaiOT of Hiatory In the , 
CoUegn of the City of New York. Now 
Haven: Ya'e Univeriity I'reae, 1914 
Hvd.; 200 pp.; iUuatratod. l*ruNi, >2.011 , 


■tly vedfle. but hi oanaral hb iHb- 
aa lama abeunataallaOy aot forth 


Reoosnlied in Putuie Hana for Peace. 
By Bofcr W- BbiMon. Bwton: Babwn’ii 
SuUtlii^ O rynlkotlon (loeorporoted), 

The dkeobwtoohkd ot the World Poece fbun- 
ath» favorahiy dbeoaMe thb rohinie, hot wtahae 


BMk Nimdm af tke Sdratfle 
Amcricaa SqppleMnt 

Wr bei to RdrlM otv reodtn But we 
bore dinooutlnind BoUlni miBbm of the 
(kiiENTiyic Akerioan BerruaiERy dEted 
earlier than Jonnary 1,1914. We naorad 
the flrat week In April to the Woolworth 
Bidldliig, Mew York dty, and tha oho^ 
In onr uOlcee precluded tha canylnt of 
luneR of the Supflemeiit extendi^ orer 
a period of nearly forty yean. It woo, 
thereforei, necuanry to torn orat thla por- 
Ooo of the bnalnm to acnaoiw who bu 
■pace fur cartylug oo larfe a etock. The 
U. W. Wlleon Company of 8U Mamoroneok 
Arenne, White Plabu, N. T., hart been 
cheeen to lake cow ot our bock muaber 
biulneoa. They hare the conpleto otook 
and are ready bo nupply any of the bock 
nnmben at the atondard prioe of 10 eento. 
We, therefore, reqneet that, In fatniet all 
ordern fur BunuuiEirra bo sent dlraet to 
the H. W. Wlloon Oompany Inottod of 
ouraelvea. Pleaao do not onkr Btnm*- 
MENTa on lettm orOeriiig nhoGriptlona 
for the Henornriu AkiaioAR or the Bomi- 
nno Ameojoan BunuDaENT or booha, or 
runtainlng any other matten. 

wsaWWrtuwwt ttlaftiHUin^^rManaAii. 

We wliib to call attasUoa Is tha fact that 

view la every bcaech of petaat or tnOe-mark 
work. Onr atall la oonipoaad of BMkaalcsl, 
electrical and chamlcal uparta, tbonogUy 
tralaad to piaporo and praaaeata eU pstaot 
appUcafliiak, Inaipaotlrs ad tha asaMdu natafi 
or tbo rabioat maftst larolTad, er of tha apo- 
daU i ad, tsahklcal, er edenUDe kaewladu te- 
telrad therifor. 
























































































xauBsmn 


NEW YORK, APRIL 24. 1915 


r 





























































SCIENTinC AMERICAN SUPPLEMENT Na 2061 


Electro-Culture* 

A Resume of the Literature and Summary of Facts from Scattered Sources 


’I'lib in'leiitlllv lllui'iiuirti ut tbu InHt tou yeaii luw uuu- 
IhIiiikI ri-txiuuiit rvrLTuiK'W tu tlH) art ut lULTeaalim |iluiit 
Itrowtii iiiiU yield liy tliu uiiiillL-utIuii ut t>lw.-lrlc atliuull 
Ilf ueruilu kliMlN, HU nrt iiiiMt rouiuuiiily deHlKuntial aa 
iilwlru-cullure. Tlw uuitcrlal glveu, liowever, n-|iroentu 
\iTy little experliuvutul work lu ptvijortloii to Ita toI- 
iiiuc, voualalliig lu tliu uialu o( mure or lam vuuiplete 
lilatorlcul rvvlutVH (vucludad by u few paruKrapiu de- 
Murlbliig Mouio rueeut liiveatlgalluu. Tbo effeut upon a 
reader dmlrlnu to become acquabitod wltb tlie work 
duue witblii a reuauiiable leogtli of Uuie la IrrlUitlug, to 
auy tliH leuM. lu view at the growing lutereat lu lu- 
teiulve nielluMbi of ngrlcnlture, aud alao lu matboda of 
lllllug lu tiH) valleya lu tbu loud curvea ut ceutrul ata- 
thnui, there la teuauu tu expect a much more exluiufitlve 
liiveetlgutliiii of tbbi aubjoct lu the not remote future. 
P'or tbia ruuHuu It baa aeeuied dealrablu to collect the 
fiicta from tbo icattered aourcea, and attempt to arrange 
them lu a form mure cuuveuleut for uae, that la, from 
the iHlIut of view of the luvadcr of the province rather 
Hum the blabirUiu. 

It baa been found that Ibe experlmeiita of the peat 
fidl uaturally bitu Uvu cluaaoi, differing principally In 
Ibe metlKMl of aiipllcatlou ut electrical euergy. Tboaa 
uietlKjda are: 

I. lllimiluatluu by electric light. 

II. t'uialuctluu of atmuaplicrlc electricity from an 
elevated eulicctur tu au electrode lu the Bull, or tu dbt- 
ebarge iiulula above the plunta. 

III. ikjualltutliig the aull the electrolyte ut a voltaic 
cell by burying lu It two plutea of dlaalmllnr metal cuu- 
UHied by a cuuductor. 

IV. raaaliig current from au extcruul auurco tbruugb 
tlie aull between elecirudw burled tlierulii. 

V. froductlon of a alleut or glow dlachiirge through 
tlie ulr fmin overhead auteuiioe tu ibe aull, 

Them uielliuibi will be takeu up lu the order given, 
wlileb le npiiroximiituly that ot llieir luipurUuee. 

liETIIUII I. 

lllniutMtUtn bD HUsvtrio Light. 

Tliere eeeniH to Iihvh been rebitlvely little work (Uaie 
U(iou the effect of llliimliiutlug pliiuU by urllllelal or 
eluctrle light, lu IWtl 'Tlerva*' Maugon found that elec< 
trie light liiflueiiuva tiui funuatluu of cbloruphyl lu a 
way almllar to that of luuligbt. That the ahaerptlou 
Hiid aaalmllatluu at carbon dioxide occurred ai uaual 
under the electric arc woa abowu by frbllleax eight 
ycare later. 

lu lilVjU Wllbolin Hleuiuiw eonflmied theee obeerva- 
tloiia, but found Unit uuder cerUilu coudltluiu Injurloni 
elteeta were obtained and hence lie uaed an <H>almeent 
glam almde over the light. 

Tbcae facte were further conflnued by Bc-hraler tn 
Ihbl, und by Halley, Cornell Univenity, In IMH. Ilon- 
idor In IBIW, and Couebet In 1001, studied the atructure 
alteration lu plants and the leaf growth lu relalluu tu 
Hie electric light 

Since 1801 tlila line ot atUck luii beat neglected, 
probably beeauee of tbe attention attractod by the work 
of I.eniatrlim, and the lucceea of ble method. 

Doraey, however. In 1014, mentlona tbe treatment of 
het-houae radleliea and lettuce for three boura each day 
beginning at eunoet, with red light from a lOO-watt 
laiiip. and with blue light from a OooperHewItt lamp. 
Ibe lettuce whs affected favorably, tbo radlabes un¬ 
favorably. 

Condilbm of atmotpherio elet-iricilp from an Oevaied 
eoUertur to an electrode in Ike mil, or to dtmkarve 
puinln above the plMtH 

Among tlie lairlleat attempta to apply atmosplwrlc 
eleetrlotly to pinnt inilture appeare to have been that 
of Abbe Rerlbolon, In 1T83. Ho culled bla aiiparatui 
the eleitro-vegclonieter. It coneleted of a number of 
metal polnie elnilUr to o lightning rod, anpportad at a 
cunilderAble elevation, and connected by a oondactor to 
an Iron bar turlliihed with dlBcbarge polnti which bung 
down JUBt over tbe plants treated. Tbe whole apfio- 
rntne wna Insulated by wooden aapports. The Abba 
eteted that the u«e of thie arrangement always pto- 
diicnl an Incrmae In the fertility, vigor, and growth 
of the plants 

TiHter, 1870, (IrandMn and hie pnpll LeOlatc ahowsd 
bv carefnl lamiparatlve maaaureniaiiti. aaalyaea, ato, 
that protection of plant! from atmosphorto doetrlclty 
by racloiiars In wire cagM often retnrdi tba 120111)1 
over SO per cant But Nandlln rapsatsd his e ypl ii i w it 
a llttm laMh with rasnlts diametrically opposite. The 
more recnut, eipetlance ot Plnat de Molie appenti 


to MiilwtaiitlHlIy agree with that of lirandeau. 

A uiodlllcalkHt ot Uerthuluu'a uwlhud called tbe gee- 
iiiagnetlfere eyateui haa been «iulta eouinionly need in 
Franco. Thia itiuelata of an etevated cundactur con- 
neetud to wlrm running tlirougb tbu soil under the 
plaiitB tu Iw liiHueuced. 

Hertlielot carried on lunalderable work at tJemloD in 
Frame. He found that the growth of plants on tue top 
of a 28-nwter tower was greater than at Iba foot 

lilenteiiaiit Huaty experimented with metal rude ter- 
iiiluatlug lu a ball of uou-oxldlxalile metal at the lower 
end which wua burled In the gniuiul aa deeply oa Ihu 
route of the plant were likely to penetrate and projoeted 
from feet and UVk feet above tbe eurface, depending 
upon tbo plant ireeted. Tlie Ant belght wai uaed fur 
sinwberrloa. lie claimed that beneAcUl reeulta were 
noted about coeh rod fur a radius eunal to half the 
iKight. 

iirruou 111. 

ConsIllMtlHg the toU the electrolyte of a voltaic ceil 
by burying la if fioo plaice of dieekniisr metale eon- 
Hivieti by a vcnduoiur. 

Hiaia-hnew lu Huaela obtained marked results from 
plates ot different meUla burled In the ground con- 
netted by wira 

More recently, IIMO, Hnwaon and Lo Baron have uaed 
the aume melhod In greuiiboUBCM. liatea ut cupiair auil 
■lue were sunk at ii|ipiMlte ends of lettuce boda and 
gave a laiteullal difference ut OJi lolt and current of 
from 0.4 to 10 mllllamperoa. Tbe letluie thiia treated 
was ready for market a week sooner than tiuit nui 
treated. 

I'rlOBtly tried tbe method of Bpiacbnew, using plates 
of vupiier aud sine between which beaus were planted. 
Tbe plaiite treated appetirud two days eurller, devci- 
upiHl mure rapidly, and tbe uvarage slxe and weight ot 
the mat ore beans was alamt a tblrd greater. Home 
otlier iinsIMsilve experiments were IncDOcluilve. The 
current In very dniiip aull was 12 nillllaiii|ierea between 
plates ot 2UU isiuare hiebce, 4 feet siairt. 

Newiuau, however, stales that the ruiulte of a doxen 
axpurluieuU Indleatwl no effect whatever, aud that tba 
reports of others have been lu cunAnuatlun of Ibla fact 
ifrruoo IV. 

Paailng carreal from an eetemat eouroe through the 
toll betieeen elevtruicu buried therein. 

Thla method ut plant stimulation has been tbe source 
of uiuneruus cunOlctlng report^ and Ita applicability 
sneuw irtlll to be lu doubt A number of Inveatlgaton 
have touud that It Imreusee tbe rate and proportion ot 
Kcrniinntlon. 

K. II. Hook Btatw that this Is tbe only effect that ho 
waa certain was produced by carreuls of lOU mlllluin- 
|a>n'a at 30 volts. 

Kinney In 18118 and Ablfvengren In 1890, conOrmed 
hie reaults, Tbe former considered 3 volts the optimum, 
but tbe latter believed this to vary for different plauts, 
and, under different ■•uiHlltloiia,. for the eanie plant 
Ik<weulMre'i uouciualoiw alee agreed with tbe above, but 
be comUalered elan that tlie dlrerthm In which the cur 
nnt traveraeil the need waa of Importance. 

KUveeal, 1013, on the otlier band, as a ramilt of over 
1,100 pot teeta, came to the cominaion that direct cur> 
rents through the nil are without exception harmful 
both to germination and Inter growth. Bchneckmiberg, 
commenting upon this pnper, remarked that be ought to 
Imve known this feet from a knowledge of the simple 
lews of electnvcbemlatiy and endonmaala before per¬ 
forming the 1,100 experlmenta, but goee on to point out 
that KOvesal’e statement ibould reed "boiisontal direct 
currenta through the ooir and must uot be exteodsd to 
cover auy other type ot electrical treatment. KOtsmI 
does not state what atreugtb of current be employed. 

Oerlach and Erlweln, 1010, describe experiments with 
low potential direct euirent. 0 volts, 0.2 to 0.4 ampeie, 
St Bromberg, opon an arte of 014 square feet planted 
to barley and cabbagea. Tbe treatment was continu¬ 
ous night and day until harvest. No benaAdal effsot 
was obtataMd. 

Pesalss, 1010 , nslng direct current In grssnho us s 
perlmenu on tho gennlnatkm tnd rato of growth ci 
■eodlngs, such aa canllAower, eabbags, baeta, ate, ax- 
perlanotd Mlwt ontll ha lowered his curtent dmisHy 
aed adopted carbon aleetrodaa, which, mjlika amee 
nelaig, do not tenet with the eoU to tbrm deleteiioai 
Silts. Ba ohtalaed tba aiaat tavoreUe reauHa At a 
pow« ooeeiimptlao of botwMO OS And ae witt per 
eoMt foot which gavo Increaead fertility of aaod, more 


dower, tbo advantage In respect to growth was nearly 
lOU per oent. Kadlabes uarried through to a marketable 
sloe bad a mot growth 403 per cent, and a top growth 
117 per lent greater Mian Ihe control' plonta. 

Hlmilar teeta with oitematlng current were oonsM- 
ently negative again until the watta per cubit foot wwe 
reduced to u.0114 (current = (U)0l)084 ampares par 
■luam liR-h wbeu an Increased fertility ot Su per oant 
and an Increaoed growth of 82 per cent waa obUlnaiL 

Uoraey, lUJll, tried some greenhouse axperlmants, us¬ 
ing direct curreut (lA volts aud OuOOOS to 0.07 ampansb 
and 3 tn 8 volte and 0.0U)T to 0,00 ampere) and alao 
WLiyiJe allematlng current, 110 end 220 volts between 
carbon electrodes. The results were bad In both caatA 
The tonqierature of the treeted bade wae a degree higher 
than the wnlrols. 

It la evident that the Inremigatlon of this type of 
electric trealmoit has been entirely limiifflclent to lend 
to any trustworthy couclualoni. Tbe ceotroUIng ftetora 
have arari'cly been Indicated u yet 

METHOD v, 

ProduclIoH of a ellm or glov dUoharge through the 
air fruHt merhnad untennae to the aoU. 

The stliuuiatloQ of crops by a discharge of electricity 
through tho air to tba aull Beema to be the mstbod btsit 
founded npou theory and moat pratulalng In (ffacUce. 

rrof. LeinstrOin of Helelugfon llnivaralty, fflnland, 
flrnt remarked u|sin the fact that tbe extraordinarily 
rapid aud fniltful growth of such vegetathm ai 
survlvm tho froata lu Ihe Arctic and lUh-Arctte re- 
gloiM cannot bo accounted for, aa haa been auggested. 
by the lung huura of daylight It has beau proved 
beyond iloubt that there exist In tbe atmos¬ 
phere of these high latitudea mnefa stronger eurrmta 
iniwlug to tho earth than Is the cake further sunth. 
Theoe are evidenced by their InmlnMceut effeoto, inch 
iiH the aurora. A greet propoitloo of tbe vegetation, 
especially that peculiar to nortbani regions la aqulpped 
wltb polntod loaveo, etc, which are eepaclally adapted 
tu electrical discharge. Moreover, In atndylng aecthma 
o.' Ar trees, lyeinstrOm fouad a periodicity lu the occn^ 
ram-e of especially large growth which to the aame oa 
that of the occurrence ut sun spots and auroraa, L e., 
every ten or eleven years. 

He miapected that tbe electrical tuAuence ployed a 
part hitherto overlooksd In the growth of vegetation 
lu other parts of tbe world. With thla In view, be triad 
to redaplIcBte tbe conditimia of tha ArcUc by producing 
a Blmllnr electrical tensivii In tlie atmosphere. He aie 
piled a positive potential from an InAnanee msehlna , of 
which the negative waa grounded, to a wira between 
suspended above the plants, producing a silent discharge 
to Ihe earth. 

I«fflatrOm extended ble reaeercbei to different fStma 
III FlnlAnd and, In later yaois, to other countries Tbe 
procedure wee teeted uuder bla anporvlahni at Durham 
College, iOiigtoiMl; In Burgundy, near Btatlau In Uer- 
niany, and at Atvadaberg. Hto book containi full dt- 
tnlle Bi to tbe extant, clrcumetAncea, and results ot all 
these ezperimenta. Aa a resnlt of bla exparience be 
concludes that the minimum Increase In yield for all 
mipa under tbe proper oondUlona ahonld be about 4S 
per cent Tor certain crops It may rise oi high os 
100 per cent Imptaremeot ocean whether the network 
be charged pooitlvely or negatively to the nil, but bettor 
reenlu were obtained In the former casA The effect 
to not apparent olona In tba quantity, hot an improve¬ 
ment of qnaUty, and a itaortanlng ot tbo period of 
growtmaomaUiMa by fiOpweept, to general. Analyses 
ore gtven to hidleata that In the case of grain tbai« to 
en Increase In the proteld content LnatrOm poliita oat 
that lock of nnlformity In cnlllvntloii, nature of soU, and 
fertUlistlon between tba expeHimtal and <!CintNl plots 
ofta toads to emmeoas ocachiirioae. The hotter culH- 
vated and feruitoed a Bald la, the lanw th^ parrentaga 
InendUw In yield doe to alecttmealtnra. 

LioiatrAm'i pncedute nltbred fron a great dl«d- 
vantaga. Hto Inananea machliit wu qplta inadaqimto 
tor, tha pMpooe, hgqea hla ovarliaad wiraa could net be 
bong mote than le'tnchaa above tbe plontl, wblch tn- 
terfered wltb econoalcel enltlvatloa M tba soil. ' 

At Oloaeester. eocpsrtmente with a saniawbat more- 
powerful maebliM, enabling tba clamtloo of tba wliw. 
to A fiit above tbe giwnd. gave teoaMs wMi varM^i 
ctnpgu fUtowa: . 

Beeta, 18 per cant laocaaat; camto, 00 par e«t in- 
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etWMei tunlM inerOaM not quntUiittToly 'iMararwL 
The boats niaed ondar risetcUentIco cava on analyda 
aboot 14 par cant mors annr tban tba control crop. 

Tbis iDcreass In sugar cootaut baa boon couartned by 
alinoit awry Inrarttgator, IrraapectlTs of wbcthar bU 
nsnlts wara faroraMa to tba proccaa In otbor ways. 

In IMM, Ntarman pertormsd aoma similar lasts wltb 
a amUl Wlmstnint macblna driren by an oil angina, 
opemtini npon 16 fiaanbonses, and upon an araa In tba 
opta amoontlng to aboot 1,000 square yards. Including 
control ploU Tbs wiraa wore strong about 10 Incbea 
abora tba plant topsb and were tnmlsbad wltb down¬ 
ward dlracted points of tlua wire fbr diaebarga points. 

Tba traatmant was applied for a period of 108 days, 
U.0 boars dally, tba flrst half of tbe time mainly by day, 
tbs last half by night Tbe results from tba alactrlOed 
plants wars as follows; 

Cucumbers, 17 per coot Increase; strawberrlea, 6-year 
plantH, aa per emt Increase; strawberrlos, l-year plants, 

80 per cant Increase, and produced more runners; broad 
beaus, IS par cant decrease, ripened 0 days sooner; 
cabbages (spring) mature 10 days sooner; celery, 2 

The cncnmbeia were all affected by a bacterial dla- 
aaie abont tbe middle of tbeir growth, and tbU made 
much greater headway on tbe non«Ieetrl6ed plauta. 
Aside from tbe tronblea wltb tbe InOuencs micbliM and 
oil engine, which ware ratbar Inadequate, the Inetalla- 
tlon required no attention except fur tbe clearing awiy 
of cobwebt and atray nbooti, etc., from tbe network. 

This work was oonUnned on a larger acale, New¬ 
man working In cunjunctbsi with 8lr Oliver Lodge. The 
letter oTerrame several of the Inherent difficnitlee of 
tbe proceM by tbe Invention of i mercury arc ractlllar 
supplying n ]UO.u0u-vult diret i current. Tlie iiew Instal¬ 
lation consisted of an oil engine end dynamo producing 
:i amperes, at 230 volts, which was transferreil by nn 
Induction coll and then rectlded. 

TbIs biglier potential nuide It possible to mlao tbe 
iiiuduoUng isitwork to 10 feet from the ground, Ibus 
|H>miltllug at easy cuUitntkm without Icaaenlng tlie 
benellHat effect of tbe currant. 

Prelluilnury ex|ierliueiils iiisiu wheat at Glouceater 
having bean very favorshle, Newman lubjected II acrei 
t» trestmeiit. The overUecd network consisted of stout 
telegraph wires mounted upon poles In rows 102 yards 
4pnrt. tlw distance between succemlve isilei being 71 
yiirds, and thin gsivsulaed wires stratctieil 12 yards 
npnrt crosswise to act m diaebarga witea. A diffareuce 
In the rate of growth was uutloeable very early, and 
at barvestlug the itniw averaged from 4 to 8 Inclies 
taller, and tbe Canadian wlKHt ripened 8 or 4 dsye 
ioanar. Tbe yields were 30 per cent better for Cana¬ 
dian wheat, and 20 per {-ent better for Bngllah. Further 
tbe electrified wheat sold for 7.6 per cant battar price 
on account of Its superior qnality. 

Draalauer, wbo has written a critics] review of tlie 
anbject np to 1010, and kept In cloee touch wltb the 
pragreee of tbe work In Uerminy, tells (inoO) of the 
leaulta obtained at Halle by KOhn, and at Ilolotaln, 
Neumark, and Wastpreumen. 

At Hallo experlmenta were made under variona con- 
illtlona of fertllliBtlon and Irrigation upon a total area 
o' abont 14 acraa basidaa tbe control arena. This field 
InaUllatlon was alao rulaed to 16^ fOet above the 
ground. The good effect upon rye wua already notice¬ 
able Id Jnne. It wse observed hero ospeclally tbst when 
tbe wind blows tbe effects of tbe treatment ere felt 
frara 10 to le feet and sometimes OO feet beyond the 
llrnKs of the field experimented uinn, and wbenever 
tbe control fields are adjacent, redncca by su miKb tbe 
apparent Improvement due to electrification. Tbis wind 
effact was tlio noted In work at Holstein. 

After the eomplatlon of these experlmanta, a year 
Inter, 1010, Prof. Kflhn, the Ctomian “Naator of agrlcnl- 
tnra," under whose Immadlata anpervlslon ibay ware 
wmAitot eA, wu not enthnataattc ^ to the resnlta. He 
■tatad tbit Uttto wu to be expeateil from tbs Bngll^ 
procednte, as tba edrantoge apparent during growth 
did not appear in tbe yield, Hla control fields of gnus 
and grain gave the better raaulti. Only fodder and 
sugar beats ware battered, tba latter Indeed having an 
IbCMoasd sugar oontant Olovar ud cabbageu gave 
imeartain nmdts. Ha conaldared that tba ooat would 
dMMDd at least a 16 par oent Ineraosa In yield. 

Braluiisr condtidei that tba InvsstlgaUeiM aJtaady 
oMda almw tbat tba procMn and appSrttas la ontlrely 
prutkmUe. Ha oatliiutso the coat of u aqulpmant lor 
etO acres as fOllowa: 

apptmtM l-.—i_IBOfijOO 

Power cuHomptbrn, 6 UlowatMioiin par day 
(at 5 ceo(g)sa esiHik tot mtmm. 160 
teyas_-_*_«■*» 

,.ig|f»iit*a|14«»»t»P»6»*-ISOM 

- 


[li-lMlnt at 2 per cciil_ 28.80 

Power . 87.60 

lAbor (1 man 2 huiini a day ) __ 47.00 

Total —_ r-2ftl.70 

Medium to poor yield from whi>at: 2/100 pumxls iier 

For 81.8 scree_ $2,380.00 

Hilrty per i«nt Increaiie---714.00 

Profit $714.(I6-$261.7«:^ $402.30. 

Ordlnniy profit fraui 01 Jl acres = $71.40. 

In a later cuutribiitiun BmilHiicr dcavrlbm tlie meas¬ 
urement of current uml power «>nauni|itlon liy typical 
■rotallatlona nt lloppegarteii. 

A movable coll ammeter of great seiiRltlvemMs was 
Inserted In tbe ground wire. The order of lungnltude 
of tbo voltage was determined by mcoanrlng the length 
of Rfsirk In the oir, It being known tliut between balli of 
26 mlllluielers diameter It rniulreo about 3,4aiO volts per 
millimeter to protlmw a opark. 

In dry, and not extremely hot weather, with an eaol 
wind, tbe voltage averaging aboot 06/KlO voile, be eatl- 
matea that, allowing for a certain Inequality of distri¬ 
bution, tbe current for every 10 sqnuro fuel In about 
0.43X10--* mllllamperai. 

Hence tbe energy consumption Is nbuat U.20.1U-* am¬ 
peres X (in,(100 volts =; 17 watts = 0.28.10—' watts per 
10 wiusre feet 

This Is from 1,000 to 10,000 times tbe truuafer of elec¬ 
tric enorg}' occurring imrnnilly (luting a year, ns eatl- 
uinled by KRhIer. 

(lerlacb and Krlwelu give an account of agricultural 
experiments upon tlie Kslimr Wllhelin liiHtltiite of Agrl- 
sullun Gxperlineubil Groiinds nt Moi-beln for which tlie 
equipment wits suppllcil by tlie firm of HIpjiiciis A 
Ilalake. 

The electrlcHl trcntuieiila Included high Imisloii static 
electricity, making the net pooltlvc In miiiie cnHce, aiul 
negative In olhem, uiid high tcmrioii, singic-pliase niter- 
uallug current 

Tbe uctwork constated of a heavy galvnalsed wire 
aiipisirtcd on well Insulated poles around the ootslde of 
the field, end siispcuded from this, across tbe field, tbiu 
galvanised Iron wires at n height of 20 feet. 

The electrical (Hpiipiucnt c-ouslMtml of a 4 boiwc-powcr 
uIcoIhiI motor belted to a direct-current dynamo, and n 
transformer, Tbe two Influence mnclilnes were nm by 
dlrect-(4irreat moton. 

Tlie ex|ierliiientll plota comprised nn nrcti of 800 
square yiinbi besides ooiitrul plots of mie-balf Uila urea 
located at n distance of 330 feel. Tlie plula were 
treated with various kinds of fertiliser, some were Irrl- 
gnled end others not 

Tlie alleriintlng-cnrrcntsnteniuenversged a voltage of 
about 20,000, tbe static auteniue .'10,000 volta. Tbe power 
consumption for the former wns iiliout 770 volt-niniiereH, 
for the Istter sbont .*10 wnttR Tlie Irrndlilloii wua be¬ 
gun after planting, and continued 46 days cimtliiiioiisly 
day and night. No illirereiice was npimrent helneen 
the electrified and untreated plants, though there was n 
considerable dlWerpnce between tlie watered and un- 
watered, and between tbooe differently fcrtlllxed. Meu- 
tion la nmde of the occorrenea of a drougliL Tba bar 
vest, occurring 120 days after sowing, showed prortlCQlly 
Identical yields for treated and untreutail plants, wltb 
Hligbt evidence of Injury by the alternating current. 

Ilditerniann, 1010, used a netwoi* of telephone wires 
from 0% to 8 feet above the ground and 13 feet apart, 
and obtained hla current from tbe aunnspbere by inenna 
of a steel cable 820 feel long, auppnrtcd by a balloon 
or by several kites. He estimated, having nn Instru¬ 
ment rending to only It volts, from other mn<snreraPDt^ 
thst be got a |iotentisl of about 26,000 volts. Tbis 
method gave him the best results of any. Increasing tbe 
yield on various crops from 16 to 40 per cent Ho 
found that tbe atmospheric potential gradient varied 
wltb the aBOBon, tbo time of day, tbo temperature, and 
tbe weather, reaching maiimB from llecember to Keb- 
rnary, abortly after annriBe and Jnst before and during 
dnali, at lew tsmperotnrea, and during fug, snow, ball 
or rain, and especially during tbundaratorina. 

Tba conditions under which treatment Is applied are 
bnpnrtant, It bainf very (waeDttal that there ahouhl be 
nwlitnra la tba air aa Imdlntton during dry and annny 
waetbsr often reaulta InJarionaly to the plonta. The 
meat favonible tbuee for treatment correspond with 
Iboen of moxlnram potential gradient, I. e., very early 
mernlnf and avenlng, aUpecUily dnrtng a fog. He points 
out tbut tlM ellmats of England In especially adapted, 
end sbonld gtva good rasulta, sspcctnily ai the treatment 
•Man to e ea t paa ita la part for lack (rf amwblne. 

Bxelnaloa at tba Infinaoce of itmoapberle daetrlelty 
redaeed tbe yield aatrly 16 per emit 

HIMwauna. elao uatiig high potential pnloitlng dlreet 
eunmit from a dynuao macblna and tfumtonner ftnmd 
tbat coffnM tmtaint was of Uttlm or Injorloa 
effbet, bit elidawd $MN awd«ati awlkaltge laonaiad 


(be yield In aoma cases gs much as 26 per cent 
MtHhl, 1011, claims be was able, using eledricnl sllmu- 
lulloD, to bring a crop of corn to maturity ofttw tbs 
winter wheat was reaped on July 20th. He used a 
illruel-cnrreiit potential of about 200,000 volts (dOO 
cycles) stepiied up from n U0-cycle, llO-volt Him and 
re<-tlUed mechaninilly. Tbe wires were mounted 8 feet 
from tbe ground, and 2 to 3 feet apart. Tbo treatment 
wan applied to 1 acre momiug aial evening, and tbe 
cbs'lrlc bills averaged $2 to $:i per uioulh. A variety 
uf vegetnblee were treated. All matured much nwra 
quickly and realstod drought better. Unly qualltuttve 
results aru given. 

Qlocde used tbe treatment In growing flowers ana 
round gn-utly Increased vigor ue well os resistance to 
liunuful fungi. In a ainall outdoor plot 20 feet wiuare 
lu) rlis-iicd 302 uiusknielonH from seed In lees tban 0 
weeks, and the fruit was notlceobly sweeter tban uanal. 

An Installation near l*rngue, dKSigned by Ureslauur, 
operated upon on area of 80 acres by means of a net¬ 
work of Iron wire supported by inrcelaln Insulators 
iipiiu wiMiUeu iwles at lulervals of 328 feet apart, across 
n hlcli was stretched a network of 0.008-liich wire at a 
height uf 13 feet above tbo ground. Direct current at 
120 volta, 2 amperea, was supplied by uieans of a mer¬ 
cury Inlerrupter, a transfoniicr, pnsluclng 100,000 volts, 
and a rectifler. The network waa always made positive, 
and the treatment applied only a few boura eacb day, 
being always discoDtlniied In case of rnlii, which canaad 
leakage, and of great heat, under which latter condl- 
llou the current le Injurious. In spite of an unusually 
dry season yields lu some cases ilouble tlul of tba cun- 
trol plots were claimed. Deliills ae to sort of crop and 
actual yields arc not given. 

Hasty, cxperluientlng on ii roglnumtnl garden In 
Krnnce claimed good results. 

Horsey applied to small greenhouse beds for an hour 
night niid mornlug, dally, nlleruatlng current of 200,000 
cycles frequency, at lO.lkii volta froia n Twin machliip 
and tninsfonncr, conRunilng nlioiit 1.10 waits, lie used 
u network of O.Ol-IncIt wire nt n lu-lght of 16 luebes 
nistve tbe bciL He found by weighing ret)res(mlatlvc 
plniils a marked gain uiuounllng lu 76 (icr cent fur let¬ 
tuce. This nicihod gave better reaultt than llhnninallon 
or earib currents. 

lie next applied a slleut dlscbarge by mcana of a net¬ 
work of 0.08-lncb cop|>cr wire, I) feet above tbe groimd, 
l."» feet apart on Insulntors dewigned tor 00,000 volts, tn 
over an acre of garden, using 10,0(K» to 20,000 volta at 
30,000 i>ycleR for b boura dally for 2 imatibs and 0u,(a)0 
volts for 1 month. Interruption of service makes llie 
results only qualitative In value. Almost all of Hie 
Irradiated plantit Including ndlsbea, lettuce, lieets, cab¬ 
bages, encambers, turnips, melons, tomatn(» nod pars¬ 
nips, gave a better growth than on tbe untreated acre. 
Beans and peBi were affected slightly, but all the other 
plants matured at laosl 2 wceka earlier than tbe control 
lilanta. Tobacco showed a 20 per cent gain. 

I’cRslee, 1013, applied 100,000 volta fnan a Wliiiahurst 
luncbine on wires 10 Inches from the soil to seedlings, 
wltb resnlte which he dsserlbes as illsastrona, at flrst 
lAlcr, by applying tbe voltage only nt night end on 
eluiiily days be Inereaeod the growth of strawberries 
27 per cent, amt beetroots 14 per rent tope 39 per cent 
He could not establish any optimum voltage. He found* 
that tbe else of the wires mnile no difference. Ollmatlc 
varlntkiiM appeared to hove rnnslderable effect. , 
I’rellmlnary tisds wltb a Tesla coll gave qnniltatively 
similar resnlte. 

COMCl.USlOg. 

The linpresaluii galnml from tbe literature of electro- 
culture Is that the Inal word Is by no means said. Froni 
the nature of tlm piihllcatlona It would ap|s>ar that tlie 
Individual Inveetlgnthine have been tin mrenry. There 
bna bc<>n too little systematic variation of coudltiana, 
and especially of the elecrtiical conditions. It seems 
highly desirable tbat a moch more extensive Investiga¬ 
tion, providing the poaalblllty of trying different Inten- 
eltlw of alectrlflcntlon under varions conditions of nil- 
llvetion, IrrlgaUitii, etc., all daring the same eeason, 
should be carried onL It Is Blgnlflcant tbat tbe only 
Investigator to attempt an extended examination of the 
Held waa able to locate and eliminate many faults In 
hie method, and tbui obtain good reaolti In the end tn 
almost erery case, often reversing hla previous experi¬ 
ence. If l,ematrllm, working with big very Imperfed 
equipment and limited resonrees, could attain ao much 
succew, greater development still ebonld he possible 
with the more adaptable apperatne now aTolleble. 

The thenriee aa to tbe actnal meebantsm of the ictlon 
of the electric dlscbarge upon plant*, Isvolre questions 
of pbyslologlcal and botanical c b e m l e tr y whoea answers 
era etill too imeertaln to make tbeir eoaalderatloa here 
of profit LiiMtrtfan, Priestly, BMurd, and Peeelee dle- 
enm the eabjeet briefly, and rete r encee to point* more 
or lg« MtaM to It glvuQ In the htblloiniiiliy ep> 
t$ tWu Brtleta. 
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Buying a Second-Hand Automobile 

Defects That Are Apt to Exist and Suggestions for Examination Before Purchasing 

By Victor W. Pag^, M.S.A.E. 


Wm on* oouidm tlu macnltode of tha Mtomobflt 
Indwtry and tlw la(|e ni>mb«r of motor oan that have 
bean ma n nfa e t af ad, It la evident that many them 
tcUbIm muat have ehaoiad handa a number of timea 
alnaa they were deUvered to the flnt pnmhaaor. Them 
ia a laiie tialle in naad automofaUeo and many enellent 
haiialiia may be obtained If, brfbm a ear la purabaaed, 
eartain pneantlona are obaervod in regaid to inapeetion 

are hidden from ai^t. Negleotiiic dwae and aeeeptinx 
tba atatameaU made by thoae tiyliig to dlapuae cd the 
oar miardinc the oondithm (d the parte meaua that one 
la inat aa vt to aeeure a worthlem maohine aa one that 
win be value for the aum eapended. 

Aa all maehinMy depneiatea In eerviee, any uaed oar 
wm have won parU that muat be rmtored to obtain 
the fall effleloiioy. The amount of deterioration la not 
raculated by the oorvioe the oar haa alvim, but lantely 
by the amount of core that hoa boon expended in iU 
malntenanoo. A maohine oi)erated for aevend montiia 
by a eamleea driver may ahow nmm wear than non uaod 
tat tiitea or lour timea that period by a eareful operator. 
Ono eannot judge the value of the oar entirely by iU 
appaar a nee ae it ia muoh oheaper to give iho body and 
gear a ooat uf paint and vamiah and to daub the motor 
with enamel and aluminum paint than it is to give a 
maohine a good raeehanioal overhaotiiig. 

The average petion la uaually anipleioua whan offorod 
a aeeond-hutd oar, aa, in the majority of oaaee, the mar 
ehlne ia an nnknown quantity. Thia la eepeelaUy truo 
if the oar haa been abuaod and meroly toned up and 
“&pad” to make a quiok ealo. After the oar haa been 
in uae for a very abort time, the now owner will begin 
to experienoe annoying traubloe, eaino at whioh may bo 
of a aetloua natum, naanaaltating exponrive ropain, and 
naturally the one paying for them may eoon expend 
money enough ao that thia added to the initial invect* 
ment would have punhaeed a new ear. The dlaap* 
pointed would-be motoriri aonunee that motor eati are 
not yet piaotioal, and dooa not bealtate to proolaim thia 
fact loudly to ail who will Uaten to hia tale, and one auoh 
man in a oommunity, eapooUly it he ii popular and 
reapeoted, ean matatMly biihwnoe many otho' ptobabU 
purahaaen uf ean. If the ear had proved aoooeaaful. he 
would have been an enthnxiait inateail of a iwaalmiat 
and a diatinnt help to d eai e n in hla neighburhood. Many 
reputable deaien rooogniie thia fact, and overhaul all 
eeoond-haiid maehlnei they offer for aale In a thorough 
maimiw to make ton that the meehaniam ia in good work¬ 
ing eondition, and they will not aell any maobino they 
lake in trade unlem aatUOed that the oar will gi vu aorvioo 
proportionate to the inveeUnont made by the buyer. 

Unfortunately, there are a number of dealora who do 
not bealtate to pidm oil any oar they may have on hand 
without malriny any tepaln of a permanent nature. 
Theao gentry alao an prone to mako mldeadlng etate- 
nmitB legvdlng the date of manufaetiire, power and 
eondition. Ai th^ leU on a oommlation they e. nnot 
afford to make repain, but ae false itatemunts are ohe n 
plenty of elaimi an made that will not be mpportod by 
tile p^onnanoe of the maohine. 

A roeltid of tome of the trieki of the trade may be of 
aatixtanee to the man intending to buy a used oar, and 
ai leaat will iwe to make olear why a thorourii In- 
ipeetion is advkable to make luro that expensive lepaln 
an net net^ A eapable demonstrator may be able 
to take eut a deonpit antique, and by earefnl manipula¬ 
tion of the spark and gas leven, aUpping the etutoh to 
let the pngine speed on hills, avoiding the worn gear 
rotioe in the gieirbox and avoiding-had roads or hiUs, 
give a deaumsttatidn of a ear’s sbllHy that will prove 
satWaetuy to an unmeehaideBl purohanr, and may sell 
the ear for mneh more thairit ia worth. 

' Tlw writes knows of a number of esses where nan have 
been sold aHpc a tunliig up that fUUed befon the pui^ 
ritaaer hafd »n the ear a week. One motor in parUoular 
that ha waa eaSad open to inapeot ehowed bow un- 
eemiMdeas dealt may "doetor" up a worn engine to a 
rotWhetory deneaetiutiBn ean be made. Ae the opera¬ 
tion of t^ etigiw fat qncetkm aeon beeame lUMatUUntory, 
in ffaet, mily 'a lew daye alter the prond punhaser bad 
driven the «nr heme fhna the metroiwIlB where he had 
ImwIiiMed It. It wu dkooMItied tor tnapwttoa. When 
dto eyibdt ware nttovnd It viM aeen that two iff tbeae 
had baen badly eaarad by nuntog tin ptetane at aome 
time orntit wfifapnt lidiMVtato InbrioaUen. In order 
to eHWipott tor tha tori aomtireerien, dua to the 
h nMM) B>*to about X Ineb tUefa bad been 
fto^tladatinMih tMt TOUag Ig Ite 


Badly worn pueh rod guidro had been bushed by wrapping 
a strip of shim stock around the valve plunger to lake 
np lost motion at that point. The main hearings and 
eonneotlng rod lower ends had been bushed in a chnilar 
manner. In addition to this, the englns had been oUed 
by a very thick cylinder oil, the purpoio probably being 
to have thli miihion the ehock due to loam beulngi. 
The fly-wheel wae looee on its key, but thia had been 
temponrily held tight by putting In more of the shim 
atook at the lidro of the ki^. 

The t rm sa ii s sio n lyetem was but little better. After 
removing a thiek grease, ImfKeguatod with what appeared 
to be wood flhen, from the geariel, it waa seen that the 
intermediate and slow speed gears were so badly worn 
and burred that new onea had to be obtained. In addi¬ 
tion to this, the badly warn none olnteh faolng had been 
made to bold by driving in robber brads between the 
oono and friotion material at all points between the 
rivets where the leathw could be pried up tor their in¬ 
sertion. The boll bearings In the gear-box were badly 
worn; in fast, those supporting the countur-shaft, whirh 
was placed under the mainshaft, wen so UUeil with wihxI 
partioles that the balls were tightly wedgml In the 
sepsrators and jnst slid around between tlie hearing 
raoos. In demonstrating, the driver had avoided iiHing 
the goon as much sa poadblo, doing all of his driving 
on the direot drive or high speed which did nut call for 
niiation of any gears except the eonslant moth members, 
whleh seldom wear enough to eause noise booauso they 
are not clashed Into engagement sc the shitting members 
are. 

Every point about the ear rsquired adjustment, 
and at every vrom bearing point mote of the shim 
stock bushing was found. After the oar had been fixed 
up oa it should bo, the eoat of repairs snw about half 
the total inveatmeol In the ear. A new model uf the 
same moke oould have been purohosed tor lero than the 
flnal eoat after repairs wwe oumpisted. 

ThsRi are still tome derim who would l>e dishonnst 
enough to take advonUge of every means to dispose of a 
ear, m a few hints in regard to tho points that can bo 
examined with profit may be of vriue to future motorists 
oontomplating the acquisition of a used oar. There are 
many exeeptionri bargains offered in used ears whioh 
an really desirable. For Instanae, there is that olsss 
of ownurs who must always have tho latcet model, even 
though the oar they purchased the year before ic still 
in perfoet eondition. Thero ears. If well-known sUniUrd 
makes, require preetinaUy w> attention to restore tiirm 
to a satiffaotoiy operating eondition. Bneli oars are of 
speoiri vriue to the mao who wishes a good ear but who 
does not feel able to pay the pries a new model of this 
Mod wonld cost. Many ears of this nature are sent 
to the faotory nr overhauled by fMtory exports and are 
nld with the same guarantee that is given with a new oar. 
Such a oar is always a good buy, but as they are mure 
costly than thoae that appear to be equally good offered 
by brokers and oommlsrion men at a tower prioe, many 
prefer to take a ehanne in securing what they think is a 
bargain. 

As a guido to the non-menhanical purohaser, the 
writer has prepared the aeoompanying illnstrativn whlnii 
raprssenli a plan view of a standard ohoseis, with all 
polnti to be mentioned that need inspeotion olisuiy 
Indieated, WbUe motor oar designs vary, this ono is 
sufiletontly reprnanntative of oonventionri design to servo 
ee a abort for systematie inspeotion of the contemplated 
purehase. If the ear is offered at a very tow price, one 
may be sure that tiien is some defeetiw eondition that 
makes It deriribto for the owner or his sgent to unload. 
Aa a rule, the seoond-hand derien will not permit a l>uyer 
to moke a thorough inspeotion of oars they handle if 
thew ore not in flrst-idase shape. If pennis^n to look 
over the ear la denied, the would-be purcbaiwr may ae- 
oepl thia ns positive ovldenoe that there is some defeetive 
part it ia deslrabto to eonocri and should took olsewhmi. 

Buying a setond-haod ear involves an expenditure of 
soverri hundred doQan, to any the toast, m a purchaser 
■houM fori that he haa the riri>t to thoroughly inspent 
any ear offered for mle. In foot, it is doeirabto to pay a 
■Idltod, boneel meehanle to make the examination if tlie 
buyer does not poaiess the n eoro sary tonhntori skill nr 
knowiedgo ef motor ear eonstrooUnn. 

The flnt poiitt to nerive attention ia the power plant 
and iU auxOiary systena, aa thb ia the moet fanpo^ni 
unit in tiio ear and tha moet eostly b> repair if diffivtivi-. 
The nmeunt of eempcemtou in Uic cyilnilarH n'ny Ih< 
aeoepted aa a tough and ready trot fix eagliie eondition. 
TwBonr tha anatahaft slowly vlth'tha itartliig.<mnk. 


testing one oylinder at a time by opening the eompremion 
relief ooeks or rotnoving spark-plugs from all eoiaept the 
oylinder to bo tasted. If the piston does not eneounler 
a positive redstanoc to upward motion, this is an indica¬ 
tion that the engine is not in the beet of eondition. I'he 
valves may need regrinding, which is not a serious fault, 
or the valve beads may be loored, pitted or warped, a 
mote expensive eondition to remedy. The oylinder may 
be scored, the piston rings broken or stuck or the cylinder 
horn worn out of ronnd. Hock tho fly-wlinol slowly back 
and forth if that member is oxposod, to nolo if there is 
any looseness in the eonnooting rod bushings, which will 
manifmt itself by a knooldng sound. The skilled me- 
chanio nan dohiot looseness at those points merely by the 
“fool" at the starting ennk. If possible, remove either 
the oylinder head casting or the bottom plate of the enok- 
case, prnferably both, to examine the engine interior. 
The oouiieoting rods may be lifted by the hand to detect 
looseness after the bottom plate is removed and the 
erankshatt may bo tried for looseness of main hearing 
by placing a jack under Ihn crank webs and lifting on the 
hanille. Depreeiatiun will he indicated by a slight 
vertical movement of tho shaft. Test the valve operat¬ 
ing system fur wear by noting the amonnt of lost motion 
belwemi the vrive lift plungon and plunger guides, and 
in the rocker arms as well if overhead vriveaaro employed. 
1s>st motion at these points may mean a noisy motor. 

A gnod iihia of tho care the car has norived may be 
obtained by examining the engine for tnperfleial defeots 
such as scan, rust or ROTatohea on the parts. Tho wiring, 
spark-phiga and mngneto should be examined oantnlly. 
The wiring should be In gnod ooDdltlon, with tho insula¬ 
tion free from creeks rad oil deposits. Ben if the magneto 
aud earhurotor are of modem or obsolete design as this 
will give some indioatioD of the age of the oar as will the 
g»nerel ongino disiign. Wear at tho various small 
joints of the (sintrol lovers will indicate the service tho 
ear has given In many instanoee. Examine tho eaiburiv- 
tor and note if them Is any leakage of fuel from the float 
I'liamlmr which means a defoot in that mcnibcr. Look 
oviv all the nuts and bolthoods, tods and pipe and notice 
if the surfaces are marred or edges ohlptml sa by a cold 
ohisol or pipe wrench. If these are bruised it indtoates 
that the car has boon poorly looked alter, as nothing 
indicateo the careliws moohanio more than bolts or nuto 
that havo born tiinicd by a chiari and hammer or a 
Btilson wrench instead of a properly fitted spanner. 
Patches on the water jacket sliow that these have been 
nilod with icti at some time, aiuitbor indication of oare- 
lesstinM. Note also if parts are held togetlicr by proper 
fastoniugs or if they am julnisl hy pieens of wire, aa wliea 
indioato temporary repairs and lack of thorougimest. 
Esamluo the water connoetions, pump and ndlator for 
leaks, as these also indioato inmlequuto attention. Teat 
tiic fan bearings tor looscDoes anil look at the fan boll, 
and if it is nil soaked, oraokisl ami loose, it is further 
proof of lack of attention on the i>art of tlH> former owner 
If examination satisBcs Um iiuis-ctor tliat lliu engine 
is not in Iwd onndition, have it slarhsl and mile the 
regularity of running. It llio ciqpnc will not slow ilown 
it shows lliat the niixtiini is dofcelivc, tliis usually being 
duo to air leakage caused by detennret um of tlio inlet 
vrive stem guidre in the ^•ylin(lcrs, winch eonditiuii in- 
dioatea tong and hanl service. Note iiarUcularly if I lie 
engine runs quietly. Knocking sounds are usually din- 
to one uf three eniiditunis, rarlnin dcposibi in the eoiii- 
hustion ehamlicT, im-ehann-al di-pnsiiutiiin at In-aring 
pointH and overheating dm- lo di-fis-live (sniliiig or hiliri- 
calion. If the ilemonslralor eluiins the Innihle is din- 
only to narhon deposits, suggest that he rxniove llieM-, 
wliieli IS not an expensive pili, ami enll agnin InU-r to 
Ivurn if the kiuiekiiig W vaiiiHlnsI with the earlsm. If 
the radiator sUsinis after tin- eiigiiie lias Iss-ii run Inil 
a short time, it slniws ilcfis-ls in I lie iHsiliiig sysu-ni or 
faulty luliricalion. if the exiiaiisl gits is full of aliili- 
or grayisli smoko it sliows Ihut the iiileriml engine imrls 
the pistons, rings nr eylinilers- liute worn siinien-iill.i 
to ritow tho oil to inws Ihnnigli Ihe eirgiin- If lln- < \. 
haiist gas is full of black smnke. tins slmus an ev<-<.s.siM<|y 
rich mixture. A worn engine will ofleii niii wiili » neh 
mixture when It will misHre with mn- of |)n>|H-r pnipor- 
Imiis. Hqueaks itonoto dry isviring siirrms-s, raltJiii'; 
shows wear in valve o|s>ra(iHg iiiis-hiiinsiii. gniidiiig in¬ 
dicates worn timing guars, liissiug denoU-- iHimpressioii 
leaks, whistling soimds Inaky packings in ernnkemu . 
while a sharp hiss or liluwing soninl shows ■-slian-.t gii-- 
leakagu at some puiiil. Irregnlur i>|M'n>tn>ii nr ini- 
llriug usually shows faiillt lu-lniii of lln- igiiitn.ii i.v.slcm 
Next in order to tho power plant ^•oml■n tho uiutoh 
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nnd Ki«r-liux. Tlir niiuUlliin of thii ululnh ■«ii !■« l) 0 «t 
(IpU'rniiiuNt when thu or in di^iiiwlrmti>d. If th* iiDKliie 
moKfl anil l.liu or failx to moVA l•<)mw|lull(li^Kly fut, 
il inoiia alippinK; if the or Htarte witli a jerk, it ehow* 
barah olutcU aetuin due to a ■■harred or HtilT elutch lother 
on a cone, or burred and wniruil plate HurfaenM if the elutoh 
IK a multiple dmk type. If there ii any liiflloulty in ehWt- 
injt geaw promptly, the eluteh prubahly diiCK not releaw 
eomplololy, Ihle indiotinK defiH'le in eiutch Kprinff 
thrust Ix-arinir or drag luawoeii the eluteh mi-mben at 
some iwint. Take the cover off the Kcar-hox and see 
wliat kind of gnwu is uii'd for uiliiig. If the Rreaau is 
fidl of Kranulaled iurk or wood ftWrs, il is reosoiuthlo to 
asaurni’ that the ironng is badly worn when recourte 
IB had to siieli a nostrum to serure quiet operation. Kx- 
uniiiie the nlges of l.he gi-ar teeth, espeeially those of the 
inUirmediate speed memliim oiefully to siS' if lliey are 
luully humsl or worn. The condition of the mter- 
iiuslutte gear tenth is a k<mkI indiealuin of the amount 
of service a car has given or the skill of the fomiiT opera¬ 
tors as this s|ieisl ratio is the one most widely used. 
(Inuip the main shaft flriiily and try to move it up and 
down. Any vertiiml inoveinenl indieutm wiar of the Imar^ 
iiigs. Do the same with the oounterahaft. If there is 
iiiiieli movement, it nul ouly meaus that the gearing will 
Ihi noisy in action hut that diflleully may lie uxperieimod 
in shifting gears. It also imlinales that new liearings 
are needed, which nuaiis luinsiiliTahlo I'xpense If tluwe 
are of the anit-friction typo. Kxamine also the amount 
of wear between the shiriiug forka and the sliding mem- 
Imts on the main shirft. This will not bo serious unless 
the ear has been used for a long time. 

If the ehange spivd gearing is of the friction disk type, 
hsik for wear on the llher wheel as well as on the driving 
disk. If Iho msT is “broomed" over the txlgos or if the 
disk is liadly grooved, il means slipping and failure to 
drive iNHiitlvely. If the gearing Is a planetary type, 
nxaminn the linings of the liands. If these on worn and 
the drums gnsived it is a gissl indication that the gisinug 
has lieen In use for a lung time. A worn planetary gear 
is also very noisy when the engine is running idly or in 
low spisNl ratio. 

The usual inethisl of power iransmlsskm from the gear- 
liux to the axle drive geaas is liy shaft and one or two 
universal joints. Wew at the universal joints can be 
detected by grasping llie shaft Qrinly and trying to oscil¬ 
late II. If tide cluuu ilrive is used on a pleasurti car the 
model la at least four years old. Chains aro Uwtod by 
bending the slack portiuu sideways to see if the joints 
are worn. Tim spns-keU should bo examiiusl to see it 
the teeth are worn hook-shape as this imlicatcs extensive 
use. If the drive is by live axle, jack up that memlier 
and kat for looseiuws in the drive geanng by turning the 
wheels slowly, both at the same lime and in the same 
dlreetlun. Lost motion betwei'n the wheel hubs and 
dnving shafts, at the gear U«lh or universal joints may 
bo eoinly noUsl. Turn only one of the wheels, if the other 
turns of ilulf in a reverse direct on or stands still, the 
differential gear Is functioning properly. If the differen¬ 
tial gearing does nut work the wheels will turn in the same 
direction and it will be difflmilt to retard the motion of 
either without oonsiderable effort. While the axle is 
jacked up. It is possible to test the elHcienry of the brakes, 
both extnnud and Internal. Kirst pull on the emergenay 
brake lever and try to turn the wheds by grasjiing the 
spokes near the nm. Thu wheels should he absolutely 
Imniiivablo if tlic brake is holding properly. Itelcose the 
emergency Ijandle and have Mime one hold the service 
brake ptslal engaged and n<|M<at the k«t. Ilemovo the 
cover from llm diffiTeiitial housing and examine the bevel 
gear Uvlh, esiieciBlIy those on llie drive pill in which 
wisir faslesl. If any piisieH am broken oil of the teeth 
or the surfaces flakisl or rough, new driving gears will 
be nixMissary. Also Uwt the differential supisirling ls«r- 
ings by lifting up on the differential case with a pinchliar. 

In addition U> the points cnunietaled, there are niinivr- 
ous things to iiwpurt about the ohossis. Try the steering 
gear for back lash at the reduction gears, which is evi¬ 
denced by the dcgivc of hist motion at llie steering wheel. 
Isiok over the joints at the drag link or tlo bar fur loosn- 
m'ss. This can bisit be determined by jaaldng up tho 
fnml end of the car. Test the steering knuckles for 
wisu- between them and the king hulls; also nuliixi the 
amount of shake in the whools. If wheel bearings are 
ill good condition, the wheels will turn easily and wlU 
have no shake. A liadly worn starting handle bearing 
or worn ratchet Usith on elutoh Indicatce tho amount 
of service the car haa reeeivod. Tho rear wheels must 
also he (fieted for Isaring looseness. The mlseellaneous 
liraka n»d Isarings. oontrol lovers, torque membera. 
spril^ shaoUes, spring oUpa and other siinllar parts may 
III' tested fur IisMcness as gnat dcfotsdaUon at theoe 
points show that the car has been used for some lime. 

The ennilitiiin of tho tires, point, upholstery and ao- 
■•■'sHirlcs i^ust also be taken into consideration, (tasings 
willi Idow-oul sleeves laced on or with patches ocmenUxl 
141 their surface are apt to blow out at any tinu>, as are 
thiisi' willi ilis'ii gaslu-s or bruises or with cxpnsnl fuhne. 
If s|iaru casings are inuludod in the equipment and are 


nloely eneaaed, do not have any oompunotfens in remov¬ 
ing the ease to make sure the casing is a good one. An 
old, womuul shoe flili out a tin case aa well m a good 
one. If the paint and upholstoy is in good oondition, 
It may be taken at an indication that the oar baa te- 
eeived intelligent care if the appearance of the m^ 
ohaniam points to tho same ooncluskm. 

Having carefully examined the oar, you are rimdy for 
a demnnst ration. Hoe that there is no great dlfieulty 
in starting tho motor and that it does not vibrate unduly 
or inaki' much nobio. before going out, insist on having 
the full number of passengen the oar is supposed to 
carry. Occupy a seat convenient to the driver lo you 
can watch the way the ear ie controlled. Oboerve the 
action Ilf the elutoh, eee if the oar will start smoothly, 
without jar or noiM< and if the gears thlft promptly and 
withuut noise. Note the case oontrol, the aooelorating 
qualities of the motor when tho throttle Is moved and 
where It Is necessary to sot the spark lever. If the spark 
Is not advanced much. It means that the driver must 
nurse the oar along. Note if the ear Is easy riding on 
rough (lavement, not only on imootb roads, and also 
if il rattles or squeaks when operated at modmte speed 
over rough highway surfaBes. Pick out your own route 
for a demunstration, taldttg a variety of roads, some 
rough, some well paved. Be sure to try the hlU cUmbing 
ability of the oar and note closely the gear ratio required 
to surmount gradlcnla If the hill la moderately steep 
and tho car takes it on the h%h or intermediate iiieedi, 
you may be assured it will have -pomet enough for your 
neuds. Have a domonstration of at leaet GO miles. Any 
old car will run around a oily bkiok a few times without 
trouble. Have the gasoline tank lllled before starting 
on the demonstration, and on returning see how much 
will bo needed to rellll the tank. This will give some idea 
of tho fuol consumption of tho motor. 

The more expensivo the oar, tho more thorough the 
inspection of ports and demonstration should he. Do hot 
buy a big oar beoauso it is eheap and appears to bo a lot 
for tho money. A while elophant would bo vx|s<nsive 
to the average man at a coot of one dollar. Do not 
buy tome milUunatni’s diaearded plaything unless you 
have enough to maintain il, In which case you will not 
need to buy a seoond-hand ear. If you purohase from a 
dealer, be miro ho la reaponalble; If from a private 
owner, bo sure ho la a bona-fide and not merely a ooro- 
misston man posing os such. Check his claim wllh tho 
State registration figures. It tho demonstration is 
satisfactory, but sovetal odjustmonts or some n>|iaire 
ore neceseary before the oar is in proper oondition, 
stipulate that all of theao shall bo made More delivery 
Ilf the car, and do not pay for it until satisfied that the 
alterations have been mode. Take yoiur lime in the 
selection of a car; examine sevoral, weigh their rolativo 
advantages and sultabiUty tot your use, and if possible 
patronlxe some responathlo doalor, and yonr purohase 
wUl bo entiroly lallsfactury. 

Tho oquitahlfl oharge for looonil-hand can depondi 
entirely u|»n tho {xipularily of the make In question. 
Evon tho moat popular oar will deproolate in value about 
30 pv coni the first year on an average. The two-year 
old car will have depreciatod GO per oent in that po^, 
a thns>-yiw old model should he available at about 40 
per cent of its cost when new. After that point a certain 
rmik-lMillam valito is renohed which does mil change 
much us long as the oar romains sorviiitwbk'. 

An Inventon’ Built 

By Oar BerUn Corrcapondcat 

Tiis World Is Ittileiitcil for tho grantor pnrt of Its 
tiiHlcrlsI (iriisiiorlty to InToiitorn, that Is, a class of 
IKSIJIIH who. so far from enjoying universal esteem, are 
n, tiler treated as Haelsty's step-obUdreii. While In- 
veutiirs have dmie so much for the worliL iirartkally 
niilhiDK liss been done for them. How Inslgnlflcant la, 
111 fact, the slight service leuderod by Patent Offleea, u 
comisired with the Inventor's whole-hearted devotion I 
Ainrt from tho fact that the frcquslti^'inadnqiiata 
(iioteotlon must bo purchased by pecuniary sacrlllcea 
whkli the average Inventor only too nflen la unable to 
afford, a patent unfurtunatoly oonveys no guarantee at 
suceem OtBdal records go’to ahuw that only ■ aniaU 
fraction of all the Inventions approved by the Patent 
nnice actually find their way Into Industry, while even 
of theee only s tew achieve anything like real sneoeaa. 
Though among tboae nipped In the bnd there are many 
Inventions of a perfectly naetexn deKription, otbern 
douhlless deserved a lietter lot. and their dlaappearanee 
mcaiiM not only the dellulte end of hope to the hoplMa 
biveutnr, hut Jhe Ions of considerable, may be InwU- 
msble. values In hnnianlty. 

While Ibe Htate iqiciKis s great pait of Ita tmdfet In 
the inirely negative endeavor to protect the naUanal 
sresllli ngaliiHt iniknIIiIp alierks rrom ontsldf, It lo tar 
m>glecls another task of a more pooltlve chgraeter, vli., 
l•r(lm•ltlllg the inveBtoiW work and thiia directly tn- 
cn'naliig Ibe wealth of the natioa Wherean pnletleally 
all profeationa find credit wtth aomo hMfc gr 


thdr prodnoe netckoiidlae, etc„ then la ao ttr no Bank¬ 
ing Mtltate gimntlag ita Inaoelal aM in lavtUon 
and onlaM theaa nooted la ehtatalng tha awd i ta n t i t e( 
private peittee, or have aome fla a md a l re ea aa of their 
own, the wey to saoeeee srlli never be apen to then. 

A Bomanlan engineer Bring In BerUn, Mr. fl. 
Botanarer, hee derlaed a echame which, U pnptfly nal- 
liril, might result In the MBetent asrisUnee ud uHBia- 
tlon of Inventors' work. According to BchnOnPi ofrin- 
loD the Oerman Empire, with a yearly expendltare of 
MjXiOtOOO marks, that la, abrat four per million of Its 
yearly budget as a maxlmam, could not only afford to 
all Its Inrentoni, In ao fhr as they really daMirre It, the 
posslbtilty of deflulie Miccesa, but at the eame time eon- 
tribute in no small degrre to tbs progrere of httiaanlty. 
This scheme comprises the foundation of an Inventors' 
bank which. In Its labontorieo, wotkidiopB and testing 
plants, would, al the Inventor's request, develop any 
invention patented In the conntry, until 111 pncUca- 
bllity or otherwise lias been brought out beyond any 
possibility of doubt, either with or wtthont the Inven¬ 
tor's Bssistouce. the latter sIleruetlTe upplylDg mostly 
til tho CBse of layman luventun. 

A negative result wonid be reported to the Inrentor 
III wrillug, with all dfltalU as to the fsetun at Issue. 
If, on the other baud, the (iractlcablUty of an Invention 
has boon bronght oul, the luventors' bank takes all 
necessary steps to tnrn It to eecount. In flermeny as 
well as abroad, to the beat of the Inventor's interests, 
by the sale of istients, granting of royalties, or the 
foundation of special compenlea. 

Of the profit derived from the Invenllnii, llie liank 
would draw for Itself 40 per rent until all Its eipetiscM 
are reimbnrsed, (iliis 8 per cent luterest prr annum: 
after which Its share In any further (iroflt would be 
20 per cent. 

Though there he every taasou to suppose that tho 
bank, with so liberal a reward for serried rendered, 
would do gust liusliiemi, there might still be some risk 
for Its shareholdcni. eepeclally during the first tew 
years, on acconiit of the great novelty of Its opemtlona. 
Ill fart, even Ibe beat of Inventions lake some time to 
BKsert themselves; and It wnnid tharefon only be Jnst 
for the Htutc to grant Imisirianl prlvUcgca to a flnan- 
cIkI Inslltnte bound to exert such a ti^Aelal Inflnence 
oil the coonomicnl development of the conntry. 

Whenever ell of Its shareholdera pay in t certain 
Slim, the Htate would have. In Its tnrn, to pay the same 
amount to thn liank, imlll a total amoniit of !nD.(IOiXiXK) 
marks has been Ihua paid by gradual InstallmeiitM 
anbject to the following eundlllomi: 

or tho yearly net profits of the Invenlnrs’ bank the 
sbiirpholders would. In the first place, as far as these 
lirollls be snlMent. receive as a dlvldeml, 10 per cent 
of the capital contributed by them. Of ihe iMlenee the 
Htate would he granted one fourth, year for year, until 
the peymenta made by the seme (280 mllUons as a 
maximum) have been refunded, plus 4H percent ysarty 
liitereet Even after being thus rdmbnrsed the Htate, 
however, wUI keep Its right of controHIng the bniliMM 
of the henk. 

What would ^ the actual coat to the Htote of Ibe 
Hums thus granted to the benkT Twelve mlllloiM ea a 
maximum per year, for abnnt sixty years. In the most 
UDbiTorable case, L e.. If Ihe Htate hIkiiiM have paid 
Ihe bank fnlly 280 mJIUonn withuut ircelvlng anything 
In retiini. Tlw Htale ronhl. In flirt, obtain tbeae sums 
b} means of a 4 per cent loan, redeemable after shout 
sixty jesrs. The advantsges to Isi exiiecled from the 
working of the hank fiir Indlvldnals and the conntry at 
large wiinld. however. In Hchnflrer's opinion, more than 
outweigh such a sacrifice of 12 mllliona a year aa a 
maximum. 

In drawing up the stahitea of the Inrenton' bank, 
care would have to be takan for Us mode of working to 
merit nullfflited confidence ou the isirt of Inventors. 
This would, among oHier things, be obtained by the fol¬ 
lowing KgnleUoiM: 

1. No employeee and membein of the bank should bs 
allowed to patent anything, directly or indlreetly, not 
even wlthlD the lint five yean of bis leering the bank. 

a. The bonk should under all dreungtanoae .work 
hand-ln-hand with the Inventor In every t hi ng peeteln- 
liig to the proDotiiig ^ his Inventkia ^ 

In order to avoid any oonfilrt of Intoresta wltb an 
luvadtor promoted by the bank, Ibe hitler abouM never 
pertldpato (financUlly or etherwlae) in an undertak¬ 
ing liable to engage In the sale or workliig of an Inven- 
tKm promoted by the bank, vnIcM the lattv share to 
the Interests of Che Inventor at the statutory rate of 90 
per cent for the bank end 80 per cent for the Invantor. 

4. The eapital end otbw nianiia of the toveatora' 
bank should bs used by the latter not to WMklng or 
snlllug toventioos, but only to devriopliig limmthms and 
Inducing otbeti (eapItaUata, bostoen msiii or todwtsfail 
meut to work or Mil the inventions prometed by toe 
isiuk to toe bed totentoa of the laveutet, to tftoien 
iwollt the Itouk bw « pMwnH* oHon erifi ptc toBL. 
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Bmt Aj^ObMTTiUiMi oTPolvli by Divlifkt 

it ■•Nrt y. I. RvMUi^ rmt Bu)*lMr IfU 

OMawrAnoH or roi.iau nr nATuoBT. 

It hH Into noopilHil br nuTojort tor a nwnber of 
jaan that U Ii poadble to oboam PolarU bj da/llcM 
thioaib the tdoaeopa white tt la otlU luvtelUa to the on- 
aldadqra^ Hm aatboda eat forth for thia paipoaa have 
not bean luad estnalvalr, how«er, beeanae rtf dimcul- 
ttaa In vtOag the atar wlthlo the Iteld, and ateo In flnd- 
Inf ^wben It ia-known to be there. The raqidred com- 
pntatlana of aalaiath and alUtnde of PoUrla are often 
InoeoTentent and aometlniea nncertaln for a buay tran- 
altman. It la believed that the prevloiia troablea will be 
overoome If the foUowlnc table la oaed and the tnbae- 


TO rui» MLAUt IT DATUQIT. 



Ajdiauth Hettliig 

Altitoda BelUiig 


Nlqr NW 


Ifiill 

9 5 or O.A 

3 0 or 9.0 



i:s- 



{•S' 

a.9 or 8.0 

IS 2 ?2 


•99* 

•M' 

•37' 

a 0 or 7 0 

0 A or a a 
e.O hmn 


•ao* 

•M- 

; 18* 

•ar 

(o’^^aUprorime 

^iistow 

ta^oorraS'^tMn fly« mlnatca 



aoiHmnt of the required t^ii«e Into aldmal time, to be 
commooljr and conbdmit]; naed. 

The admirable EpbemerlH now litHtied by tlie Oeueral 
Imnd Ofltee tabulate!, for every day of tbo year, tbe 
Qreenwlrdi mean time of the opiier onlmliiatlnn of 
I’oUrte. The poHOBalim of tbeae data In the field makee 
It powible to easily umsputa the hour angle of the atar 
at any desired time of rmaervatlou by simply taklni; the 
algebraic dlffereiH-e. In hours, intnntes, und length of 
mlautea, between tho Iwwl mean time of upper culminu- 
tlou and the lornl mean time of observation. The 


The following stops 
1. Tho tabulated Oreeiiwteh mean time of upis?r cnl- 
mlnallon must bn correcteil to the eorrespomllng LifT 
on the merbllan of observation by anbtracUng from It 
the following r-orrecUoii for lotigltude ■ 

3.0 riirrectlon.' 


2. If the star wbtti observed la west of the meridian 
the corrected time tif upper culmlnstlun, for the civil 
date of oboervatloo, to subtracted from the LUT of ol^ 
aorvatlon. If the star when observed Is east of the 
meridian the LUT of the obaervatlon is subtracted fnmi 
the comvted time of upper culmliiHtlou for the civil 
(tote sueraedliig the observallua. Tlie result In either 
case to Ihn exact h<mr angle of INilarls.* 

3. Ualng the exact hour angle aa an urKumeiit, the 
ailmuth of Polaris Is derived from the table of Asl- 
inutlu of Polarla (Kpbemerto pp. 14 and 1B>. Intcrpoln 
lion being alao made for tho declination of tho star nisi 
fur latitude. 


"fwllorir*^ 


PoterlB may always be found In clear weather ai anon 
as the ann has net and very frequently for five or ten 
minutes before sunsat or after sunrlac. It to stated 
on good authority that under very favorable conditions 
the observation lias been auccesaful as late aa 10 o’clock 
A. H. IB tho nortbarn United Htates the crow wlrea 
may remain rtotble for a long time after sunset 

ror the novice It Is often dlffltnilt at the first few 
attempts to aee Polarla while the sky to still bright but 
after once having found the star, which ans«ra as a 
amall white dot In tho field, bo will never thereafter 
feel In doubt Granted that tbo tatoUated settings ate 
sulllclenUy accurate to bring the atar In the field, there 
wUI still remain several factors which must Is* given 
sultohle coDsldoratloii before success can bo definitely 
asaured; 

V. A slight haalneim. which may baldly be obvious 
to the eye, to sufllclent to conceal the star until dark- 
uasi cornea on. 

9. Tba telespotte udel be In bxavt fneds lot <'«<ldstlai 
objecta. This may be aoMmpttohed either by focusing 
at night Uksm the tutxm and makiug a slight scratch 
Upott the objective slide, to show the isilut to which It 
khoold be extealcd, or the surveyor may focus at the 
time of obaervatlon upon a woll-dcllueil object 3 or 4 
miles distant, which focus will usually bo found anlH- 
clently cl<»c. Aceurste focusing to one of tin* most Im¬ 
portant factors III finding the atar, but one limt Is too 
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3. For tho purptsK of cutting off objoctionablo ligbt, 
the auhahade should always bo attached. Additional 
CorUlnty of finding the star to randored by throwing a 
coat or other dark cloth over the head when aeatcbliig 
through the tdesoope, as a photographer uses a focus¬ 
ing cloth. 

4. An approximate meridian must be had, from whieh 
the aalmuth aettlniB are toned off. Comniotdy the sur- 
vujWt Wtll Mfeady have such a meridian from hla 
haebsight- CMberWlsc, a meridian dctermiUaUoD from 
a solar attachment In teaaotiable adjustmeiit Will sof- 
fins. gomatlmeB, when the magnetic deeUnaUon la 
closely known. It will eveh be possible to turn npen tha 
star from the nMslte. A lefcrepco meridian whidi to 
true wttUn' W mlnotes or 10 mlimtea vrill be predao 
mumkh to loimte the star when the tablo of approximate 
■ettlnfis la used, 

ne OBO ^ a refMonw mark la eontaiBpIated, rk* 
as gapthav atatlon of the survey, or a hob, or a distant, 
Wl-^nad tree or snu on the hkyllne. Polarta having 
been fourid. the an^ tnm the rofsnnci mark to ^ 


and tha —»*" angle ace then uaed to find the. 

by a» rimpIMfia heoMiig^ 

__fM lAanra that m fltkas star wDl bo 


•An buw rals oomn wItWn Ovb mlnuuw Is sumrlnnl for Usi 
purposo of Uik whle Ifaras Uimi hi no imiii toctamet Ihn iIiUk 
of u|nw oabnlnatSm for lonslmds unUl lbs Axlmuth of Polsrhi 
to loaked up In (he RptooMrto. 

Th« Pottefj Illdliltry of the United Stetcfi 

A nd-bst Oh the pottety liidtwti-y in this eomitty has 
rccenlly been published by the Dbteali of P’drClgti Slid 
nomestlc Bclatlous of tho Department of Commerce 
that contains much of interest and also some aurpris- 
lug IntormitloD In regard to manufacturing and eom- 
mercUl omditlona, one of tbe most remarkable of 
which to that the potters of the United States are with¬ 
out adecjiiatc knowledge of tho costa of productloo In 
thoir own Industry. This is but the nstural result of 
liiSiloqiialp cisd taethods, but why such busliiass meth¬ 
ods should exist to dioicult to understand. 

The Industry appears to be In a doddodly healthy 
cundiUon, tor It Is stated that from IBOl to 1913 tho 
value of pottery products Incnasod 82.S per cent snd 
profits ranged from 21 per cent to T.T3 per cent, tbo 
latter Indicating a loss of 4.68 per cent 

Jtxtrsme varlatlonB In cost of production were found 
to exist In different potteries, doe in no small part to 
the dlffstsnt eandlttons In different plnnta and to tho 
methods of the aunafuturers. The sncccnful mann- 
fbeturers may be divided Into three gronpe; those who 
have large kiln oaparlty and market great qnantltlM of 
excellent ware that to sold direct to large retailers with¬ 



ers who moke a white ware of tha best quality, well 
decorated snd selltng at good prices; the test ctess pro¬ 
duces ’’Bchame" ware, whleb to aold at relatlTely high 
prices to dtetrlbotan of ceflea, tea, cereato, beer, ete. 

Tiarge differences In cost of production were found to 
extot between the pottorlea of the United Btttea and 
thoee of Burope, the level bring considerably higher In 
this oountry. In foct (escept cue establtohment In Aus¬ 
tria), tbe lowest oust of production In any Amsrlean 
pottery exceeded tha hlgbsat coot of production In any 
This condtUoo win Da undsc- 
an examination of the foUowtog fignies pts- 


aentvd in tbe reimrt: Tbe riwt of all mstorlBls and cx- 
peoaea, excepting laf)or. Id tbe manufactare of white 
ware In Ihe six reprcaeiitatlve American earthenware 
mtabllabmeiits averaged 20(1 per cent higher per 1,000 
ruble feet of gloat-kiln apace fired tbuo the coet In Eng¬ 
lish earthenware iiotteries, 0i25 iM*r cent higher than In 
Austiiuii china potteries, 202 per cent biglicr tlian In 
Ocmian cartbenwate iwtlprlea, and 17.77 |)cr cent 
higher than In German china potteries. 'I'lio labor coat 
(or the same unit averaged SI s per cent htglinr In tbo 
American isilterles Ibnu In those of England, 76.90 per 
cent lUgber tiuiii In German eorthcuworc potteries, 62.0 
tier eoiil higher tliaii In AuHlrlau china imttcrlps, and 
1.38.07 per cent higher I ban In German china iiolterlea. 
The total cost of maunfacturliig wblte warn In the 
American eshililliihmeiilH wiih :|S.4.3 per cent higher than 
III Ihe Kugllsh potteries, rgl.tiri jier cciil higher than In 
Gennuii earthenware pi>llerii*K, 011.1.3 per cent higher 
than In German china iwItcrlcH, mid 30.20 tier cent 
higher than In Austrian ahliin ladlcrleH. 

One of the reasons for high iimt of prisliicLlon In this 
country results from the (ssir lisiilluii und luid nrrangc- 
mcul of the plnnta which hare hml ii haphaxard 
growth. Ah a rule Americhn potteries haie cvolrnl from 
Nninll plants, and us business liicrcuseil |MHirl> arranged 
uiIiIIModn wore mmle, so Ihiil only n few estiiUllshmeiils 
liiive Ihoniiiglily mialeni plniils niul|i|icd Ihrouglioiil 
with up-to-dHte machinery Many of the esIiihllshmcntH 
are poorly Incttted In referriii'e to (rmisiKirtatlou, tnn- 
Tciilcnce to Ihclr suiiplles nt niw innlerhilH. und to llielr 
markets. The machinery mid niiiliinient In usi* In Anicri- 
cun mid tnrelgn potteries are fniiiinmeiilnlly the mmo. 
hut the American cHtahliHbmentN hare liccn slow to Im¬ 
prove working cnudllloDs and to IncrenHe their pfllclcncy 
by tlie liistallalloii of some Improved devhs-H hwwcss- 
fnlly used In foreign raetories, and In maii.( cnscs It 
would apiicnr good imllcy to sernp tbe plants nml rslab- 
llsh complete modern outflta In sulinhie locations. 

C’oiupctlllvc prices of American mid foreign w-aro In 
the United States arc not delermliietl solely liy the dif¬ 
ference In costs of production at home and abroad. 
t>(hi>r fHetors, Including ciuitnms dulies, traiisiiortailan 
I'liarges, mid Incidental expenses, are sDlllcleut to off- 
tod the difference In cisit of production. 

Ill spile of tho fact that Ihe average wages paid In 
Ainerioili tsiltrries In the different uteuisillniui arc 
higher tliaii those tiald In European potteries by from 
no to over 600 per rent, the InNir cost per unit of prod- 
ncl never shows so great a dlffereiioo as 82 )ier cent 
(except In German china plants) This Indicates Ihe 
greater etHclency of the American workmen. 

The wages for American skilled workmen In uHrtlH*ii- 
ware (lotteries were from 01.06 to 236128 |icr cent hlgln-r 
than Id the English tsHterlea, while the cost of labor 
|\er nnlt of product was 81J) per cent hlglu-r In the 
Americnn polterles. The fort Is that, while workmen 
III foreign potteries recrive lew* In wages than the 
Aiiierlcan. they do not give as valuable a retnrn for 
their wage). The difference Is even more striking In 
the AusIrUn and German china isilterles. The Ameri¬ 
can wages were from 161.04 to 660.24 |S»r cent higher 
than In the Austrian estabUshmentM, hut the labor rost 
per unit of product wan only 62.0 per cent higher In the 
I'nltml .8laten. American wages ranged from 13009 to 
6X2,8 [icr cent higher than those In Oi-rman china ostah- 
llshmenls, while the difference In labor cost (ler unit of 
product was 138.97 per cent In no case was the differ 
ciKf In average labor coat per unit of prodnet w) great 
as tbe minimum difference In wages for the smne 
ornipetlon. 

It Is expected, however, that the American workman 
shall provide for himaelf tho many benefits which Eurs- 
pean countries have arranged for him. tDeluded under 
tbo general title of nodal Insuraww, tho Enropean work¬ 
man to provided against the contlngenelce of sickness, 
especially occnpatlonal disease, which Is unfortunstely 
prevalent In thto Industry, and accident Invalidity, old 
■ge, or death, and In some caaa of unemployment. 

Thera to a dtotinet need for more sclentlflc methods 
of pradoetlon, whldi can be brought about only by 
highly akllted Inntnictlon and more sdendlle reeeaiCh 
work. Thera are twenty-two technical schools in Ger¬ 
many and right In Austria devoted to Instruction In 
ceramics and the development of tbe pottery Industiy. 
England has a nmnber of hlglnrade sebooto In which 
almlltr Instruction la glvon. In the pottery centers of 
the United Statee there ere no such Institutions, and 
the everege pottery In thto conntry cannot afford to 
employ a erientllle cenmle cbemtot who to not also a 
eupebte praeUcel manager, a combination of qnsltfioa- 
tlona which la rare Indeed. The work of the Technical 
Chemloti Beaaareh Instltate of tbe German government 
Indleataa what might be done In this dlrectioa The 
practical eotoperation of the United Otatn Oovernnent. 
through the Bureau ef ntaadarda of the Departmeat of 
Oommeica and other Government agencies, with tbe 
manufoetnnn to aceompllshlnc mndh In advancing tha 
Btandud of Amartou pottery. 
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The Treasure of Lahun* 

Beautiful Jewelry Ornaments and Tools Found in a Plundered Pyramid 


A K 4 U 1 cmr pUa of brickwork lUnda Ugh oa tbu 
do wft tape at tbo entry to tba Faytun, eoae ilxty mlleH 
*Mtli of Cairo. Hon wai borlei] a crrat eoverelicD u( 
tbe land wltb all hbi family: two hundivd aeneniUoa« 
tbo denomdante of bin soblectH liaw i\>me and pone 
aluee tbeo. Nwrly all the tomb* of KayiK were ran- 
aarked In early tiniea, probably within fifty or a huii- 
dNd yMn of tbe IrartaL Thin Kliut. tleuuMert II., bad 
no hnninntty: hh pyramid wbr entered, bin HarMHihnKUH 
broken open; no twee of bin burial remnlurd. Mki-- 
wbie tbe toiuliH of bbi family—all were nttackiHl. Klve 
empty. tMulM Mtainl alnuk the amtb Hide of tlu> pyniinlil. 
wlthoat a bone left In pbuv. Wlivn tiu- ItrltlHh rii-faool 
cf ArHuroUioy In Kaypt lawn work then* luot Hos'iu- 
her. a naniilete eleamniT who plaiiiird lu liiy Isire every 
Ineh of th»> alto, and elrau the rock, an that no iuomikh 
or haabti ruuld nmialu uiiHiMrclinl. In that riaurauiv 
tlir ftre fomha jiwt named were reopened, and entirely 
cleanbil («L Two of tluMs bad not even a eoftlu left, 
TIm otbero had aareoiihaal totally liare; everytbinu 


Ita wraitpliiiCH wan left Itehliid. Hoiim. |x>rlui|M dayx, 
of Mrk had been H|ient iHi thnn rnoMcklnK tlic prave. 

'Tot all tlie Hme, done by the plunderem' nide, wan a 
retinal In the tomb wbleh they dlnrepanliil. There, nn 
eloae by that a tall man mlplit have tnuehed the crown 
wftb one hand and the nariDiihagun with the other, tlie 
iNanoN lay quite nmllnturtietl and annotleetl. After 
the tomb wan opened It ntnod a yawiilnp pit, amdiwlly 
Bllod up by orcaaloRal aturmn miee In a few yearn wanh- 
W jk>wn mud. Slowly the eanketii rotted, the ranen 
fell oeer, the thread* deeayetl. the bead* nilled ai«rt, 
and In perhapa fifty or a hundred yearn the whole pit 
waa llUbd with mod and diud, and Iml to elaht. How 
Nueb a ciaaddeNUe teeamre twa punalMy have emuiietl 
the ontlee of men who wrN lenlnnnly ncarehliip fur 
• Keprodaeol iraar*tktr lUtiiratti Leaden Keirt, 


By W. M. Flindera Petrie 

It, I* one of the mynterioM of tbo Inexpllcablu |iuhL 
In the luldHt of the rereiw lay the crown; the tall 
plumcH of pulil and tlie thm> double atrraniorH of pold 
all lay down flat, with tbo eniwn between tbem. TlM>y 
bud evidently Iweii carefully dctaintted, and never dl*- 
turlMil. The crown Ih u linmd band of brillbinlly liiir- 
nlalml Kotd. wltb flftiwii beautiftilly liilabi roHette* of 
Hold nniumi It, aial In tnait of it the royal eolirn of 
Kidd Inlaid, the hnid of laaull. Thl* liead wa* udmliiK 
when the crown Hint npiaiiml; Home dnya aftcrwanl. 
Ill wiihIiIiik the nirtli fnaii Hie miw, the head wiih 
foniid. Tlien oiyc eye wiih nilHHliiK. I wiihIuiI and 
neareluil minutely, prcHcrvliiK Hie Huiiilli<Ht H|Ni-kM of 
pnidoUM Himte. Hihmi a liny IniII of KaniK H|i|Niin «1 at 
tiH- iMittom of the iHiHlnmi of niiid; HiIh iio liirKcr tliaii 
a pliiV bead —whh the iiiIhhIiik eye. Vet Hie Hold noeket 
of the eye wiw uiIhhIiuc. I ri*meiiilH‘nil liiivliiK waHliiil 
lint II liead of K<dil which dlireml fnau tlimiNninlH of 
oIlK'tH; louktiiK, 1 fonnd It aealu, ami there wiih Hie 
HtdlliiK of lh» eye eumplete. Aliovc the crown at the 


a with minute beada 
were fuHteneil on tbe 
ivered with InlayH of 
lid UHiw of Amciu>u|. 


of Kold cowrie* and sold lion heoilH. TheHe are Innenl- IIiwIiIph 
oiudy fuateneil with oiui piece in two halve*, jolulug only hih-Ii 

lopidher by a Milder, oo that Hw iidlar ban to lie mm-h uiaiiy cm 

mill raideil before It can open. Two tHwnHfiilly wrouphl around Hi 
lai'tornlH are of pold inlaid wlHt minute pieces of «r- diii’kH, tin 
nellnn, turquoliie, and laaull. In the pectoral of Henu- climiil, lh 
wrt there are .ITS aoparate ntonen Inlaid. The bar- nhow boa 
iinailonH outline of these dcMlpn*, and Ihe exquiHitc uniupht. 
work, make them the meat ebacinlng examplen of Krtp- Hiwh U,v I 
linn puld-work, are of Hi 

A preat ueeklaee of lonp drop bead* munt hare boeo reiitral ei 
worn hanpbiR below the other jewelry. The pendantH a IroiiKh 
ara of Kidd, carnellami, liiiiill, ami nmnaon atone, from ilaiiip ho 
the ubklle hanpH the moHt nplendld mairab known, out workmen’ 
with iwrfwd Hlmrtineiw In the riehrat lapla Uiiill. A lery like 
iHiwr IlKurc of It la put lu the middle. Yet annUier the HtonoH 


ihii’kH, the one lying deiiil nn an ullai 
climiil, the other lieliiK carrinl ami al 
Hhow how iiiinniely the urulidiinw of I 
wniupht. The ilrHl lam|M that niii b 
HiK'h U,v Hielr wtvkH, were fiwnid In IT 
are of liniiwtoiie with pleniil dlHka < 
reiitral eu|>, In hold up tbe wick. Around the cup la 
H IroiiKh to hold water. In order to keep the atone 


luda, there were many i 
OHO uacil tiMlny; wooden rii 
ml a wixalen hoe. 


Kiw th« Sdoico of nfcrradre MedidiM is 
MBfantatag Acddenti* 

Tnnan baa ariaen on the part of pood modienl thinker* 
and at the eall of an anUpfatened puldio, a now raedieal 
ifeolalty, the lelenm of preventive medicine. The 
vWue of men, woman Met ohlMran in our oonalry j* 
iTorth In money mora thu twlee aa much a* am our 
induatilo*. railr^a, land, buildinca and Imprownnints. 
No monetary value nan be plaood on the health and 
hafqilneaa of humanity. 

What haa been true of tho solenao of pnivcntivo 
medMne in the pant la poinp to bo intoneiniit in the 
futura. Medleal aoololapiata have dcmonMtrated to ii* 
tbe folly of attempUnp to tmlK hoaltby ehildren in the 
ahinu. Tboy have nhown ua the foDy of alluwinp clill- 
dren, our nrart gewnthm of worlnra, to roach manhood 
ftnnted in knowtadpe and health by an imposalble 
envlmment and one that oould be oontroIlQd. 

Ib manjr plaeea we ara plvinp our aehoot ohildren a 
jAyaienl examination in our endeavor to And the early 
traoM of dtaeaae, and to oorreet the dlourdw befaro the 
damape la done. Btudenta of tbe work find that it payi 
the eommnnity in doHara and oenta, beeanao they have 
diaeoveted that a laipe pereentape of the children, who 
■N rmealinp yean la aobool at m avorape ixwt of S2U 
a year per efaUd, an not doing «o bvoauae of dumbnem 
and inridlitjr to learn, but on Meoniit of phyaioal do- 
feeta that eould be ooReeted. 

Raaenlly a new and powerful fane haa been Intro- 
.dnead, wbleh depend! upon mediaal men for Iti ouiv 
aeai, and which will do more to aOevlato human ■ufforinp 
and aeonomle lorn doe to aoeldsntt ud dlaeoae, than 
any peeviope methoda tried. I tefkr to the aetivltlea of 
the Staia to olMrify iti aoddento, and to plaoe a pre- 
mfaia upon their prevention, to tanob the truth about 
ooenpatipBil dbeMaa and their pruvestloir and to pn>- 
yide ihe iroridnpmaii with a healthy plaoe in whloh to 
^ work. 1 wWb to pay tribnto to epma induatriat otpu- 
tetiaw taf thrir albtte to pM 4e State in lu work, 
aad te thiilr Intorert in a^ipieduBtfaiy that wwrk with 
aa adenltW habwMpe of l)u 
weriDM*. la otte flmt ia «6 (ar aa it li poaaibto tw 
iiMdM ba aSewad to 4e a Und at work that la un* 


«| 4 |toMr«Oridkhai fey Df. • 


auitabic to hi* physical condition. The very bcplnning 
of dlocoau may then bo doleeted lonp heforo aeriuua 
damepo I* done. Thia, to my mind, oimply ia a ixm* 
tinuatlon of the work done, whon tho wihcol child i* 
phynically examined. 

What tho HtaU)’* lo«* of timii w, per accident per 
man, I do not know, but I have learned from expnri- 
imeo that for men so badly hurt that a day or more i* 
noRONiary, the avurapo of I'J days for all injuriiw aboulil 
not bn oxniixlcd. If the work la meet oIBcionlly done. 
l)inilnl*hnd numlmn of Infoetioiui, with their incnwHcd 
loMH of time, 4 day* to I of tho non-inrii'tiMl easo*, tlipir 
deformitkw and Mtilf piinU, and somclimre amimtated 
mcnilier*. tc*l the *kill, knowlnlpi' and efflniunny of the 
medical mon. Iiirontione al the Younpalown Hhii<t and 
Tube t’Aimpany, whero I have Ihn bomir to bo omploynl, 
number 1 In 014 for all open wound* when biwUil at 
oneo. Tho ratio of Ohio a* reported by T)r. Binkley, 
chief medical examiner of the Htatc, U 1 in 10, 50 per 
iwnt due to the nogleot of the injured man himnelf, and 
the other SO per oent to tho meilieal oaro. Kvery em¬ 
ployer of labor ahould so oipaniae hia foroo* that noro 
is given the injured man in such a manner as to yield 
the minimum amount of infootiona and thua dlminlgh 
the expenao and Hulfcrinp. 

My aaaneiato. Dr. Dohliin*, and myself, at the plant 
uf the Youngstown Hhuit and Tube thmipany have tuvn 
onpapod for tho last nine month* in studyinu the rela- 
tlonabip between the physieal fltnea* of men and tliolr 
working effleienny, aa well as the relatiun of the worker’a 
heelth to aelikleiito. We fed sure that we sen eleady in 
many noaos tho relation of poor physical condition*, 
hodQy Md mqpUlly, to oooidenU. Tho test ,of mioh 
work 0 * thl* ia not how many men we can refuMi work or 
nmove from work, but how many it is poaaihio to make 
phyrieally fit or how numy om be pbui^ at work that 
aulto their phyaleol aotidiUon. 

Under our former lyatem we waited until from physieal 
wealcMOi a nuui oonsnlted a physinlan, and waa told 
the eauae, while in the meentlnuj he ignorantly ex- 
poeed to infeetion hia wife, children, and fellow work¬ 
men. By repeated examlnationa we frequently And 
eridenoes of inoipient tuboreuloalB, roiuove the man 
to a aanatmium for cure, while a oim is poariUe, atop 
the pondbUlty of the aflBoUd infootlnp his family and 
Maw ■Brtifeife. Md NtUB Ua fa the ihociMt thna 


neenwary for a cure, to hi* family, and to niolety, • 
usrful producer and a'lui a noD-infwUnp Indivtdoal- 

U|iun tho eyesight of all men depends their own and 
otlier*’ safely. I recently examined a motor oiue lu- 
■peetor, who had so little viiiion that ho oould not oount 
OupcTH held at arms li-nplli. A little adviee and a 
proiwrly Attinp pair of Rlaiiae* made him an eAloient 
and HiJe man, iMwidr* adding lo hi* own onmfort and 
n'liioviiiK hiH handicap. 

It i* cmiiiciilly not fair to BHk a liiart lase to onra- 
peto for Id* living with IhoHc of mninil lieari, for sooner 
or later. Hie liearl i>aiii< will Isxume iiica|iaoila(ed and 
taxiome a burden Ui lii* fainil.v; a public charge maylie; 
nnrtaiidy an ixHinoiiiic Iim*. If plaetsi al work guilalile 
to his heart ixindilmn, Hic man may give good service 
for years. lliTiiia, nr niptiire, usually a congenital 
defect of iialuni. lias Issa a [Mitioil eausn of inefflcicney 
a* well a* a source of physical dlscaKe and absolute 
danger. I have Itceii obliged reoonlly to operate on 
twn men whnse hiTnirn liod bnmiin strangulated while 
at work, anil requinxl iinmedialo nporation to save 
llioir lives. Tt will raise tho healtli and effleienny of 
mon if wo ploi-o IniHse* on the siiilahlo cases, and ad¬ 
vise operation wlum it is necetwory. Many a man sut- 
fer* torments fnim a siipiMisixi rlioiimatiKm, when in 
reality ho is tniiiblixl willi flat fool, a ennditinn that if 
Irratod with an'h sui*ports can lie rom«<died and all 
niiffering reiniivisl, 

Tf thnsT inclIiodH tiring healHi, happines* and greater 
safely to the workingman, there la only one way In 
whkih the nsuilt* can bo gained, and that is by the 
frequent oxamiiiatoin of all individuala. Thtsai same 
results oould bn ohtainMl if we would eonsult our ph.vsi- 
elans at alatod inlorvala, but we buniM indivldualB 
have not yet learned to spend our money when well, 
to prevent bring oink. Industry ia just beginning to 
learn, that it i* worth more to prevent aiekneas than 
to wait until "thn hone Is stolen.” 

When tlio proper intimacy between medioal man 
and employoe I* mlal>liah<>d; when men arn examined, 
defects found and advice given a* to romody, then 
exists tbe opportunity bi tell and educato large nisMes 
of people repanling sanitary living, proper ventilation 
of the homo, the trulli ebout the aario ii i na aa of dlaeaacs 
and how to oara for them, aa well ea how to prateot 
thamaalvw and oUien from Infeottona, 
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Washington-Paris Longitude by Radio Signals' 

A Valuable Application of Wireless Communication 

By F. D. Littell and 6. A. Hill 


A PwmisAL frtHn (iafit J. K U. M. N., tuper- 

liilfiiilfiit nf Ilia Nuvul OliwTvalciry, tii dvtcmilnc the 
illirpraniv of lunultnilc hrtwraii tlw Naval OlMervaliiry 
at WaHhliuttoii and Ilia Obai-rvalidre do I’arla at I'arla, 
Kranoo, l)y tiio iimo nt radlu alitiialH fnaii Iho naval ata- 
Uon at Itadlri, ^'lrKlnla, anil fnim the KIITol Tower 
Ntatlon III I’arlN, havliiK Iwii favoralily htoIviiI by tlie 
Kroiii'h aiilhnrltloH, |iro|iarntloiiN wore beKim by the 
illroilliiii Ilf the Navy neiiartiaont early In the aprliiir 
of llli:i. Tlie inothodN adopted were thnae ileveloped by 
the Kroneb and deacrlbed In IMerminatUn par la TiU- 
Uraphique lans fll de la Difftrcnre de Lonpitada entre 
ParU I'l ttizerlf, and other publloatliiua. 

'I'lio liuiKiwt dialaui'o over whioh the juothod had pro- 
vloimly boou aiiiillod wan In the alaiVo tnoiitloiiod dti- 
lomiliiatlon la-twivn Ihirla and lilaerto, whloli dbi- 
taiioo la alaail IMK) mlloa, and la order to make aure 
that the niothml could be exieiidoil to moot the roniilre- 
uionta of the prcaont caac. the French Rovornment aeiit 
over a preliminary expedition with four olatervera In 
Man'll, IIU.'I. Thta party waa eqiilpiied with the aatro- 
lalai aa mixlltlod and Iniprovial liy MeMara. Claude and 
IirloiicMirt for the determination of time, and nlthiniKh 
It waa late In thu aeaaoii for Biiit'oaNful radio traiiamla- 
ahai over an great a dbilance, the imrty aucceetletl la ao- 
oiirliiR a aulflclont nuiulaT ot radio oloak taaiiimrlafma 
on two niRlita to coiivlnoe them that the radio metliod 
would ho entirely practloabic at a more favorable aen- 
aon of the year. 

For the American otatorvera, tan now Iranalta woro 
ordenal fnan M. I’rin nf I*arla. Tla-y won' to la- prac¬ 
tically dupileatea of thiau' In iiao liy Iho French otwerv- 
en of thnai Inchm n|a>rture. tlilrty-lhroe laclioa fia'al 
length, with aelf-reglatcrliig right aacmialiHi niIcnaneU'ra 
drlren by elcclrlo motor and cuntrollod by hand, rt*- 
\-endble lai each atar. with hardened atcel pivota, and 
elntrlo lighting. A meiidlin mark and Iona of appmxl- 
malHy one hundred aiul fifty feet fia-nl li'iigtli waa pro- 
ilded with each liiatmnieut Aa It aua planinal that 
tile wiu'k ahonid he done In dnplUale by Froiu'li and 
American oliaorvera working almultaiKaiualy, It waa 
ueiaawary lo erect two amall hulldlngH In the ohaerva- 
lory griaimla for the aholtcr of the Inatmraenta. 

For the awanal |a>rlod, oil the ohaerveia and aatro- 
niaulciil iiiatruiueiita were Interchanged. 

1'ho natronomlcnl programme waa to olia<>rve fnau 
T i.'H) I*. M. to I ;,‘MI A. M. local mean time at both I’arla 
niHl Waalilngton. Aa each atar waa oliaerved with In- 
alrumcnt direct and reveraed, the i-olllniatlon error waa 
olhnhiatMl except for a amall correction dopemling (A 
the length of the algnnla which waa aiiplled, Uie level 
waa determlnetl by the atrlding level between every two 
atar nlawrvitlonH. niul the aximutli by meana ot read- 
Inga lA tlH* meridian mBTka which were alao made be¬ 
tween every two atar olwcrvatlons. With thbi pro¬ 
gramme alaait five eba-k atara iwr hour <-oiild Iw <ili- 
aervial. When lavedlile, lhn<c or four nxlmnth atara 
wen- olaM'rveil eneb iilglit. 'I'be ohaervlng Hat for inicIi 
atalbin waa laaile np an tlial la any (lerbal of thna- 
liiMira the atara were fairly well balanced aa to tlm 
jM'iilth. Nearly all the atara norUi ot the Waaldiigton 
xealth and aoutb of the I’arla MAlUi were nannion to 
lailh idMervlng llata. The two natmnomleal ohaervera of 
laii'h iwrty alternated In ohaervlng the flrat and laat 
half of the evening. 

At Waahington the Kleflor aUiulanl aldcreal elock 
aenda Ibi algnala on the even aecnnda (omitting for Idrn- 
tlllmtloii the lero aerond of each minute) to a amall 
break rin-ull relay whieh operatea a large 7-pidnt break 
cin-ult relay which dlatributoa the algiiala to the varl- 
ona Inatniuieula of Ihc obacrvntory. thily one of the 
Hoven ladiifa lAlug uvallablo. It waa nae<l to oiwrate a 
4-p<dnt n'lay, one of whom ladnta waa iiaed to aend the 
cl(«-k algnala to Hadlo, one to the Freneh. and one to 
the Anieriniii ehriaiogruith. Aa the French I’hroiio- 
graph ivinid otwrate only on a make cln-iilt, and aa the 
American ciailil operate on either, the eln-uita were ar¬ 
ranged HN make clrenlta. Hy the above arraiigeuieiit the 
-l-iadnt relay becainc practically the ohaervlng elwk, and 
It waa only neceaaary to determine the lag of tlie pidnt 
natal for the rbriAagraith relative to that noed to aend 
the algnala to Uadlo. 'Thia waa done hy rceordlng on 
the ehroiiograph aldereal time algnala alternately 
tbrongh the dllforent polnta, while at the aame time 
ninin lime algnnla wen- la'lng ret-onlnl throngh an 
Indeia-Ialeiil i-lri-iilt. When the French ohaerverH ar¬ 
rived. Prof 11. Altraham of the UnIveralU' de I’aria 

• AlntrartiHl frum a paiwr la Thf AntrvaaialriJ ymraol 
rfiinaiinlrtt«l by CipL J. A. Ilvofawtig; U. B. Navy, Bapar- 
Intndut 0. M. Naval OtMrvatMy. 


hnaighi with him two galvanmneter pen cbroitograplia 
ilealgned hy hlnwelf and e^wclally adapted for the m- 
coidlag of NiK'h laga, and ho very kindly leaned one to 
the Naval Ubaervatory. It waa tnuiv nmveulent In nae 
than the other arrangement and gave pract^lly the 
anine reanlta. There waa a email ayatematlc dllTerence 
of O’.OW hotweeii the reanlta obtained by the two meth- 
-oibi which waa attrlbutnl by Frof. Abratiom to the 
au|a>rlor aciuiltlvcucaa of hla chninograph. Ite a abort 
jarlod at the beginning the rolatlvo log betwoen the 
Kndlo and American ehronograph polnta waa 0*.010 l 
T he ladiit thmi In uae having been ahown by recorda on 
the mwh more aenaltlve photographlu galvaaonelsr 
cbnaaigraph of Prof. Abraham to be defBetJfi% tho 
4‘lironogranh circuit waa changed to tho other available 
julnt of the nday and after ndjiutnieat the lag waa 
O-.tinu and remained no throughout the work. In gen¬ 
eral two recorda of the lag were made each night Hie 
time fnan Uu- chodng of the contact at the obaerva- 
tory to the rci'clitlou of the olgual In the telephone ro- 
c(‘lver at Itadlo waa meoaured and won found to be 
iicgllgllilo. 

At I’arlM tlie Htcllcr clock aenda Ita algnala on tho 
cv»n H«>ciiii<la (omitting for IdentlllX'atInn the 68tli acc- 
mid of each minute) and HyiHrlirmiloea a "clock relay" 
which diHtributea the aignala to the ehronographa. The 
ayiichrunlilng ctrcnlt apparently operaton when tho pen¬ 
dulum of the elock relay la at Its lowest ijolnt and tho 
Higual cln-ult la cloeed near the end of the awing of 
the iH'iidiilum ao that tho Igg la either approiimately 
•f (l*A nr -f IMI, aminling to the direction In which 
the iwailnlum la awliigliig when It la synclimnlied, and 
aa IIm> eba-k relay mnlta no algmla for. IdimtIHcatlon 
and the signal iicnieal the aeru of the Kleflcr Is uaually 
culleil sent Um> reault la that the lag la either ap- 
pnixlmaleiy + O’.!! or - - tl’JI. If the control la out of 
action for a time or If the relay la atopped and atarted 
again, it ta readily acen that the lag may change from 
iHic value lo the other. 

Ttn> proluildc error of n clock oorrcctlon from a alngle 
star. liK-lmlIng the errora ait alar placca, would liallcnto 
a proliahle error of ± O'.IIOH at Waablnglun and ± (F.Oli) 
at I’arla for a cloi*k correction from an awage nigbt’a 
work of ahunt twenty atsia. 1 ’Ih> IntcmimiMialtiim ot 
ri'MUlta by the different obaervem on the aame Inatni- 
aiciita and of tiu* reanlta of the French and American 
otwervera on different inalrumeiita Indtcutea a iirobable 
error <if clwk wirrectlon of iO’.Ol.l for Waahlugton, 
and ±U‘.0]S fur Faria, which la conaldcrably larger. 
The difference la due iwrhapa t«> variable (lerwautl 
i-nualloiia or Imperfect Inatrumeotal oxllon. 

TUo clock conectlouB were plotted, and the curves 
aallafy Iho obaemUnna for Wnatalngton with a proh- 
ahh' error of (F-OI’J and for Farln with a prubable 
<-rnir of ±0".01C. ’The uae ot llieao ciirvoa alao fiir- 
nlalii-a a nicuiia of utlUxliig all the radio otawrvatUiiia 
oa wbulcvcr iilglita limy were obtabied. 

Ah the cpiwli of the Waahliigtnn time niiacrvullinia 
wan ulaiiit ItVi lanira after that of the niillo ohaerva- 
lliina, nial that of the I’arla time obacrvntliiaiM waa aliout 
" 1(1 lioiira before that of tlu* radio ohaervatlona, the 
effect of the above dlfferem-ea on tho reHultlng longl- 
Indea may be aigiro.'iimatcd aa folluwa; 

I II Mean 

-|-0*.017 ~tP.IMI) — 0*,016 

At each atatlon tho prtgtrnmme fur the radio work 
waa cwmntlally tho same. At Uadln, for example, a 
Jx>roy clock controlled the emiaalon apparatna so aa to 
aciid nut three aerlm of CiO algnala omitting for Identl- 
lIculbA the mnlttplea of alxty, the Intarvala hetween 
the Mucoeaairo algnala being appraximately O'Ai, and 
each algual being O'.!! long. ’Tba radio ubaerver oh- 
aerved hy i«r by meana of telephone recelveia the coin- 
cldeiHWN of the outgoing algnala with the beats of a 
mean time chronometer, and aa tho chronometer beat 
half aei-onda, he uliacrvod a coinddenco abont once In 
fifty aecotidH, or uaually aeven or eight In a aeriea. Ho 
alao iiiged the omitted Mguahi In sach a way that tho 
aerial numbera of the algnala at the colncldeDcea coold 
lie ileiermhied. With thia data U la pomdble to deter¬ 
mine the chriHuanetcr time of any desired beat In tha 
aeries of dW emitted hy the Iicroy dock. 

Tile radio algnala having been compared with tho 
mmiwrlag luean time chronometer, this woi In tarn 
<aiui)Arcil dina-tly with tiN- atoudnrd lUeBer KUnreol 
clock of the ohanrvaUiry by the same colnddence meth- 
lala, accnrlng uininlly four ciiliicldeiicrH for each emn- 
inrlaun, ami two comparisuoa each night, om lost be- 
fcce Bad ooe JUBt tOat tba ndlo work. 


From the canparlBona at the ilgnals from the emit¬ 
ting dock with thoee from the compulng ebranametar, 
il la possible to obtain « ebrauMaatar time from each 
(Miiicldeoce fior any algnol In the eerlM Mieoted oa n 
rafbmiGe algnol, and by means of the compnrlBom Ot 
tba Cfgnpnrlng chranomoter with the Blefler dock and 
the dctennlncd correctlona to this doA, U Is poedble 
to obtain the local sidereal time of this refOrmoo algnoL 
lu unler to eliminate the erroti In the amumed rate of 
gain of the emitting dock on the comparing chroDometer 
line lo errora of oboervation, the al^l whoso nomber 
lu ihe aeriea tsurraponds to tlie mean of the nnmben 
of the algnala at which colnddencea were obBeffred 
HhooM be taken aa the raferenoe algnsL Aa title num¬ 
ber la different for the two itatlona, tho signal oortt- 
Hiamding to the mean of the two numboia was naed as 
the reference signal, and In this way these emn were 
rendered negilglblo though nut completdy eUmlnated. 
Having determined the Incsl ahlereel time of the ret- 
crenm algnol at Waablngtun and at Faria, the dlfferenoe 
of these tlmea la the difference ot longitude. 

Tlie dlatancc from Faria to Wauhlngton bedng 3330 
ralica, tho aaccrtalnod tranamlaalon time cortcaponds to 
a vt'loelty of 17ri,000 ± 16,000 miles per second. 

Tlie tranamlaalon tlmo from Faria to Blierte (see 
IHfftrenee de IdtngUade entre Forte at Hiaerta, p. 107), 
waa di-termincd to be 0*.0071, and aa the dbitanoe la 
wn miles, thU corraq)onda to a velodty at 130,000 mllw 
l»r Nccond. 

The correction for time of tranamlaalon aa determined 
•Ihivc has been ajiplled to all tho longitiide reanlta. All 
of Ihe avaUaMe radio ohaervatlona for each night, omlt- 
llng mtes In whU-b but a single •'dnddence waa oh- 
oervrvl, have lieen romblned to form a alngle longllude 
deterailiiHtlon. Thera were nine nights In the first 
IMinI mill eight nights In the arcaad period when 
natmnomleal ohaervatlona were oecared nt both sta- 
lloiiH and when radio obaervatioiis were made at one or 
IhiIIi MtsUiina. Thera were also five additional oomblna- 
tloiiN Ilf nigfata In the flrat period, and five In the aec- 
ond |a>rlod when Independent longitude dctemlnatlona 
can Is- iihtaimvl by carrying the clock correction at one 
or Isdh NtatlnnH for from uno to tbreo days by means 
of the Hock rale, lii view of the excellent InstoJIatlou 
HMl guuil perforniauco of the clncJta at both oboerva- 
tiirlm, this la conaldeml a safe pnn-eedlng In the preo- 
enl cnac. The weight aaalgncd for the longitude of a 
night la Iwaml on tho number of aeries of radio oh- 
w*rvcd, tlw iiurohcr of colncldencea oliaeTTed In the 
■crlBi, the nnmbcr of stars ohserved, and the number 
of days the dock coriecUona have been carried by the 


From the data obtained values of tho observed longl- 
tmlis have been deduced for the flrat and aecond periods 
uflliework; 

I B‘ 17- 88-.U1B ±0*.«1iri 
II n 17 .*18.811 ±0.UU54 

Hy Bigilyliig tlm cunrectiun —O-.OOe to ouch In order 
to reiluivi lo the adotged merldlana of Waahluglou and 
I’arlH, reeiioctlvcly, ami taking the mean the following 
longttuile, Waahlugton-Paria, la obtained, 

B* 17- 36*.8Sa ±0*.(W69 (A) 

The prubuMe error amigned la booed on the anump- 
tloii that the dlffercnro between I and II la due chldly 
to dlirmneea of penunol equation botwsMi the astro- 
noraloal and radio ubserven of the two partim and 
iiUnr Blmllar errora and that Ike effecU of ttnxm errora 
«ie uUmlnated In the mean, Tho extent to which this 
la the case will be shown further on. 

If the longitude U baaed on the aeventoen si ght, on 
which aatronomlcal oheenraUons were mode at both 
Btatloim, the roault U 


™ oofMotionc aertvsd 
m* the enmmon atari obaprred the aame nlghto at 
btali atatkma, ama dlmlnatlng the errora oT the Mar 
ptaceo, the number of nights te reduoBd Oftaeii, and 
the la 

8* 17- 38<.6S8 ±0PMa. «7) 

from the throe hour group neareat the time et the 
radio ecmpaiteona at eMh itatian, thim ndnetag the 
effect of errora In the adopted dock ntea. the 

a* IT- .■».(» *t).j)078 (/» 

It the hoigllode la baaed on tha airriiii un 
'(«) but uning clock eorreettciiB fitu the ^ 

ft. ftSTsirs! 
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9 IT- a¥jm ±vaoa (t), 

Bjf tbo me oC tbe dock oorrecttom derlTed from Um 
carve, ell tbe radio ubeervatiaiiB, made on 6T niBbte, 
mb be utUlaed. 

Tna tbe data tbua aecmcd tbe foUowlng TBluoe of 
tbe obeerved longltade Cur tbe flnt and aououd pcrtodi 
of tbe work bare been dednced: 

1 IP' IT- SB'.ad ± O'.OIMb. 

II S IT aS-NlS ±U,OU3T. 

By applying tbe correction — U'ANM to each to rcdui'e 
tu tlie edited meridlam of Waebbigtoo and Peris, ic- 
fqiertlvcly, and teUng the mean, tbe following loiigl- 
tiide, Wasblngtou-ParlM, in obtained: 

S* IT- ±0-4)ae» iF). 

Thin value la coofrideied the beet of the hIz given 
above, which, thonidi preliminary, will not differ mate¬ 
rially from tbe definitive value) to be publlMhed bi on 
■ppeiidlz to Volume IX, PubUoalfoM o/'the V. H. Havtl 
Obtenatom, Second Berleo. 

I II 

Correction due to diurnal varla- 

Uon In clock ratee. 0*.01T — O'.OiU 

Correction due to lag detenaloa- 

tlon for Parla 1. -f-0.010 

Currectloo due to variation of 

longitude. -^0.001 —0.000 

Correctloa due to Hyatematlc dlf- 

ferenccB In levels. -1-0 XtM — 0 .IKU 

Correction due to difference of 
radio oboerven petiMHUil 


Previously determined valuea of the transatlantic 20. Washington, Now Utsiervatory— 


Correction duo to dlffe 
astronomical ohw’rv 
soiial cqnHtlons .... 


BodOacldt^Si Toon 

Watolnitm. Old 
Oha’y^iwen- 

Wsahlngusi. New 
Olis'y Pirto 

1. WtUur. -totil 

*****“ ll**:*? 

Ah 17m Me 70 
M 1.2 

4 PvIrOB. 

FrowMujmOul' 

6. W«lk«r... IMS-IH4A 
6. Lnomli..., lsa^lM4 
7 Qinfas .. lifSft-lMS 
nWtkM'., 1H4ft 1 
e. Newoomb... 

101.01 

10 M 

33 NO 

34 .00 

isA in 

10 Nmomb 
From^hroniim* 

0 H 

34 JO 

li». Wdkor .. tH40 

if*. 14 

Ml 

14. Bund .. , . lH4a 
lA. Bond. . 1 MA& 


■I? Sfl 


Ill rcdiK-liig Ilii'W IoiikIIih! 
the following HtIJiiNinl differ 
lN>eii used. 

21). (livcnwleli Palis . 

21. WiisliliigliMi—Cauibrldge 

22. Moiitn'al--CniidirldKc ... 


The Wasblngton-Paiis longitude given In tbo Amrrt- 
eOM A'pAcmcris and Nautical Almanac for 1001 to IBIS, 
B* 17" 3U*.7fl, Is correlated with the Parls-Qroenwlch 
lougltude. B" ‘JO'.UT, which has boon inpeniedcd by tbe 
value 0" 20‘.I):i, corrcspendlng to a Wnshlngtou-Parls 
longitude of .V 17- SO'.Tl. This value depeixls uu the 
WiiNlilngtiui-Oreenwleb longitude resulting from the 
loljiislmeiil made by Hehotl,' which la 


ileis-nds largely u|Kin the reault of 
eniiliiHtloii of the longitude Moiilreal- 
lie lime of Ihe sdjiwtnieot only the 
of this B-Hiilt WHS available. Aa tbo 
e a eorreiilon of — O^.tlB to the pre- 


('amtartdan Wublnaton 

URnnwh-li Nb» Oln'y 


iiwIeh-PnriN longitude' to bt 
20-.at2 ± 0-.(lli 


How Namtlci Alhet Pbnta 

Tlia term imrcotlcs Is given In general to those sob- 
HtsDcre which ozordso a ixiwerful effect on I ho cen¬ 
tral nervotu system of men and animals. This effect 
consists mainly of a period of egcIlHtloii followod by a 
period of depremriun or redocod soiisllilUty. which may 
end In stupor nr oven In death. However, the total 
effort la a complex of phenomena, which vary actJordlng 
lo tbo nature, the dose, and the dnntlloii of the imrcotlc. 

There Is no ph,valcal or chemical prepurty which all 
narcotics certainly poasess, but the majority of them 
are marked by volatility and an Intense odor, nearly all 
are aulublo In lipoids or fktty subetancea, and It seems 
pnrtwlilc that all are able to iienetrato living idasiua. 

While plants cannot be said to have a central nervous 
H.V8t«ii. the otudlea of plant pbysloIogUU In recent 
yeare have Inoreaolngly shown a marked analogy be¬ 
tween their vital fonctloDs and those of animals. 
Ammig the most striking of these analogies are tbe way 
In which they react to certain nareottes- Many Invca- 
tlgatota have of Ute been ezperiinentiiig along this line, 
and tile reoulti of their rHaarch are Incldly set forth 
In on article by Dr. Arthur Heilbraac In Die Valor- 
oHauenaohaftm, which we here tummarbn. 

It b very difficult to distinguish between narcotics 
and ptdsuuH, for In large dosee or bsi great dunitlou 
the former sre always fatal. But snsceiitlbUUy to thoni 
varies greatly in species aud Indlvldusls, and the saino 
Ihlng has lieeii found true of pbuts. This misreiill- 
hllliy, tis], can lie lessened by gradually aeeustomlug the 
lisllvldual to larger and brger doses, a fart of which 
Dumas made romantic dm In one of bb most ihiillltig 
novels, and whlrti Do Quincy verified In real life, as do 
all "drug fiends.” Bven so can plsnta Iw Inarod to tbo 
narcotlca. 

The beat known narcotics are alcohol, ether, and 
chloroform, bat there are many othera. among them 
benaoL xyloL and benalii. Narcotic gasea include tbe 
ccapounda of hydrogen and oxygen in lllnmiimtlng gaa, 
carbon dloxMe, and the fumes of ammonia and Prnsslc 
add. Tbe# also’ inclnde such solid bodies as chloral 
hydrate, certain campounda of calcipiii, and many alka¬ 
loids. It b also a form of nareesb termed by Dr. Hell- 
broun autonarcaal*, which, ocean In planta snrronnded 
by an atmeaphere baring lumfilclent oxygen, a eondl- 
tkw which may oecnr whan the temperature b either 
too high or too low. “Perhaps," he soya, "the above- 
mentiooed oarboB-dlnxlde narcoob belongs to tbb group. 
We mnd believe that under those ebnormel coudltloiia 
of metabifilms narootlc anbatoiwee are ftimied In tbe 
■riant. - . 

Uaabl proved that respdratlcn In onions was atimu- 
btod by a naiposb of six boors, but depressed when 
tbe dimtlcn was hmgbr. ; A npmtlaal apirileatlon of 
tMgiffitambtkiii of mgilratioa to llvw In tbe Jataanmen 
pnsM of foteliig by etltw. In ibis the etUor prudoees 
not only oewtomtiou of lesplrntton, but, bidlicetly, of 
growth. A naiwMla of from 13 to M obortona tbe rest- 
period In variona ntonto from alz to right werin. 

. na tbsbs caiito tke Buntto terslapi Its rfwt only 


III the preliminary and after-perlisls <if rest and not In 
the middle perils]. In Isith periisls n struggle lakre 
pluec lsi:ween the stimulation aud the Inhibition of 
growth, Tbe ether b fitvonililw to Ihe first jiroeesH. 
hence the result otlalnod. This iibeiiomenoii hss nil 
analogue In tbe ntilniHl kliigilisn: the rest-period Is 
shorteiKsl by ether both In the eggs of Insects and the 
purse of hiitterfUes. according lo Klsrlier. A NiiecosH 
similar to that In the forcing of twigs In their winter 
rest-lime Is nttaliieil In the cniv- of grains of luirley, 
which have Just umtuml nisi iin> In the rerly perlml 
of the rest-lime They iiiiiy Is- made to germlliate while 
still sitaehni to the isin'iit plsiit, u case of cx|M-ri- 
menially olitalned vlvlpaiy." 

Another rcmarluible instiiiM-e of the imsilfleiitlou of 
vllol functions by nareotics Is Ihe (iieeklng of fenneii- 
talloii, nceordtiig to Olande itornard. Dr. lleilhninn, 
however, eonslders this s« Hsloiindiiig Ibiit it Is iif need 
of proof by control cxiwrlments. It Is rerialii, though, 
that assimilation may bo icniiwrarily cheeked by nar- 
ertloi utb In the Algae Npireggre aisl In higher itlant 
forma ‘*rhlB inhibition Is iirebably only a sisxisi rase 
of the quite general nnUcatalysatorlc effect of many 
narcotics, L c., their sblllty to retiinl eliemlesl i>roc- 
eases which are sot In n|>erntlnn by s retalysalnr. This 
may have Its fundamental eaiiHe In alterations of sur- 
flKS'-teosloii ndnUuim In luin'otle utransidierrs." 

Tbe effects of imrentles uishi irsiisiilrolloii lire i|ollr 
nirinus. Mildly luinsdlxisl leiives Iraiispln- morn 
strongly in light, Iml less slmiigly In the dark, tlinii 
the nnniiol. Jnmelle glrrs the fiillowbig exiilnnullnii 
for this; assimilation la Interrupted Iq the iisslndln- 
tlnu. and ennsniuently tbe entire em<rgy of the rii.vs of 
light absarls>d by the ehlomphyl Is utllliMsI In transpira¬ 
tion. Dr. Unllbroiiii eonoldern this debatable sis] dis¬ 
cusses It at some length. 

Another effect of nareotlanlloii Is liiterfereneo with 
the process of sssimllation. TTie fsuidwtlon Tif pnMliiels 
of assimilation In gerroaimtlng sisris Is Tnil off, since 
they cannot poss thrnngb nurrottseil lenf-sloiiis jir iilerm 
of tliR stalk. This Is considered iiddttlnnnl imsif lluit 
Ihe r)H)|s>ratl<ui of tbe living plnsum Is lisllsis-niiablc 
for the ciHHtuetion of smlmllaled siilwtanees. But hy- 
dndytle processes, such ns the dissolving of stiireh. eon- 
lluttn. The natiual consennenee of this Is sii aeeiimii- 
bitliiii of osmotlcally active substnnres, smii ns munr, 
osparaglu, etc. An Increase of osmotle t>ressure to nec- 
emarily assoototed with this, and this leads In Its turn 
to rankness of growth. In this connocllnn It la of es|N>- 
clal Interest to note that there Is n displacement In tbe 
growth. The longitudinal growth is cheeked, while the 
growth In thiefcnass Is advanced. Hut this holds good 
only Aw mild dosea, A stronger narcosis Interrupts all 
growth. 

Dr, Ilellhronn also dwells at some length on the mani¬ 
fold mnllfleHlIons of the iiiielel of iinreollsnl plnnt 
iirgaiui and the liilluenee of iisreotlcs on the plnsma- 
eiirrent. Withuid outertiig lido tlie tecbnleallUes of tbe 
dtoeunrioii we may quote tbe following passage: “It to 
ovUent Oat Urn vtoooaUy of tbe ttvtog nbatanca to In- 


rrimsed b,\ liirge nureotie doses, and we buvo known 
also slnre tbe earliest studbo of iinreueto lu pbints that 
H t.ipiciil erlierlou for narmilc niiloii to a decrease In 
iMleiisIt) of renctbiii to Mterlnr stimnll. It is an ob¬ 
vious miilter to bring these two facts Into casual con- 
uni loo Hiid lo nicnnl Nlteratloiis In the physical 
siriniure i>f the pliismH as the cause of tlio altered 
pbyNlobsde function.” 

The deereNse of sensitiveness wiis tbe first thing 
wbleli led to Ihe discovery that llien- was am>h a thing 
IIS iinnssds In plaids Mareti iirovisl ns far back ns 
IH4S Ihnl the uiluiosa miwsl lo Im> sensitive Dialer the 
liiHiienee of ehliirofonii, and the next year Clemens 
sbownl Ibid liber bail the same effert. Many oUier 
oliH(>rverH iiotnl tbe Infinenee of nnrentica on various 
tilaiits 111 Inhibiting eurving inoremonts. 

Dr. Ilellhronn ncconnls of apeetal Interest Caipek’s 
olwervntion thnt the geotruplc eiirvliig ■■aiaictty of a 
plant organ to suppremed by a considerably lower con¬ 
centration of a imtcntlc than Its gcotroplc acnalblllty: 
consequently, tborcrore, tbe earring espadty to Inhib¬ 
ited by a udid narensls while the pcrreptlon capacity to 
n-talned iit tbe aunie time. Hence, it to passible to In- 
iliH-e a geotrnple stimulus In imreiSlsed legnmeiw ns 
vvbmw Bsoilt after the sloep-slHte has lamsiil away 
there follows a gvsdrople curving, though Ihe atimulua 


lloiHsI a inso III vvhleli is'ns-iaivlly Is retained while 
iiiollllly Is liibllilliil; the fnllonlng exuiu|ile hIiowh that 
Ihe reverse eiin Is- Ihe eiiso, at bsist for light sllmubis. 
llttcIriiHtn termo retains Its ruotlllly isimplelely In 
iidlilly laireotle llipilds; bur while ll isiiiNlsidly hasteiM 
toivani the sonrev' of light ll has eidirely Inst Its pholo- 
Implc Henslhlllty.” 

.In tiiteresIliiK point to that In organisms which react 
with tile same movementa to different stimuli It Is ims- 
Hible lo lUffereidiate these stlmulUH-moveinenls by the 
aid of narvntlcs, Tims, Ibe uluiosn res|Miuds to a Inncb 
JnsI as II ibs-H In the withdrawal of light; toil, aeeonl- 
Ing to Brileker. there la a certain dose of ether which 
Just HiifllcpH to make tbe plant liiseuslllve to tnneb while 
ri'lalnliig Ha “sleep-aenslblllty.” 

"The Inqiisms likewise exhibit n various sensiblllty 
t«i Iinreiitle lunueiiees. (lentroptsm Is especially easy In 
ehiick. even b> iIishis whleh cause an Incnwne of hello- 
lro|ile H4>uslblllly. The antotroiitama, too, are euii- 
Hlderalily more dllHeult to check by uarcoUes than 
geidniplHni. . . .” 

Dr. Ilellbnuiii cimeludes with Ihe observation that 
Hinee In the lowest forms of life. In tlm higlier ptont- 
foriiiH, ami In Ihe mosi highly orgnidmsl organisms Ihst 
exist sensibility tu exlenuil sllmull is deeresfwd by the 
smile iinmdlc ageuts, this constitutes an argiimeut In 
fiiVTir of tim view thnt there Is an esseidbil simlinrity 
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Caymonh wore portiruUrly plontiful in the Upper 
nertiffiie.v- of the ovil-liHikinK emitum lay on 

the eanil iNinloi, with wide-open mouthii and etarinic 
gUMy uyiw. A fnnge of tn'eii Hniikod the water through 
whieh we eoiild «eu llie liuundinm waaUw of panlanaU 
beynnd; lroo|»e of hlui-k howling munknyii ainbliHl leiii- 
urely away an the Nial dn<w near, and a eper-ieH of eiirioim 
Hiay-throated parrakwl waa Iniihling tn'mendoiiH neata 
in the hraiichea; neeiiHiniially in the auine tree lhm< 
were two nr three iieHlK iwh Hevirnl fei'l in diameter, 
whieh Ihu hirda were eiiUTing mid li>aviiiK like Iho'h at a 
hive. 

Sun l.iliH de Cfui'rea wuH n-iu'lieil January l,')th, and 
at noon the next day tin' "Nyoao" weighi-d aiiehnr 
again and laiiiitiil Iiit iiiim' iiit-alreain. That night we 
reaelu'd a ainall Hlatuin known aa rorlii Caiii|)o, and aa 
the river wax tiai Kliallow to jiermit the Hteainer to oatH'lid 
further, our elfivta were taken aaluiro and lenta ereeled 
for a temporary eaiiip. A few daya' hunt at thin point 
nwiilled inanaildilioii to theeollnetionof tapimand white 
Upped imn-arieti xhul hy (Vilonel linouevolt, hoiidiM a 
gWMlIy amount of xmaller material. The prexervation 
of the large x|iielnipna waa wimewhat of a problem a* 
the tiiiin at our dlx|XHial waa wholly inadequate, and 
there waa iiraetienlly no availalile native help. All the 
■kiuning and preparation waa done hy Komiit Kimmo- 
vnlt and the writer, alUiough at tinu« \ aluahle naaiataacu 
waa itmdtToil hy Mr. Sigg. 

January lllth found the exiaxiition alautnl a launch 
(om> hiialkiaid had preceded ua) Htniggl>UK*>WUiiHt Ihn 
awifl eurrenl of the Hepotuhu. A heavy lieiiaehnal full 
of provixionx and luggage waa towed alongnidu and wo 
made xlow progrexa. Thera ia an end to all thing* of 
earth however, and tlm end of our river journey r«mo 
on January Itilh, We had reocluxl Tapirapoan, the 
furtliiwt niitpoat on the fnintier, and immedlaU'ly pre- 
parationx were htipin fur luir long diiah ai'nmx the 

fhiipod on of Matto flnawo _ 

* yniiti ihi' Amrrtoaii .Muaruni Jmrnal. 


Tapirapoan praaented a aeene of fealive gaiety upon 
the arrival of the expedlUun at that point. The large, 
open aquare around whhih eluatared the low mud-waUad 
buta waa doeormted with linea of pennanU, while the 
Amotloan and BraaiUon floga fluttered from tall polM. 
Klag ralalng and lowering waa olwaya an bnptWve 
eeminony; everybody lined up and atood at attention 
while the baniun wete aolemnty tniaed or loweied. na the 
tuww might he, to the ataina of martial muxle, 

A large numher of honm, mulea and oxen had been 
gulluvixl from the aumiiioding ixMinlry; the army of 
nallvex or eamaradat wlai were to have charge of them 
and the impedimenta, had axeembled, and tho ward- 
nuimx were flllod with oaani ami haga of previnona and 
*<quipmrnl. To niganiio properly a I'avaloade of xueh 
large propnrliiina required Mima little time, hut within 
xix day* of our arrival order liml lioi-n nwUired out of 
eliooa and tho flint detachment of tho nximtithm alarted. 
Thix Included all of the Amerirana, and aeveral BraxiUana 
to wlioxe number lieiitenanle Jidbi l^rra and Juaqaiu 
de Mello h'ilhn had lioon added, (faptain Amllnar waa 
to follow the next day with tho reminder of the caravan. 
Thlx diviaion of tho party waa alMolutely nooetuary an, 
on oecounl of the great quantity of men and antmata 
required, the expedition would havu heen unwioldly if it 
had attempted to move In one body. 

The flrat day'a ride amt a abort one. Karly In the 
morning the men atarted to load the paok anlmab, many 
of which were apparently fnah from the rapoh and had 
never been broken Ui work of any kind, au that thise 
wae a good died of eonfuaion at flnt. But gradually 
the men bwiame more adept at their work, the muloi 
and oxen quieted down and HUIe aqnada left the oomla, 
wound up the trail and diaappeoreil in a cloud of dual. 
We did nut follow until noon. Our moonti were good 
Htrong animala; we hod both honee and mnlee, and com¬ 
fortable aaildlea were alao provided by tho Braiilian 
<'unindxalun. A four boura' oanter through bruah and 
ferret-eoverud uounlry brought ut to the Heputuba again, 


quite wme dfatanee above TapiraiioaD, and we wqinad 
^ itnam on a ponfaxm feny made by Uyliit a phtfom 
of boarda awom three dugeut eanoea. There were a 
number of new palntrleaf homH im the riw bank, an 
there were ured (or the nlght'f oamp Initead ef araettDg 
the tenti. 

Next day we were In the reddle by nine, iMing tlnoitl^ 
ton virgin toreat wltii oocaaional ctretohei of aand] 
in whieh only low bnihea grew. It wu evident a 
penetrated farther into the interior that the (orert 
waa faat diaappearlng, to be replaeed by the vait 
padao". The heat waa intenre; then waa no tain, 
tiDutilcaome ineeola were lacking. At three o'eMc in 
the afternoon we entered an old denring. Tann«ly 
rice, plantaina, mamUoM'* and earn had bren ooltiTated 
hem, but now tho {daoe waa daaeited and o v n t gwnr n 
with wiieda. KUomeler 62, na the apot wu enlled, had 
been an Important camp of tho telegraph eommtMfcw 
while work wu being pnoneuted In that region, but had 
long ainoe boen abandoned. 

On January 23d, a 32-kUomeUir ride took ua to the 
alte of an dd Indian village, known u Aldala guelfflada. 
We were adhering nioedy to the telegraph Una, following 
the wide Bwathe that had been deared to proteet the 
wine from falling treen and bianohes, except when a 
abort detour wu dedrahle to find a better orerelng fur 
■omo amail ataeom. The oouutry wu of a gently un¬ 
dulating nharutar, eovered with wiry glare and a very 
oporw growth of atunlod, gnarled Irvea. TMa vegeta¬ 
tion te typieol of the thapadao. With the exoeptton of 
a few imall den and a number of blrda (woodhewon and 
jaya) then wtxe no evidenoea of animal Ufe. A dau, 
cold qolng rippled over a pebbly bottom near our night’a 
oamp. It wu the laat atreom we diould aee which dia- 
ohonred ita water (via the Hepotuba) into the Rio de 
la Plata syatnm. 
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CoIiiimI H f^oa hfd amploya^a innnlMr of notor 
<Ma b oeaoiniolbif Um tokft^A lb* timrvh 

tt Om oottBtqr, levml of iriileli mro ititl in 
■rriiabu ooaditfoB. It wh thcnfort dMidod that a 
part of tho htaaft ibotild be leat abiad on the can u 
fhP M thatnU panottted. and aa thm would be a wait 
of aavfcal daya whUa the lemaladar of the eapediUon 
OHH^ up, Mr. ChoRia and I went aloiig to devote to 
onOaefliiK the time Ibua mined. Dootor Kahm and Mr. 
Siv aneowpanind oa. We atarted two dagra beyond 
Aldiia Queimada, ftom a point oaOed Rio Mandiooa. 
Than ware three motor truofca, great well-built ma- 
oUnea of Qennan make, laden to their foUeat eapaeity 
* of the 
a them raring 
d of thirty 

mllaa an hour, and freqnentiy through blinding rain and 
daap mud. One of the ean had a fhil-bloaded Indian 
meehanleian who aoemed to be fully initiated into the 
m y Btaciea of handling an automobile, ftom gathering 

when the broad wfaeda mired de^ In the looae mod, to 


We leaehed the Rio Haore, beyond whinh point the 
tnioha eould not prooeed, on the evening of the 38th. 
The river la here Itfoken by a faO IfiO feet high. A* elw- 
whm in South America, we were oonatantly reminded 
of the appalling lack of animal life. During the entire 
three daya retiulrad to reaoh the Bio Saore we aaw (inly 
a few rheaa, a aoriema'* or two, and a number of deer. 

On the morning of the SBth, we otoaaed the Baere 
oa a pontoon ferry, and uaing a number of animala which 
had been held In readineea them, rode the two leaguia 
to Utlarity, a village of the Pareeta Indiana; the Rio 
Papagaio, a clear, awlft atream flowa paat the aettlemont, 
and half a mile away daahea over the brink of a preolpioo 
2S0 feet hl^ 

Tba Fnreoia are a email tribe of aemi-dvillaed Indiana 
who live in enhatantiai hute and eultivate large flelda of 
mandiona, eom and aweet potatoea. Some of them wore 
dothaa while many wore only a breaoh-ebthof their own 
weaving. They alao make hunmoeka and variouaartlelea 
for omamental pnrpoaee. The youtha of the tribe en¬ 
gaged in a enrkma game of fafad-batl. uring for the purpuee 
a hallow rubber aphere a foot in diameter, whi^ they 
themaeivea manufaeture. They eboea eidea and batted 
the baB back and forth anroea a line, with their beada. 
The haada were not uaed, and they diqilayed temarkablo 
dexterity and tiralMa energy at thli form of amuaoment. 
One evening Just before sundown, praotioally all of the 
men Joined in a merod danee. Pbr tUa ocoaaion they 
were elothed in gaudy red head-bandi from which pro¬ 
truded dm brlUiant feathwa of the great blue and yellow 
maeaw: bead neek ohalna and belts, and anldeta made 
of bunehae of ourioua dry aeede wbieh kept up a oon- 
tifutuua rattling sound ae the daneera atamp^ in rhythm 
with the low, walling moale of teed flntas. Theyetopped 
freqiMitiy to drink ekieka," and at Intervals they aang 
the names at their dead wanion and mighty buntan, 
and ealjed upcm titem for gukUims and aaaiataBee. 

UtiaiRy proved to be a profltaUe eaUeoting pUee. 
Many amall lOdanU and a few larger m a mm ala, i o ehi dln g 
a aaft-abdled armadillo eoUnoted by Cokmel Roosevelt, 
were Uken, bceidtM a number of birdi. We spent flve 
daya In the village (Chikmel Roniovelt arrived three daya 
after we did) at the end of wbieh time Dootor Zahm ai> 
^im peiiliid by Mr. Bigg left tiu party and atartsd back 
home, A ihort time later Mr. naU began Uabomewanl 
trip doam the Papagaio and Tapajoa. 

Otiarity had been the lliat telemaph atation in opera¬ 
tion alei« the new line; tite leeaiid was on the banka of 
tho Rio Jnnieiia, Miproxlmately 100 kUometen away, 
and it required flve daya to let^ this point. We had 
been e o mpelled to rednee the amoont of our baggage 
very materially shortly after leaving tim Panola village, 
aa many at the eargh animata had ghmn aut on the 
tnS, Mri dm otMn wete weakenliig peroepUbly. Moat 
helwitBw 



was left behind. The equipment tor eoUeetlng pr^ 
serving qmidmene, unfortunately, had to be reduced alao, 
on aenount of iu weight, ao that we retained only a few 
hundred oartrldgoa and about a doaen traps with which 
to prosecute the natural hiatory work. This teduotiun 
of the impedimenta was unavoidable and affected every 
member <d the perty rither dirMtly or IndltoeUy. It 
was one of tho aeveial inetaniwe where Individnal IntmeeU 
had to he aaorlfleed for the good of the whole rxpeditiiiii, 



Type of IikHbu aanlstant, or eamaradaii. employed by 
the expedition. 


At Jiiruena wc maib- the aiHinaintance iif a primitive 
tribe of Indian* wlio probably repnwiil tfau loweet typi' 
of civilUation to ho found anywhere on the South 
Amerlean euntinent. They arc known ae llui Nhanibi- 
quara. Aa wo ilmw up on tho riviv bank they galluTetl 
about and alanai at the party eurioualy, but bi>trayial no 
Imstllo feelinga. Colonel Kondun hml but rtwiUly aur- 
eeedod in ratalilialiing amiealde n-latiuua with tliem. On 
hia flnt vtail b) the rtiunlry, numbera of hi* men had lieen 
alain by their laiimned arrowa, and they had reaenUal 
hla every atep into tlH’ir alnnighoM; but having laa.n 
immlatently treated with kitulmwa, they hav(‘ liwrnial to 
look upou him as a friend, and aume of tlu>m even a|>- 
pnared to be heartily glad to aen him. 

In ataturc the Nhambiquara la abort, but well built, 
and at a vi^ dark brown iHihir. Clothes are abaolutely 
unknown to them, and practleally the only omamenu 
In their pote awa iun are aMnga of beada whieh they bad 
received from Cktlonel Rondon. Some of the men have 
the noao and upper lip pietoed and wear pieeee of alender 
bamboo in IhsM perfoiationa. Their buta or malacat 
are rude alructum of grass or loavea, and they ■•ullivale 
small arose of inaiuUoca, but wild fniile, game and wild 
honey form the principal Aniclea of their diet. Itowa 


az feet tall and made of palm wood, and long bamboo 
arrowa are used both in hunting anci in warfare. Fre¬ 
quently hunting parties go on long tnmpii through the 
jungle, Biibaiating entin-ly on the fruita of their prowcas. 
At night a rudo lean-to is built of brnneliea, the game la 
rnaated in a roariug Are and oaten, anil then they atreteh 
themselves on the ham ground to alivp. 

We remained a day at Jiiruena to roat and to develop 
fllma. The picturoa taken by the varioua iinmilieiii of 
tlio party form one of tin. liniKirtant roiHirds of the ex- 
imlitlon, and groat rare haa to la< exomiMal in developing 
all expoaed fllma pnimpll.v or they would Im< apiiilial lie- 
caiiae of the hot, damp olinmle. 

The country beyond I lie Jurueiia ia Honiewliat rolling, 
but them la no npi>noml>le cliaiige in llu' vegetation. We 
rode 20 kilonioUva the ftral day, ■•ainping on tlu> lianka 
of the Rio do Koiniga (Frbriiary I0th|. Next' day we 
travelled hut 12 kiIomi-li.n<. reaching tlii.jiiruenaAahallow 

though rapid alroaiii («) feet aide; ..niaHing waa alow 

and lahiirioua aa tliivc waa ,)iily a vi-ry amall ImiUii or 
ferry, f'ainp wa.* pitclual a li aguu bcyimil, on the Itaiika 
of a amall atnsini. .S'ear by wen' aevcral deaiwteil 
tliatcliod hula, and the imnipiinilivi'Iy new gruviai whive 
thnai Braziliaiia, one an army ofliccr, had laa-ii Imriial. 
They had lai-ii alain by the Nhumhii|uara and hiiriial 
in an upright lamilmn with the heiul and Hhiiiildora pn>- 
truding alwvi. the ground The following night, on llie 
liio Frimavtva we aaw Ian oilier gruviia Tile two iiion 
who had laon internal here wen' alain while nalia-p in 
their liaiiimiH'ka. Thia waa the moat daiigenma iiart 
of the whole Nluimhiquara (amnir.v. 

Campoa Koviia waa naelual Feliniary 11)1 li. Kor- 
mivly tho third Iclegraldi atalion waa ha-aled lien>. hut 
It now atanda on the Itio Nhamlnqiuira, a league away. 
We wore on tliu lamler of llio gnuit Cemi dcNorto, a vast 
Imot of country i-ompnwal of high, linikeii platoaiia or 
inosaaeovonHl with luxuniuit graaa. Mnny Hinall aln-ams 
flowed thniugh deep gorgea, uiid iiour armie of the water 
laiiirHos, tall iloiiao foreal gn'W Tho will ia ferlili' and 
would pnaliiee enipa of mrn and riix’, onltle m gTeat 
nuinboni eould Imi niirod im the exIeiiHiie nieaua. and tho 
olimato is laiol and healthful. Then' an- fi-w porlioiia of 
South Auiemuv m> well aiiilial for eidimi'/ation hy Kun>- 
peans, but on aoeoiml of llie remolo liM'alioii anil the lack 
of means of eomniuiiicaliim, it. will ho aovoral dooadea 
lu'foro thia vast and frmlfiil n'gum will iMxaimo inhahitod. 

AfU'r leaving the Cerro do Norlo, Kehniary Zld, we 
again entered chnitailao eouiilry; hiil the wiry graaa and 
aluiitod lri>os were gntdiiully being Hiilienxalod h> foreat. 
(Jecaaioually all other tegi'lation gu\o way to large areas 
of wild pineapples. T)ien> wive many wpian' mile* of 
them, braring fniil whieli was amall hiil of dolioliiiis 
flavor. 

We added few apia'iiuena In llm (xdlivtioua aftiv leav¬ 
ing Uliarity. Animal life waa not ahundunl, and llm 
rapid iiaee at which the ex|MMlilmu was iumtH'lled to 
move left no lime for eollivtiiig. Al Joad Hoiiofaeiu. 
wliH'li waa n'oeliial Fehrilury 2:id, an inlen'sting nalenl, 
aomewlml nsH-mhliiig a giiphiv, waa taken In onlor 
to aecun< the aiiigli exaiiipio it n-quinxl a half day'a 
linm and aaaialania' of llvi' Nliamliu|uani. A reward of 
liunehea of eorai la'oda had laa'ii uirefed I he Indiana if 
the animal waa aeeunal, ao they iiiimialiatuly lagan work 
with Hlmna-nod atieka and with I heir liamta. liy noon 
they hml exeavaUxI It) eiihie tarda of earth and won thu 
jirixo. Till' ■'XlMalitimi hud gone on ahead lull waa oter- 
taki'ii III the oveiiiiig. 

At a camp named Siele de Si'temlin' the two diYiaioiia 
of Ihe expialilioii won' n'lmiled. Ciiplam \milear and 
Ilia (larly liud arrivial a day or two la-fon', and a halt 
was made to ditide tho equipment and pniviaiona Im- 
Iwu'n wlial WIVH to ho the Diitidu and (ly I'aranA 
parties. Tlie Itiii ila Diitida waa only 10 kilometers 
away, and uu Fehniary 2Tlli we aluod on the bridge 
that spans tho riter and watched Colonel KiKMOvolt 
and hia (larty in anven I'ams'S (liaaprM'ur down the alream. 
('olonel litaaievi'lt wii* aerompunied hy Ins eon Kennit, 
ColoDsl Kuiulon, Lmiilenant lo'ra, Mr. Cherrie and 
Dootor Cajaxoira, and llflivn natito usalstanta. 

The Oy I’aranA party was eomixMiHl of Captain 
Amil(<ar, Ijeiitenant Mollo, a geulugial, a taxiderniiat 
and myself, la'sldea a nilinhi'r of luttivi'A. We tratelnl 
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throo days longnrlormditheCoiiiinmiorBCBO 'liioipol 
was rallod Bant) di McIrbco aiid marluxl praiticaU> 
the end of thi telegraph lini The tnp ftxim Papireiioan 
tu the Comm) muraeao had rmiuired exai Uj 4U dayit 
the diHtani i ts ^ipmximau ly 'MM mill» Many of tin 
path ammals wire m inieh piMH- foiuhtnin that llirv 
had to lie sluit It is imiMMsiblo to my linw many ha I 
b« n lost oil Ihe wa> hut tin niiinlH r was viry large 

llarao di Melmo m imd to Ih IIu Id adiiuarure of 
annuying inHwtii an I disitoiw Miiut of thi handful of 
men at work on the Ulegraph Im i wire ill with fovor and 
bonbon ami tluiro had bei n IwoUo dealhii jumI Ik fore 
our amval 

Wi had oxpoetod to llud oanmi awaiting us hut as 
thin wire none the inon lut down a tree of ample sui 
and iMgan making one 'This work wiLSIimaUd would 
require a month hut attei a wait of two woi ks a largo 
saniM amved fniin ilown tho nvir 

Thi tuni at Damu de Molgapu was profilahly if nut 
fih aaantly spi nt All about thi httli i loanng ruMi thu 
atati ly Amaiunian f iresl providing admirahlo i ullis Ung 
gniunils Many hinis and mamnials wire takin all 


niw U) thi loUnliun The latter inUudod an iin- 
iliwnliablo iipiilir monkey and a sakio of a new genus 
Wi startml ibiwn thi f ommAmoraiao Manh 13th and 
travolmg rapidly with the i urrent reached Uie Pimiento 
Hueno Ml luluini ten Iwlow, that night The jum turn 
Ilf thi two mire funne tho Oy l>aniU 
Till (ly l*Bnni at itu very beginning is a mighty nver 
B Ihuusand yards widi and day by day as we rai od with 
lU swirhng tornnl wt watched its rapid growth until 
near tlie mouth it rea< hml a bn adth of at least two miles 
The I ountry on lioUi lianhs is heavilv foreeted and along 
the upper noursi is inhabited hr a tnhe of Indians wluob 
ha I been aheolulidy unknown Wt were the flnt white 
men to eei them and theiy hnd nevtr wen white men be¬ 
fore In appoaranoe they differed greatly from their 
ntighbon the Nhambiquara Wi mu seven all men 
and Anally induced them to aieupt gifts of biads and 
knives in return for whieh they gave us wonderfully 
deintatid sirows six feet tall 

Ihe (ly l»aranA aboun ds m fomudablo raphb like 
Kshl s Hontta Am n au monksy with a biiahy tall ami a 
I iff r hat hair srvaiiil the lte» 


many South Amsnean nven, and wn had niiiMRMU ow- 
land portagia the knigest being abont thma ndee, 
around the falls of Mo Vloento Insesta are abnadMit, 
and lha whole region is a vaat breeding gnrand for 
malaria A number of rubber camps an dtoated on 
the lower nver the forests bong neh in hevea We 
reaohed Manaoe April lOth, hnvuig stopped at CtUmt, 
a station on the Madsira, for a short peci^ of eoQeotuig 

As the Dunda party had not amved, I almost hn- 
mediatdy left for the Rio Sohmoes when several Weeks 
were spent to advantage adding to the ooUeothms 
Among the large number of specimens eofleoted win 
agoutis wmiUy monlrays squurd monkeys, alotka, 
many small rodents snd squmUs all new to us, and the 
iHimpIute material for a group of hoatsus or UsanMntds 
was also ooUected The oidleotions now numbered 
about 1 500 birds and about 416 anammala praetioally 
sU of Npomes unknown to us and some of whieh are no 
doubt now to seumoo 

Colonel Roosevelts party reaohed Mansos the last 
day of April but the story of their sxpenenees on the 
uiuxplored river is tuo wall known to warrant review 


Wireless Transmission of Energy—11* 

An Explanation of its General Nature and Relationship to Transmission by Wire 

Bt Elihu Thomson 
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III in sniHUHc llml the hnn,t lx p 'Itlii nt the I | 
end uweniailly tin iiiirnci luluw mil hiii rnuiidliii. tin 
lunsl will be iiii,ntlii P IcLtiuntatk IIiiim will i\tiiil 
fiiim thi lasHt amt isiriliiilarlv from tin iipaiiolun nt 
the toil down |i Ihi inrths amfscc In all ilInHlI iim 
sruuiid tlie uiitiima uv In thk llgiiii I In iiiidliini 
aruuud the mihnua will hi Mlnaacil ilmti Ntatiuilli 
iIlls would be all piuvlilcd the (.hnri,eM win alatl iiiii 
but Uic ayatciB wc an. onaldi rln* la ilviiainic Tin | liH 
ihsige la replsicd by a niliiiiM ilian,! at tin 1 | ii I a 
inrrent uf a high frequency luns up and diwn thi an 
liiiiui but so sInu dtsH Ihla curnut ivtend Inl Hit Ma 



ng iiA 


radially from Ihc fiait of the antenna reptailng Hu 
negatlvsly charged ana by a poatUrcly ebstged ram 
as It were, while the tup uf the antenna la nuw uega 
live where It was formerly posItlTe (tig 21a one aide 
inly abowii and Fig 21b In plan ) 

As thin actkiu gwa un huwiicr (he runt of charged 
lurfSce widens and ether wan a are so to apeaW di 
lached from tlie anlcuna and eli-ctroatetlc lints Join 
now tbruugh Hie air or edii r alnivi (be auctisalvt soms 
which anrronDd the unhaiia an gnat clrtlcn oi AaC 
rings of the ata aurAiii A plua area la followed hy a 
mlnuH a minus by a plua cti and tu liiilliale the effect 
III Hic apaci above we draw llnia wlikh follow these 
anas exlendlng up Into tht ithcr aliove the surflce 
bat moving awni from the antinna with the velocity of 
light I hi muvlug Lharges In Hie aea surface represent 
radial iiirnuta which are lu oppoalte phase at different 
IMirtlonM Ilf the sea surface and apreadlng at IMOOI) 
inlliH iier aecuiul aiidtheaecnmiita UHennarlly geoeratt 
magiHliNm ir Him a uf magni.(l<. force in the medium 
illreitll ah ve them Iheae lines esleiid areund In 
/iiiMH wllh illniliilHhIng liiteiisK) upward from thi ma 

* Iji II r 11 11 r 1 h niH n iirli ral by pi iml al i f tl i 
S tl 1 il >1 III llgll As I II a Niw \ rb idii r ilal n 
r r liri M lEvr rii Auuiiim wuiiisuest by tl and i 



nil Ills 


Hiirfiii na till diataiice from the aurfnte liairaaoM 
I Mil within (III water Itailf a niuillar action but more 
iiriliiiti-d laliM iilnii tin ihergea tn the water aie 
t miiritid by ilistriMtatli Htreaa lliua and (bo cumpin 
satli k mannetk Held fulluwa (hi ciirm t hut this 
iinilii wntir ilfeit diia mil coiiciiii us as whal wi 
w Ik wllh is tbi men,) iiniveted In thi iIwimi abuii 
Hu wn Ibi ulhir not being an easily leiovirabk 

Jbi Hiatim as Ihua far i aialllulel la imiely sn ar 
IIIIIM aunt fur ibllveiing ciiitgy lu hlkh frequency 
waiiM lu (hi wldcwiinnil medium around the antenna 
llien la n mhitlii aitloii whereby It la fiMuaed any 
whin It ts tm a \ >ki trying In tiu wlldeniens It 
iHii U pbkid up OI nvobiilsed In any direction by any 
III who la within raiigt If now wi aie lo recelie 
slhnals Nuih aa are maih by lutenuptlng or dbilaiblug 
It Intinala tlila ayateui of radiation of energy an In 
itdinary titehiaphy we iniiat ait up numewbira a re 
eilying uppuralus wblili will eimble ua to pick up what 
(ttr auiall fraction if the inergv reschea It nnd if 
I iswll II a hOlAiiiut fiacti n of <tiKb iiieigv fti the m. 

I t,nlili II I f Hie algimlh It the signal tan la retugiil/i>il 

II laiiUir how amall Ihe fraition of the imrgy miit 
out Im which we colleil at the recilvliig atiithiii—tin 
wialim aiitieeila Ihtre la lioqmatlun of cflliieiit trana 
mlaal III HM tbiri la In tbi i rdlimry power tinimmbnlini 
ajatiiiw Jbi latter aie for the (ranamlMiloii of inergy 
wllh aa little long as pusallile the furmir for Hie trana 
lulasloa of algnnls only 

Id the antinna tranamlaaion Jnst lonaldered It Is as 
Hiiniid Hut the surface of the eerUi la kcnerally siMik 
III), a giaid ilcdric i nductor the aurfaco of the sen 
la MuOkkiilly good Hry land aurtaci bowiver la nut 
a had iQiidmllng niuit and even though mulat II la 
unirally no Irrekulailv unidutllug that oblllcratton of 
the HKVCB and losi <r alsmriitJon of Ihe energy mitaf 
neciaaarlly occur Obetailea auih aa dry ra,k ranges 
nuy abaalutoly prevent the wniea from passing over 
thim It must bo borni In mlud that these warea have 
uo Inertia oa such and that the energy moot be gnlded 
tu ItH di atlnatlon ly a euialuetJug ahoit Phis calli tu 
mind (be efforts that were nude to connect I^nn and 
Schenectady by a wireleui ayatom but without aurreea 
Ociaalunally aignala wen received but in gwienl they 
were too Indlallnct to lie nsognised It Is more than 
prubablt that the dry rock raiigea of the Berksblraa In 
weatern UaasachUNetU were sniHclent at an obatacle to 
prevent the energy of the wnvis getUng acroM them 

It la alao to be questioned whether there may not be 
another action which Interferes with and diaturbe the 
liitigrlty of the wavaa It la eoncetiabls that waves 
may follow a water snrthee even anmad a cape and 
Hut a portion of the energy may Uke a short cot 
uenmB the land of tha cape If this be so the longer 
lonree would be around the cape the shorter oonrse 
BcroRB the land. The wsTe-leogtha would remain the 
aimo and an oat-afpbaaa ralaUon or tnterfereiiM 
pbenomenon would take plan to a grsatag or Raa es 
tent It la manlftetly neceasary that the eiwiir, ^ 
whatever cminc It follows shall reach the raMvliia 



nuy hi iiinnldiiod as Aat Thi aindiicttna sheet gold 
III), tbi enirgy la Hal or plane but at great diatauon 
Hu curvature of the raiths snrfate becomes an Impor 
iDiit fbitor bur a time there was a great dnl of din 
1 iihMluii an to Che raiNoii why the inirgy In the wlnlesa 
liniisniiiMlun netinid actuuHi to follow thi inrvature of 
Hicinrtli liuliad it going straight away as in thi case 
I f lleitslaii or heat and light wave* If the waves bad 
lss.li kineruted tiy a large Ilertshui ascUlator It wonlil 
III t Im ismslbli for them to ho follow tho earth s enrva 
luri but liiBMmuch as they are In wlrelaaa work pro 
diired and as It were putdUoned niiun ■ conducting 
Hbisi (the sea earthic) theu It follows that the energy 
must be guided by that conducting sheet or surfsce 
iigardleee of Its extent or Its curvature 1 have never 
iNsn able to andcretand why no much dlninsston has 
Ueii needed to clear up this point Wlrelew waves havi 
no IneiiU—they follow the course of the chargee which 

I ruduii the strew and of the magnetic Aeld dne to 
these charges tn motion These charges In motion are 
the currenta In the conducting sheet, whkb may or may 
iH 11« curved In (be carved snrlkce of the oenn the 
/< IMS of Charge lonUnDally expandliub "I’d mlnnn 

II iqieetliely urc still connected by the electrostatic Ums 
hIiim them himI the moving charges MtUI generate the 
HaoH mugiwtic Held as they traierne radially or outward 

I III Hie ciiiiisl Instead of the plane sheet (Ftg 22) 



Fig 12 


nnd tbia curved conductor etlU gnidM the energy, Jut 
ns the wire does In ordinary transmlarion It would 
Miem if tUs Is the correct view that at a dlatanee con 
parable with that of t quadrant of the earth t dAcum 
fcrence the form <a the wave would be inch ee to cause 
the strese llnee to leen bsokward with CNpeet to the 
uurfac^ tendliif to keep their original tMaUon to tha 
Ua lomlttliig antanua aa they ware detadied thereftom 
(Vig 23, at A) Thla aseunM that the velodtj at 
tranomladon la tha same aa that of tha speed of light, 
both for the eurrepts In the ata and for the itrsaam 
above It 

MaMonl'a enoeeae ae a wlrdtoa ptwaar dapaedad 
largely upon the dioioe of a euBolMitiy aendave ra- 
oeivar Two al eweat a an neoaneiy tu the roedver. 
ntat a eonductiiig atrnetwu w6lA fdheci op Oa 
energy ftoai iftt madl wa, tM ethar, abova the aarth'k 

nmana foe dataeUiig tha dtghfost dtaapN of daetrtaal 
ooBdltl«ii.iiotimiyaetsaMhywkatlttaaMM0lit4- 

adfM. hit M It ttM « ou OMMfe I rilMl 
wMAdwtoiMiwiMMli thnqr tt*iwgMii^«|i 
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tnu in • vditlual emdiieUiic niait or ellg^ Ilka 
wading antenna. In fact, tlie fanctlona of aonding and 
cacelrlng an Intoccbanmably uwd on tbo wine alruc- 
Itin; the nme antenna may be at one time naed for 
traomnlttlug and yt another time for receiTlug. 

The jyeelTliig antenna (Fig. 92) aervea te relieve the 
electrootatlc atraoa In Ita vkdnlty, mneh aa a lightning 
rod may act lo relieve dund to enrth atrenaea. If Ita 
dlrecthm could be made to follow or be parallel to the 
aetnal courao of the trauamitted llnea lii the apace near 
It, It wonM be moat effectire, and If, further. It could 
egtend aldewiBe over a coiuitderable extent of the ware 
front. It would gather op mote energy. Three condl- 



IkiiiM, however, con at beat be only approximately met 
If the receiving antenna were of anch a diaracter ua to 
bare no oadUatloo rale of lla own (a damped circuit) 
It would receive energy In a email amount from the 
trauamlttlug antenna Independent of the fraiueiuiy, but 
aa thiM would In moat cuaea bo far from aufltdeut, It la 
dealmble to accumulate energy In the receiver from a 
train of wavea at a dellnlte rate. To do thla the prin¬ 
ciple of oyntony ur tuning la brought In. Hveryone la 
familiar with the two tuning forka, where ooo la 
Boonded and thn other la placed at a dlatanve away. If 
the two forka are not In harmony, no effect of the one 
fork on the other felluwa, bat If they are accurately tnuod 
la unloon. the aound of oae fork at a euualdcrahle dlataiwM 
from the other atarta the accond In vibration and producea 
an audible aound from it The aecond fork la, tii fact, 
a atructure particularly well adapted to gather up the 
energy uf the aonnd wavee which reach It, receiving 
from each wave a araall portion of energy and acenmu- 
lating ouch energy nntil the fork itwlf la brooght Into 
imliwhle vibration, By applying thla principle In wire- 
lew telegraphy, thnt la, by causing the rate of vibration 
or frequency of the electrical waves to be the same in 
the tranamlaalon and lu the receiving antennie oyatomK, 
cvastmctlng both to po nauw a uomml rale as It they 
were to be dectrical tuning forka of tba same pitch, the 
amplitude of the received impnlsea la ao greatly lu- 
creoaad that slgiml strength la reached where otherwise 
failure would have lesultcd. The ooe thing which baa 
cliaractariied the more recent advances In wireless 
telegraphy has been the accuracy uf tuning and tbo re¬ 
moval of dlaturblng Influencea which would Interfere 
with the tuning 

Formarly the trunomlltlng circuit wai excited by 
nieuua which tended to disturb the actual normal rate. 
If exdted Inductively, the Indndng or primary dicolt 
bad a rate of Iti own, wblcli was apt to Interfere with 
that of the vlbratiiig antenna ayatem. Howevar, what 
Is known as loose conpUog (Fig. 20), Instead of close 
eonpllng (Fig; 10), to the primary or exciting clrcnlt 
canaea inch eonfuahm of rates to be nearly negligible 
If, partlenlarly la the exdtlng dieolt, the enrrent la 
well dampsd, aa It is termed, or conflned to a single 
bflef Imputee as far as possible. In anch case tbe an¬ 
tenna drcolt. In tranainimng, acta oa It It were a bell 
struck with a andden qnlck blow, and It vibrates at Its 
own rate without dlstarbanoe or Interference. At the 
aeodvlng end (and there may be, of mmne, many le- 
edvers In the apace around the uansmlltlng antenna), 
the “Uatenlngdn” procow eontdata In adjusting the rate 
of vibration of the reedvlng drenit by variable con- 
dmiaera or Indnetaneea, ao that the maximum londnew 
of the reedved dgnaia U attained. Tbe two oyitema, 
tranamlttlng and receiving, ore then In tone. 

Aoenracy of tuning la evidently vwy Important It 
ftattoM an to be almnitanaoiidy transmitting when 
naar tofatber, aa only In Oat way win one station asnd 
out energy wUhont laterfafbii with the othar; the par- 
Uenlgr raedver for which the dgnaia are Intended 
hdng toaetf for Oie paritenlar tnttnna acodliig theat 
dgnaia. m «lta of the accnrei^ of tadnft however, 
hlgh-power eletlona may, In fhot, eaeae high fn q nwicy 
, wavet of Ugh poteaUal la all anmuidlng wire or 
i dtcal ehnidaree If atar WMgiL Bera ovta, or area 


trie cIrcuIlH null electrinil apimratus likely to ls‘ liilcr- 
fi>rp<l with or lujurod. 

It may he here isMiitcd out that the limit of iKilenllsI 
which Is avsIlHlile lu wireless trnnsmiasloii Is the hhiiir 
us that of Iniig dlatnncc trausnilMilnu by wire and for 
ibe same (husk, h’alnrnlly. If the imtentini on the Hciid- 
big aiiteniM can bi> rnlsetL Uie smount of energy which 
ran be put Into the wave Imimlscs will be iiirreasnl, 
lint timre coinra a Umo wlien nu lucroaso of isileulljil 
nil the wires uf tho aiiteuiin gives rise to a curuiu luss, 
much as the Increase of pcdoiitlnl lu wile liaiuinibadoii 
pnidnccB a corona luss. The condneturs of lh» system. 
Ill such a case, are snrrouniled by a blue dlschargt* 
which 1 h even visible nt night and which froqueutly can 
be heard. When Ibis cotidltioii Is rrachisl every further 
Increase of polciitlal simply Increases the curona Usis 
without lidding correspoiidlugly lo the energy traiinnts- 
hIuu. Just HH In wire trnimmIsHlon It can be avoided by 
lisnvasliig the diameter of the conductors, so In wire¬ 
less work it could tie avoided by constructing the un- 
timiia system uf hollow tidies with smooth exteriors, 
uisl the liimglnutloii may tw imrmltted to depict a send¬ 
ing tower of polished motel surmonntod by a sphere of 
similar uinlerinl and worked at millions of volte. No 
limit coil Iw set to tho amount of energy which might 
thus be rudinled, and no limit os yet can be set to the 
dlstencc aroimd the eerth to which signals might be 
sent by hikIi means. 

(hie enrioua fact which has been developed In the 
work uf wireless slgnaltag Is that daylight, especially 
Niiiillgbt, Is very detrimental to trausmlsalun as com- 
lurcd with the night. That Is to say. If the wireless 
waves are to traverse the sea surface In sunshine, tbe 
chance of receiving them In aufllcleut fun-e to produce 
algnals at greet dlstencea Is far less Hum when they are 
sent at night. It Is probable that Ibis difference Is not 
due to any alaglo canae—It may he Ihe effect of a com- 
blnatlou of causes. It la a notable fact tisi. Hist thla 
difference between the effeetlvonoHs of ilsyllght Irans- 
mlsalnn and night transmission Is accenliuilcd at the 
higher frequeiw les. 

Though tbe cause is idUl somcwhnl (rissnirc, we mny 
venture a suggestion or bypotbrals which may have n 
lienrlug on the caie. Referriug to Mg. Zi, we have tried 
lo show tbe condition. Tlie eleriroetalte Held at the 
water surfuee at the same limlunt Is, as In Fig. 21, pr«e 
duced lu aones around Ihe antenna A, spreading with 
aidiroxlmately tba speed of light It Is well knowu lhat 
nnder the action of the violet and nltru-ylolet rays of 
tight any aurface having a negative charge will leak Us 
charge and loulie the air near It Thla may occur lu 
Hunllght over mh areas aa are marked mimw In the 
figures, and tbo several mlnns signs wwild mark or 
liidlrate air lonlxod and negatively eleetriflcd over thn 
negatively charged aoues. No action wisilu lie egiicctod 
over the pusltlrfl areas or aoues. Riil the annes are luil 
Mlnrionary; they are widening very rapidly, so Hint u 
IKsritlve tone or aoiini takes the place of negative no 
fnr 08 any location la concerned. This may be ex¬ 
pressed by saying that the water surface which at one 
lustaut was negative and gave nut negative Ions under 
the luflucjKe of light would In an exceedingly small 
fraction of a aiicoiid nisi beforn those Inns cuulil get 
away from electric coiitert with anch surface, IsH-nnic 
positive and tbe free loim would uiiw return and iieii- 
trallie a portion uf the positive eharge. Thus the iicgn- 
tlve lonea ur wave elements would lose part of their 
charge to lontae air, and the positive waves would Ih> 
weakened liy such negative leak nentrsllsing Ihcm In 
part This action, however feeble at each wave, would 
he coatlnuous over hundreds If not thousands of miles, 
and continuously damp out tbo wblenliig system of 
waves. The effect would be less marked with low- 
frequency waves, as there would be a pmixirtlonately 
less number of opportunUles for this neutrallsatinn isw 
second. Besides, with the lower frequency there Is more 
time for the separation of tbe negative Ions lo such dls- 
tince from Ibe water snrfhce that they do not iumhlne 
with the positive charges, lielng, as ti were, better 
Insalatod from them or diffused In the air stratum. 

In Fig. 24 an attempt is made to pirture this action 
of attonnatlon In tbe presonee of light The negative 
charges lu the sir layer, oa In Fig. S3, have no iionltlTC 
charges under them, tbe enrlrctlng Unes about the 
and — signs Indicating combination and neutralliatloa 

When the wIreleaB waves reach the receirhig antenna, 
owing to attoouatlon from iqireading or loss as above, 
they are very feeble. The daylight effect as pointed out 
by Feeaenden, la much less with the lower frequencies, 
anch at 100,000 per eecend ae compared with 000,000 or 
600,000 wares. Ooaaeqnenlly there la not the seme groat 
dlffereace In etrengtii of algnals between night end day 
wwfc with sneh lower frennendes. Moreover, frequen- 
daa of 100(000 or areo 200(000 are capable of being 
generated directly by high speed hlgt-freqneocy dynamos 
wUb tbe added adra^Me thtt thn waraa eant oat an 
iNMalM dt Mr li^ittsia ad tM Ml, u vtOi 


Wlialcvcr the nature of the waves sent out, there Is 
III Hll ctiNCH Hic need of an exceedingly seiudUve appa- 
niliiK fur converting the slight electric effects upon tbo 
n-iilvliig antenna Into sigruilH. The original apparatna 
Ilf Miirwml liieliided Ibe Hraiily colierer, used by Ixxlge 
III lliTUliiii wave traiMnitHHlou hh ii detector. It Is 
liHlIfiilcd In Fig. 2« St wlHi Ite Isiltery imd suuudcr 
insgiHl M. The rucolvliig aiiteiiiiu dlw-hsrge lu psulug 
to esrth broke down the liiHiilalliiii of tbo dlliigH of the 
Iiihenir, so that the loral battery cuproiit could pass lu 
Hic clrcull, Including a magnet if, and ao record the 
HlgnBl. Till? liquid Iwrretter of Fcasi*ndeli, the various 


forms of rectifying crystal detectors and nugnetle i&s- 
Irdurs, Iihtc been extensively used. Our time does not 
is-rmlt u detailed description. Fig. SO Indicates at 0 a 
crystal deteelur rvetjfylng tbe Impulses from antenna A 
MO as to work a hlgh-reslstanco tdepbone receiver T, to 
which llie u|M>nilor listens. Fig. ST shows Hie same npi«i- 
rsluB, but cnuncctMl liidiKlivcIy to tbe auteiiua elrenlt 
by a transformer. 

Fesseudeu found (hat It the succewdon uf decaying 
wave trains reaching the telephone T was such aa to 
linidnra a low note, the slguals were easily drowned hy 
Hxlmncous noisoa or Induced effects, lie found that the 
human car reached a maximum of acualtiveueai nt 
Hlmiit 900 waves of houihI per second, so Hut Ihe sig¬ 
nals were heard dlsLIuclIy when utherylse ihuy would 
liave been missed. This is the meaning of the subati- 
tutlon of dynamiM of about SOO cycles for exdtlag the 
wirolcaa anlennu In place of the ordinary machines uf 
lower trvqueigiy. 

The pnililem of wireless telephony has attracted at- 
leiillon for a number of yean past. I well renuanber 
wlliusedtig some of tbo curlier work of Fessenden lu 
lilts fascliiaUng fluid. In which be was ploimcr. I'he 
wireless telephone speech was free from all itlsturhlng 
nnlses Mid loterfereiices so common on urdlimry tele- 
phoue lines. UrleUy, such teleidioDy deisMids on the- 
ablllly to nmirql the vuloe wavee and vary lu accord- 
aiico thcr(>wUh the energy givcu out by the transmitting 
anleuna and to do lids with a fairly large outtiut ut 

By ciu|i|oylng a method I diwcribeil about 1(4)2, It la 
possible lo generate u conUnuous wave train by shunt¬ 
ing a dinsit current arc with a capacity (condenser) In 
scries with an Inductauce, the frequency rate ile|irndlng 
on Hie cliKirIrul conatanU of these parts of the ap|«- 
rnlns. This system, which was the subject of tho 
I’lillFd States patent taken out by me lu the early nlue- 
Hhs, has been varloualy called the Tiuddell singing are, 
or later the Poulsen arc. Foulseu employed U with 
uiodlOratlous In bis system of wlrelem telephony, [.ong 
before this work of Poulsen, Fessciiden liad used a hlgh- 
froqueiioy dynamo for arcuriug Ihe contlnuoua train 
iienleil. A snlteblo microphone transmitter was made 
lo HO alter tho relations of the waves In transmitting 
and rwelvlng aotcunie, that vubv wares could be re- 
In an ordinary telcplMHic connected with thn 
n^nriug aulenna ayatem. 

Much progress hua been made In this department of 
wireless work, and such telephouy Imtwceu Euru|ie and 
America may yet become practicable. Methods are 
being worked oat whereby It may be iMMsIble to mold 
iHitputs of many kllowatls of energy so as In have them 
vary with the voice waves, and when this Is done many 
problems, tbe solatlon of which now seems remote, may 
become solved and Ibe results prove of groat practical 
value. It was not, however, my Intention to devote 
time to these later researches, but lo endeavor to pre- 
saiit to tbe mind’s eye a view of the nature of wlrelem 
traiuimlMHlon which should show the similarities to ordi¬ 
nary traiismindon by wire and also tho differences. 
Furthermore, I hope I hare shown it to be cvldimt that 
fntnra transmission of energy at high efflolenHes will 
situ demand the wire cure for gnldtng that energy to 
Ita destlnatliHL 

Metric SroteM In the Britlah Pharaiacep«te.~-U Is 
anBouneed In'the U. B. Coinineroe Reports, as a matter 
of Intereot to exporters of drags and ehemioala, that 
Oreut Britain has adopted tiie matrlo ayatem In the new 
BdtMijPtoniiMopwto, thw twgftwnliiff to the nneu 
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Atoms and Ions—I* 

A Comprehensive Discussion Espeeially as Related to Gases 


Th(, Hiilijwt, Hl'Ircti'U liy Sir .1. .1. TIiomHon. O.M., 
V.ll.H., fi)r lii» i-nurw' i)f li-rlumi lhi« xnvwm *1 tlic 

|{(iyiil InMliliiliiiii iH ..I ItHH'un'Iii'H on AUiiiih anil 

liiiw.” 

In liiH iiiH-nniK roinnrkH, Iho 1ri-tun-r mill that In iIIm' 
|■u■MinK Ihi- li'HuIlH (it Homii rmwnl invmtigBtioni inUi the 
pn>p(irlit« of inolntmliw anil iunii, it WM, at thli alaKu, 
unnniiuiary to poinmiml on llu) niuaiiing attaohnl tu thn 
wont "nii>liinili>," Imt it mlitht be firll to ileflno the 
Miiim In wliieh In- hIiiiuIiI nwi iJio word “Ion." Thore wae 
rtwuin hi iMiliiivo that ovory ohnifii of olvotrioity, how- 
i-viir larKo, wan Iniilt up of a Knnt numlier </ unit l■llarRo>', 
all i'i|iuil and miiiilnr, anil that wu nnulil not -do wliat 
wi- wiiulil aulMlixulu rurtliiT lliiw Hinall unite. A unit 
Ilf Klii'tnnily wan aiwiriliiiKly a |Hitfi<otly definite tliInKi 
and by inn wne to lie iindiTHtnuil Mimi<lhin|r wlileh i-arTied 
one, two, or Honio othnr nmall number of thoHu unit 
rhaivee. The eharaobT of the inn wae duterinined hy tlm 
i-harEe earrled rather than by thn iiatiini of tlin liuily 
eervinK ua eurrler. The elutreiM, for uxaniple, iniitht Imi 
earned by inirpuwleH, by atonia, by innleeulin, or by 
lareer nKKreiralioiui; in faet, ]>artieliiH iif diiat aetnil in 
Homo iwi<ii OH ueiniiiie ioiw. tie Hhnuld, an Htabid, limit 
the term "iiin" tu eaiuw in wliii-h (.lie total idiaive oarried 
wan at moat a ainall multiple of tlie unit eharso. and not 
apply it to laidii'H eontaiiiiiiit, nay, one liundnMl or one 
lliuuiiand of HUnh ehat]|i>a. 

Tlie Roneeplion of tlui ion wan dim to ■■'nmilay, who 
waa led to it by Ida reaearehea on eleetnilyaia. Tim 
name waa due Ui Whewell, who wan railed in by Knnwiay, 
aa an ex|H>rl in nnmenelal.ure, to irivo a nniiio to thn in^ 
faiit iilea. Whewell further diatingniahed Iona aa 
“nniona" or "I'atliiona," aeeonlinff aa the elutrge oarried 
waa pnaitive or negative. Tliem terma lutd, however, 
almoNt dropped out of uiai, and it waa now more euntom- 
ary to une the terms "ponitivo" or '‘negative" ion^ aa 
lining bi leaa ohanee of oonfution. 

U waa very dilBouU for thoan who had Unn fondliar 
with the notion of ions ahuoal from tliu ooinmeiiramenl 
of their atuily iif phyaioa to roaliao how ononuuua waa the 
atep nuule by Faraday when he introduoed ilia idea. 
It waa only hy atepplng Iwckwarda, and noting what 
phyalea would Imi without thia noneeption, that one oould 
appreelate the nnomiooa atride made. 

Faroday'a Iona were Iona In llquida, but in Vbia oourao 
Ilf leoturra tlie apnaker intended, be aald, to give atten¬ 
tion mainly to the iona found in gaaea. The atudy of 
iuiu In gaaea waa, in faet, far easier than that of Iona In 
liqulili, and aoeordingly mueh more waa known about 
them, althuiigh thoHe In llquida hwl lienit atudiial for a 
mueh longer time. Wu inuid, in laet, form a niiieli 
aimpler ounoopliun of llio atruetum of a gaa than of that 
of a liquid, and eould aoeordingly euiieelve a better 
pieture of what waa likely to go uii witbiu it. Wu wuld, 
inonaiver, alter mure eaaily tiw oondillona of an i«|MTf- 
iiient. It waa, for example, quite eaay tu reduce tlie 
prenauro of a gaa to one niilliunth of ita origiaal value, 
while It waa not ixawlblu tu vary the eondiUuua In a 
liquid to aiiythiiig hke thn aanie extent. 

In the oxperimenia he propoHod to bring before the 
meuting ho iuleudixl hi nan an elnetipaoupe of a typo 
deviaeil by Prof, /adeiiy, of Yale, wtliuli, for lenture 
piiriaauia, poaaeHMal vwy many wlvoiitagea. The prin- 
eiple of tlie inatrumrnt waa very ainipki. In Fig. 1, R 
deiiiihtl a iilahi nuupled up to oue terminal of a battery 
giviiu: ion volla P.D., the other tunuinal bdog earthed. 
Ill front of thin jilalo waa a atrip of gold leaf 0, whieh, 
it would Ihj Mmn, wan given a quarter twist, ao tlial ita 
edge, and luit its aiiki, adjoined the plate. This gold 
leaf waa euiiplod up to tiui hip plate P, above whieh waa 
u eoUn'tor eooneeted (o earth. 

Oil eiiiipling up the plate K hi the lialtory, tiie gold 
leaf waa brat attnuiUal up hi the plate, and neeiving a 
eharge from tlw laller, waa repelM. If any leakago of 
I'lirrviit haik pinee between the hip plate P and the eol- 
leehir 1,, the gold leaf loat lUeharge, and in uauauquunim 
WM atirneted up hi lliejilato again, to bo again repelled. 
So long, tburetore, aa leakage wsa taking plane between 
tliii tup plate and the Milleohir, the gold kef wouU con¬ 
tinue to oaclllato up to the plate and away from it again. 

A diltloultgr met with in embodying this principle in 
a aatiidiu-hiry inatrument waa the Ualillily of the gold 
leaf to atiek to the plate when it touehod It Thia was 
one reason for inuiinting the gold leaf odgnwlae, but 
even no, were the aurfaoe of tbe plate oloan metal, a uer- 
lain “eiihiger'' action anwe when tbe gold leaf touched 
It, eauaiiig the loaf hi slick and preventing its repulsion. 
He hod found, however, that this dlflloulty could be 
overengBgi b y paa tlng on the plate paper twtad with 
• Kejradund from BMiiaai rt ag. 


Hy Sir J. J. Tli<iinsun, (). M.. P. B. S. 

Indian ink. This waa quite a good enough ennduetor, 
and the gold h«t would not atlnk if tbe ink naed wm free 
from hm large a proportion gum. While advantogeoua 
for leeture piinasM*, the inalniment could, by luilobly 
mljuating the diatanoe between the leaf and tlie plate, be 
made olmoat aa seiiaitivo for laboratory purpoan aa the 
Wilwin elenlruaeopa. 

He aluiuld, he nontinued, use tlio leeture form of the 
Inatrument to lliiiatrate the oidatonoo of ions and aomo 
of their properties, l^haiging up the instrument, he 
showed that with ordinary air between the top plate 
and the nollector thora waa no appruoiablo laakagc, thn 
gold l(«f Iming steadily repelled from the plate. If, how¬ 
ever, the lootiire were to Iwt for a day instead of an hour, 
some leakage would, he aaid, be indlnateil, as ordinary air 
IMManaaed aume oonduellvlty, thuugli but on a very small 
mahi as eompared with the nnnduellvily of gases treated 
in siMinlal ways. ligliting a mateh and letting the hoi 
gases flow poat tba eluelrooMiiai, tlie lecturer showed 
llmt the leaf began to oaoUlate, deiuonslratlng that the 
pHsliii-ts of eomImsUon were oapalile of earrying away 
the i-luugo from the tdeetroaeopo, the hint oscillating 
hMikwards and forwards several times a minute. Another 
mellmd of putting a gaa into the eonduotive atate was, 
he promsiilod, to |muw It over a radlii-anlivn bmly. Planing 
a little polouluni in a tube, and blowing It through this 
tulie on to tlie Uqi plate of the doclroaeope, Sir Juaeph 
Tliiimmin aliowiil that thn leaf waa again set in oaoilla- 
tlon. 

He next modified the (geporiment by passing the 
air, after oxpoauni tu the laikmiiim, through a metal 
tube, having a enntral wire eonnueled to one |K>le of a 
liattery and Its wall coiipkd to the oppoaite ]^e. On 
ita way to the top plate cl the ntoalroaobpe the air Mown 
liver the imloninm had thus to Iravme tbe doettln field 
lielwcim the central wire and the tube wall, and ho Bbowed 
that the air thiia treated waa incapable of allaotiiig the 
nimtroaoope, whik on destroying the deotrie field it 
again ant the gold leaf into oscillation. Uenee the con¬ 
ductivity confurred on the dr by the polonium must bo 
due to aomotblng which couM be filtered out by the action 
of an electric fleU. Thia experiment afforded a oonvino- 
Ing proof that the eonduoUvity in queation was due to 
ohoiged portlolea mixed up vritb the air. That these 
charged parttclM wore manufactiind oat of tile air 
itself oould be shown by making use of a ^aaa veoael 
containing two dootrodei, one coupled up to the eleo- 
trosoope, and the other to the earth. When this waa ex¬ 
posed to Rdntgen rays, the motion of the gold leaf 
sliuweil that the air inaida the bulb had become a eon- 
ductor. On the other hand. If the air wore removed by 
exhausting the vemol, thero was no leakage. 

Holding a llttk) polonium near tho top plate of the 
nluntroeiiape, the speaker allowed that the effect of the 
poliiniiiro was limited bi a definite range. If the pokm- 
ium were more than a certain diatanoe away, the gold 
loaf waa unaffected; while it oaeillatod aetively If this 
i-rilinal dlataime were deoreasod by a few mllUmotera. 

lUntgon radiation was. he oontinned, only an oxtrnme 
form of light, and it waa therefore of intcroat to de¬ 
termine whetlmr other forma of ll^t had the property 
of produoiiig Iona. It was found that quite definite 
effects could, In fact, be prodnaod by Ught, theae effeota 
varying witii tho quality of the Itglit employed. 

Ploelng a piece of pallabod tine im the tup plate of the 
etootrosoope, tho qieakor foeuaaed on it, by means of a 
quarts leiui, the light obtained by aporklng between 
two aino points, and ahowod that in tUs ease tbe gold 
leaf waa sol Into oarillatkm if tiie sine was negatively 
cboigod, but that the charge waa retained whan the 
polarity of the olnotroaoope waa reversed, maUnf the 
metal potitivo. Under tiie oondltiona of the experiment 
tbe metal oould, in foot, loee a negative charge, but not a 
poriUre inMt. The effeot, he added, was due to ultra¬ 
violet U^t of "a inodante ohaiaefaw," eapoUe of paadng 
thnio^ a oonriderriile space in air withont great ab¬ 
sorption and of beiiw foouioed by a qnarta bna. It 
001^ not, however, pasi through ghua, the aotion being 
entity stopped by Interporing a aheet of idais between 
the spark-gap and the quarts lens. 

lUiptafling the linn by a piaee of potUwd bra«, the 
loeturer showed tbe effeot waa mueh lem marked, tba 
leaf oeoUlating much more tiowly. 

Tbe ultra-violet Ugdit, wldnh Unis prodiioed tbeat 
Iona from metals, waa not, the speaker prooeeded, eapabk 
of making a gas eonduotive, bnt there wee anetiur kind 
of Ught whieh had the power of looiiiBg gasee, Tbi>i 
known oa Hchninanp Ught, wm of eKtoenety ibart wnve- 
langtb, X being equal to about 1,900 Angrtton nnlli, 
whOe the Uidit whieh kahed the rine, in flii eg^eriatht 


provioualy ehown, hod a wave-length X of about 3,000 
Angstrom unila. 

Thia Bahomaim light was, Mr Joaeph told, very dlBeult 
to work with, moat bmliea beiiig praetieally epaqne to it, 
and air at Its ordinary preoaure would atop it within the 
diatanoe of 1 or 3 rnUUmetera; henee axpcrImenU eould 
not be made In tho open. In foot, in the experiment 
with sine, Hehumann light wae aetueUy prodneed at 
theepirii-gap, but was lU aheorbed by tho samuadtiig 
air,' and to get any effeot fiwn it, it would have been 
necMaeiy to hnve had the plate alroMl in oontnot with 
the spark. Ho far aa he knew, white fluorite was the 
only aoHd raaaonably transparent to the Behuiaann nyi, 
and in this respect the fluorite varied much in quaUty, 
Bumc aiicolmcna being much better than olhcie apparently 
idcntk«l. (kilored fluorite waa uaeleoa, 

To produce the Hohumann light, he could use a tube 
devised by Prof. I^onan, and repneented in Pig. 3. ' It 
conaiated of an oshausUxl liulb, divided into two ooin- 
portmonts, communicating through the eapiUary tube A. 
Around this tuUi waa arranged the ring elenifoda B, 
the other ideettode lining at C. The top ct the tube waa 
oovered by the plato of white fluorite F. On eoupHng 
up the tube to a eoU, a dlaoharge of eonrideraUe Inteiiaity 
pasMd through the oapUlory tube, and Hohiunaim rays 
were given off, which paaaed through the fluorite plato. 
Hotting the ooll In operation, and blowing air acmaa tiw 
tup of the fluorite plato, Hir Joseph Thomson showed 
that this air waa loniiad, and waa callable of diaebargiiit 
an clentroaeope. The great opacity of air to the rays 
waa almwn by dcfleotiiig the lilaat k that It pame d aomo 
few mllliinctcre above tho plate, in which caac it acquired 



very little oonduetivity. A ^oartx idato plaeed on top 
of the fluorite destroyed all aigns of oonduetivity, the 
quarts being opaque to the Behumann i^. 

This ionisation of gaaos by ulUa-violet llid>t touehed, 
Mr Jnoepb said, on a most interesting port of hia aubjeot— 
via., tbe oonneeUon between ordinary light and Kbnlgen 
tayi. Tbe UUef hmlied all gi^M to some extent, while 
he thought pure helium would be immuM to the aotion 
of Hehiimniin light, heUum being, in foot, one of the hi^ 
est of an gaeea to ionlie, probably juat outel^ the Until 
at vrhleh hwisatkm by tbe Behumann ladiation waa 
praetleable. 

There waa, he raid, ttiU another method of producing 
iona in gaoee. The gaeea given off by heated metals, 
ware, in fact, kmliad, positive Iona being produeed 
Rwinly at low temperaluiea, and negative onet mnlnly 
at a white heat. 

[Non.—A correqioDdent of ffnglMerliif makM tiw 
roUowlng comment: The lectnrM now proeeedlng at 
the Riqrat Instltatloa recall tbe aobject of rteom con- 
ileiMBthHi, where tone form the nueltd, which appear 
the ml Ineentlve to steam to condenae upon, ne ler- 
uiid of HIr J. J. Thamaoa'a lectnm aqpaolally la preg- 
niuit wltb thia partlenlar phenomenon, and I fonoy to 
see again the future eieoirleal oohdeiiNr tor iteam en- 
kHim or turtilnca, vrhleh b mdtber a smfooe not^a 
mecbniileally operated Injeotlon oundeitau>. .To nw-jt 
apprars that It a reecptoele, or eavtty, to tilled with 
a pkmtifni supply of fora laii% nwtalaed cMeimtleli 
migbhbe accnmplbhed, possibly more elflclently so than 
hitherta] 

(IVi U osnfinMd.) ^ . 

Lmmu rank Bri p Ua n n. Aeeordlng to the BvBMn 
of tbs Belamologlaal Hoclety of America a^tyvAm 
aniptkms of Iassmi Pieak oemimid betweeiL tbe flmt 
outbreak oa May; 30th, 1914, and Matah 33d, 191A, 
OT aa avmnge of one snpiion avmy an days forthe total. 
n»m 3laF Wtb to Angnst 33d, If 14, tbe nva^ bUi^ 
val betwMB ar days, whOn Itai tbe 

datatoMicdi33d.lQU,tbtfaitarvalMat^4A^ - 
Thua U aaanto that tba aeiivi^ iar Ihe vulaHMi kf dtiMa. 
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Why Vocational Guidance?* 

Misdirection of Abilities Avoidetl and Future Success Made More Certain 

By Benjamin C Gnirnhergf 


fu (otki will taU you that when they went to ■ehuol 
thigr had none at the newdui^ fnlli end voretwnel 
goldaiioe, and they got aloiif juat a* will- and wmo 
Udnk even better Whioh only nMam that they don t 
know what they miMed Hie individual ■ pnnpechve 
doea not aUow him to be a jndge of whether the ohangei 
that have omw about in hia leneraUon am on the whole 
advnatageoua or otherwiae to the eommunltr But 
adequate neoida enaUa na to oompare oondiUoni at 
vanona pmoda and jndge whether the eonununity hai 
gamed or loet, without n«ard to what hiqipened to thii 
m that partk^ individual 

Our eaonoinie relabona have undergune nieh npid 
ohangna unoa the Civd War that moat adulta have nut 
had time to leHuijuat their mental attiludee lo the now 
oonditiona And the younger people are dununated by 
the phraaea and Unditwiia at the paat Thie la illua- 
trated by the eomplaoenoe with whioh we aaaume that 
all one needa for geltmg atarted in hfe la a job Or 
by the hot that no many of ua aoqmeaoe m the dootnne 
that the trouble with the unemployed la that they have 
not found their ]obe Or by tho flunenay of the noUon 
that young men oan go to aome vague Weat* and 
grow up with the eounby, and make a fortune ae 
fortunea were made in the paat It la theae funda¬ 
mental eaonomM ehaagea that have brought ua aud 
denly the problem of vooattonal guidanoe, aa well ai the 
tutfd for a eomplete reorganization of our whole etbonl 
ayetem 

The former drift into voeatioiia eluefly aknig the 
Unea at family uiage or ungfabortiood luatom u fur 
the maaa of our younger people DO longirpoaaible Tho 
oooupatMiia themaelvea have diaappeared m the hrane 
for of produetion to the factory The neighborhood 
artimna have diaappeared m the atufting of pupulatioua 
The variety of expetunoei haa duappearud m the 
ahniiliaeaban of iHoaeaaei 

There are lu longir induatnei oarried on m the home 
where the ehildren oan team the rudmu nla and aLquire 
■lull through inoidantsl partunpatioa With tlie oon- 
eentrahon of the qweiahaed work in the fartonea, the 
^iprantieealup ayitem haa died out And with tlie 
■mpbfleation of individual proe o w uw tradoi have loat 
tiuar identity and have Ihua been kwt ftom the alten- 
bon of the young men and women deetmed to occupy 


gyimlly noteworthy u the altuatum m the larger 
city and m the manufaetunng town A eombmaiion of 
eeonomie foroea haa brought about a condition In which 
there U a demand tor Joba' on the part at an army of 
young boys and giria and in which thioe are hundreda 
at joba that ean be aa well filled by Ihoeo untninod 
ahOdien aa by older men and women The family a 
needa compel the laorifloe of many oonaideratioiu, 
Inoludiiig the vague future of the ehildren, to tho 
opportnrnty for immediate eamingi 
Aoeeidu^, boya and girla leave aohoola woefully 
laoking m even the rndnnenta of nn edueatwn' and 
enter theae oeeupationa that lead to notiung They 
run elevaton or emnda, they wrap ebuoolatea or par- 
eela, they open oyatera or atem oheRwa, dioy 'tend 
atanda or aweep offleaa, they paate labela or pull baatmg 
thrcada, they do a thwiaand other thing! while they 
are raindly ontipo*^ native ideatMty and the 
lapaa^ to aequue greater aloll and new ideaa, while 


/ fmgetting what they learned of the 


throe Re, and white tito murera of youth e iilfialiBm 
are drying up 

With our whoula atandardiznd under the age-long in 
fluent H of the umvmily the rluldron atU ndiug bigli 
aohoola for a longer or ihorttw pinod havu m nuMt oaaiw 
merely a largnr amount of lertain kmda of leamiug 
But they have not any more knowledge or najienniHe 
of the londa netniaaary tu prepare them eithrr fur par¬ 
ticular ooeupatmoa or fiw mhlbgi nt choice of an uti u- 
pation Indeed whatever influentw the high ailiuula 
have had haa bom in tho direition of prcjudiiing pupila 
m favor of pmfeNiional work with olcnral work aa a 
oloan aeeond 

Wo do not nood to ontor into tlie internal eauaeo 
that have hiilierto produced lliiwi rtaulla Thi nil 
reault u that tin young prnph have aohuol untilr 
oanilitiiina that prrmtt onK a amall frartion ut tium 
to enbr upon mrupahona for whiih tliey an natumllv 
fllteii or for which tluy have the opportunity Ui pre¬ 
pare themaelvee 

To the meanwhile our profiamiina hati hccomi uvir 
orewiled ao that the avirago iiuunio of a lawyir or a 
doetor m thia lountry la hwa than the avinge iniomi 
of a good moihaiut In the mianwhile out indualnoe 
have actually fell tho tai k of elalkd wiirken lo a very 
aenoua degree In tho miauwhile the man of workin 
go forth lu tlieir taliora wilh the iirtainty of failun 
hi fore the m 

It la in thiae complnx cin uniatauu ca that tho tma- 
tionol guidame muvomonl lioa ita aoune ami ita ]iiati 
fliation Shire la need for traimug up yming min anil 
women for work that haa to lio ilom but tlwre la ako 
need for aihiituig the young mtn and women fur thiu- 
ocoupaUoaa upon a haaia more atlcquate than their 
random dlalnbulwii m apace and tune It la impoiMihli 
through renilutum or legialation to abolub liie hhml 
alley occuiMtHini Wo i an warn young people agauiai 
entering lui h ootupationa wo can warn pannta agamat 
litting their iluldnn enter auih oeeupationa and wi 
I an legialato agamat thi employment of guia owl Itova 
at too early an age 

Our wnnung to the young people will bo mmntir 
acted in part by the apwioua plea that going to work 
will make a man of Johnny Our wanuug to the 
parenta will liave to meet the pnaaure of (lonomii 
nooeaaity ui from one4ourth to one-lhird of Ihi caaoa 
Our attempt to ligiaiati for the protei lion of tlw youth 
will meet tlu orgamad op|iomtion of all who prollt from 
the axplnitoUon of iluliinn anti low-grade laiiur tincr 
ally 

On thi aide of the pupik in the ai hool* then u need 
for reteguilKin of thi fni t that mlnimti m for a hi ro 
u no imliiation of iinalifliatum to fidlow in hia fiioU 
atapa U takea mon than ambition anil inuginatam to 
make an artiat Arthur haa leitU lull » unfortunately 
cHiIor blind and wdl have to fonigu M>lor work Tho 
fact la that we havi made but a bare begmoiiig in tlu 
dneotHii of analynng the nature of the child with a 
view to flndmg out what kioda of work he may qualify 
to do But there m a great iicml for a developmeul of 
teohiiique and an orgamzatwn of aimple metboda that 
nan be apidied by every teacher to the ihddnn undir 
her immediate obarge An iniliiabon of the widc- 
apread ^ipreeiatwn of lome auoh need may be aeiu in 
the fact that ao many oluulatana auueed in aoparaling 
people from their money by promising to read Uwir 
eharentan and spenlal abibtina eU in the stare in the 
palm of the hand m the bunipa on the hi ad lu the 


twiBta Ilf thi baml writing and in the lab at phobigreph 
Tho world ih lagir for tlie bhwaing of kmiwing what 
cai h I an Im at do a bliaaing that la dmicU lo ni ml of 
ua It IS tlu aun of vmalional guidaii i bi umumI hi iIh 
wider ixtioauin of tins gnat liImainK 

Many steps haii liccn talon bmard tin latabliah 
mint of vonalinnal guidame on a loiiipn lu iihim plan 
But the vanoua ab pa Imve not all las n Inki n 1 1 am 
ono lonuuunity or wluatl ayatom 

Tht gntlunng of mformalion or tlin making of aiir 
viya Boima to be tim flrat aup Many of the aiir 
veya already made m vanoua oinlira of induatr) will 
ylild information aa to llin mnditiona of work m iirlain 
Miupatiuna Sui h lufoniuttHm needa to lu cunatantlv 
brought up to dab b\ mtans of dimt contail with the 
mduatni a and by means of pi rmam nt 11 nma work 
lamed on by deiMUlminla of lalair and cummini in 
vealigationa of pub v cummiamoiui and of am lol workers 
The beat aurviya an far made ban been cunduibd 
unilcr the auapitca of I hi RushcII Hoge Fiiundation 
Sim rceults of thew imiatlgalKina are unfiirlunatih 
unavailable for tlu ilulilnn in ailauil or evin fur nuMt 
toaihira riuni la needed a wnea of nrapio sum 
manes of these surviys that can lu placml in tlu hands 
of pupils and tcaibefa 

ilie training of toachcra in tlu uae of atatislual and 
othir reporta on economic and wuial cundiliona is 
another atop forwanl Paychniugials an. cenduiling 
ex|u nmi nta with a vii w to diviamg fiirnutl tnibi that an 
nn tbi one hand aimple i nough to he ured by ordioaiyr 
hachera working with ihildnn in large numhera and 
on the otluT hand sernnhing enough to induale at boat 
m a gi iicml way the nuun types of capai itv luiascaaial 
by ohddn n in such varying degreoe 

Many • iliea and towns have iwtabliahed diffi n nlialed 
oouraoa of study in tho upper dementrary gimbw i al 
eulatod to givt girls and luiya a ohanco bi try out 
tiuir varying powira m ailual work This niovimint 
IB hkdy before kmg to boromi a rommonpbui m all 
lirugtemvo aihiul svaUsna Indiasl the gnat nluia- 
tional nvolulMin m the near tutun la mint likily to 
modify the m luad rouiae m am h a manner that from 
term to Uirm the individual ihild will be showing the 
teacher juat what he lan do lust and just what lie 
nieda moat to be taught 

A oonaiikntiiin of all that la implud hy vneabonol 
guidame must Iw of mtinat to iviry sikihI and uo 
uomui reformer as will as to the prognamve leanlur 
It we can imagmi the mIuwIs ao oigaiu/eil ami eon 
dm toll tluvt null lulila abibtira an early naugni/id 
ami thin fully divibpiil that each ihild alava in 
HI hold Olid dues uwtul iduiativi work to llie age of 
iiglitoiii vtura nr latir wo nan mii aomo of lliiw im 
plualuina Wi aliuuld m tlie aiipimard law ho ion 
froiiliil with tlu fait iluit the iwildii atlmid Inuiia lai li 
I lull! for useful sirviii whih the puhhc lias mil the 
meauH to amure to laili of its greduatca an op|airtiimlv 
h> uximiM hia tali nta ami skill In the s e wi i wil pleio 
we slioiihl Ih cnnlrontod with Hu albrnalivc of nfiia 
ing to rum ihildren by sending thi in into oeeupatiiina 
that an nhvuiusly doatnielivo of tin Inst m hunuin 
lift or of refusing h> nun thi indualnes by wilhhubhng 
from tliem the ihililnn At iinM-iil neitluv llu iniblie 
at largu nut the teoehota m ailiud nmocni/Q that this 
choiie of i-oursea lire Ufon ua Wliiu tli atiidy of 
vocabonal guiilani e lieioniee Uii si no is ion i m of Hu 
publio aohoola mm ii ty will beeomi I'onBi loiis of gorai of 
Ita bane truubli a 


WhetetoMa tm Ae IMted Statei NeUoul 
Moaem 

Ko« many pao|de r w Hie that thora la a qieolal aort 
of wMatane (or naaily every purpoae The proper 
atonee or abmaivaa (or uae in vanoua pro- 
femloBi and tendee and mhouaahold work ate aghlbited 
la the dhryoti of muetal toehnolofy of the Umted 
Btatae Natioul Mnaeam at Waddngton, D. O 
PMlmUy the feat atone uMd tor ahnuave pmpoaea 
waa raadatoM, arnl it k <Kn luad t»^ Ito eoatw 
gtk ahd evan giaia flnt atkaeted attaatwn, while the 
iwch edge that k gave waa aB that waa then leqidrad 
Tin hiHd. whUe. eenpeet WMktoiiaa 
B^tiagi, AAaatai, am ano^ the beat whetetaaae 
kasum. eqMlBgi If Bot the Tarhiy etoae 

vhkk te ymm hae hem eonridetad me «( the beet 
Thk Afhamae etew k hMim aa Kovaeiillte, arid oaente 
to iAm fMtlii. wMMa lac Ml «Mi eactata took. 


The bard, flmt-bko etono ihould bo naod only to sharpen 
initiuiiiienta made of the very best steel nquinng virv 
keen edgea and pointa, such aa those used by lurgeuiia 
dentaaU and kvelen Other gredis although com 
pooed of the mme ingiedlenk are mure porous, the sand 
giaina ore not aa ekma together and a rougher edge ii 
given to the ihorpened toid Because of tbiir more 
porouB nature, theae atonoa out faator proving suitable 
for the fhur edged took of earpenten nuwhiouts and 
ntgravera, and for honing raaois 
Indiana and Ohio supply a whotalono made from a 
mndatone of a eoaroer gram than the Novaoulite of 
Arkanaaa, but neverthakn quite muform It may be 
used with ailher on or water, and k uaeful for aharponing 
houaebold eutkry, penknivea or ordinary earpenton 
took But kua it k eaatty out and gnovad by hard 

not be edged or pototsd on ibia atone 


Boytheslonce and mowing machine atoms an prei 
tually all madi from nma siliist nuks fniml iii Ntw 
JIampahire and Vermont Tluw nuks an. gimrvllv 
of a ilark gray color and lompisaal of nn tl in ab s Is 
of miea ami qiiortr eryatala mbrlaminatiil Tlu gni 
of tho ai lust IB not aa sharp as lliat of thi sBiiib.l4im 
iMwauae it oonlaina funign lualerul othir than ailiiu 
whh h prevents tht quartz grama from abrading fns>lv 
Mu a snklst stones wear diiwu quukly from ooiisbinl 
uae—an advantage relhir than a disadvaiitagi for 
as they wcwr down imin of tlu hanl ailua grams ar 
iz|MMaiI to do tho sluur|Mnmg NeiUier oil nor water 
la needed to keep tho purre of the atone open aa «itli 
othw wheUtone nuka Scythes nquire stoma with 
these quohUea Some of the fine grained atliisla 
which prodime well fimahed edges are made into 
ooipenten lumh atoiies —BuUcbn o/ Ike ssikaiaion 
/ajMafma 






riM Unitfd StftlM iMt eolUcr Jupiter baa thirteen cargo hoUa to be uaed both for ail aod coal She la dlatlngulahcJ bj her pacaUar booM nod 

ritfflag aapparted frooi towara 

Coaling United States Warships 


By SiKcidl Vtssels With Ingenious Fittings to do the Work Rapidly 
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tkf teft* tta tackat avmtor lalaaaa hb boMtaf 
aii iMMIac Amu, aad Ma tha boohat Onv OB the ooal 
umplAtin t»a QPdai It tha bnekat doaea ai It diopH 
tta tmbat apnator «Ul thtoar in UabtUliii droat Jnat 
Mtoa <ka bMat catdMi tba ooa] tba bndat wlU tbaa 
apm, and ha can tbraw out hla taddlng ann dmvliif 
lliahndntan tbaooal 

Iflaa a wnnadp la toba eoalad tha ooIHar la brought 
alflBtilda or ana nay ba tfaead m aadi aide and tha 


woifc prenaontad by both at the aana ttma With tha 
tranafer boana lowarcd tlM big bncketa glide rapidly 
back and Ibith each one detlrerlug the coal at Ibo 
rata of one bon lead tone an honr either into the chotea 
loading to the bonkera, or In pUea on deck whence it 
ia later aborelled bdow It la erldent that theae opora 
tiooa can only be carried on when the water ia com 
paratiTaly amooth and the apeed of coaling will depend 
on the nanber of boAeta it la poeaible to operate Bo 


far the bed work accanpIlBhed waa the tranafCr of Odi 
tons In an boor with two odileia dellrerlng at the umi 
time on clthor aide of the wamblp 
Coaling ahlp to alwaya a dirty and dlmKreeable 
operation to thoae who are Qtereby employed and to 
mahed tbrongh aa rapidly aa poasible On anrti oe 
caatona it la tnatomary t turn nut the ahl( a I and 
whleb atlmnlatea and cbeera tho men on wllh Hr ly 
mualc 


The Rifling of Firearms* 

Why It Is Necessary, and Some of the Principles Involved 


Aoomuor of flra and effeotaTO aetam of ihota are the 
two ntoat Important pm pee li ae that a onanon ehonU 
pomam Theae raqnireBMnta an met by naing aaheaTy 
n piDjeetBe ae poaadde tad giving it a nearly uniform 
trajeetoty in whieh aO negulantiaa Umt it u impomibhi 
to eUminatYw be Mtufaetonly ealoulatad or eatimatod 
Of titoae BTagulantiee tho greateet and the mort dif 
Beall to oomimta an eauaed by the renatance onmaed 
by the Wt whtoh vanee with the foroe and direotum of 
Uw wind the height of the barometer the temperature 
and hnmidity of the air and other weather oonditiana 
Uw nrirtanoe which the air oppoaae to iphenoal pro 
Jottdm la vary great ao that a notable im^vement m 
the art of gimiwy waa made by the adytum of the 



Fig l^Traleetarka 

»P In air VB to vacno aa etonthn of ann 
ear BCdnunn balgliti attatoto by pnlectUa 


elongated oybndneal imjectile of groat weight and com 
pantivaly email ewaaa o otton Ihia umovaUon how 
ever gave rbe to diSeoltMa Imauae a long proioatabi 
tendatoaetitaelfpeepa n i Uw i l artoitaluiaof fli^tfgig 1) 

Tilia tondaMy may ^ obaervod in a atnp of paper which 
haU la a vertioal poatoon and let fall quickly saanmea 
a boriaontal poaltion and fluttoia to tho floor in a apiral 
path A nwdnl of a oyhndnial artiUory prujeetilo 
mmmtod ao that it omi turn freely Kti Itoelf at right 
anidea to a euirent of air blown agatnat it 
7 Ui ddkulty wna met by nflmg the emuion and 
Ihna in^nmring on the inojectde a ivid axial rotati in 
and giying ita axla like that of a epuming top a ronut 
taoe to duuige in direetion Rifling waa invented for 
a totally dlffcrait pnrpoae by Angualln Knttner wh i 
diad m Nunanberg m 1630 Barly in the hiatoiy of 
gnaiMcy it bad bean obecaved that aeoidental rotary 
movanenta of the qpheneal projeetdee whieh were then 
umvccaaUy employed pioduaed deviaUona from lie 
Mn—l tonjeetory Attempta were made to prodme 
■nine rotntnma and dnvintKma artifloinlly by making 
eeantne eavitiM In the ahot Tor example a cavity 
dtaated above the canter of the ibot at the moment of 
Bring would pndnoe a forward roUiiig rotaten and the 
ooen «f the opwaid bwtion of the oompreiMd air in 
hoot orar tho downwnid trietioit of the nrelled air 

beUadimddeaaaeaeimtmiiallifhligof theahot and 
thawtoe an ttoieaa o d range 

Irllw ey—"■ of tha 16tii nentury ware pionded with 
abrnWit grooves In order to taahtotodeMiing Kuttner 
toballtntol «fral roovaa with tha idea of ovcnoming 


air tight in muxaloJoading guna Iho amall gain 
brought with it a aenoua dimdvaatage and ao the apind 
groovei wire abandoned though they were re-adopted 
much later for another purpoee 

Modem flrearma are nfled with voy ihaUow grouvee 
of laotangnlar eeotion uanally eqnal in andth to the 
intervening qwcce o' 6^ Ihoir number ia con 
aldermble in guna of large eeliber the Krupp 40 oenti 
meter «mnAii having 06 groovea The flilde become 
flattnned aa they approaoh the loadmg ohambor lo that 
the piayeotile with ita two ooppor guido noga oan be 
introdu^ without prcaanre In flnng tho oopp( r ruiga 
are automatieally piarned mto the groovee inauruu, 
peefeet n*"lln"g and aoourate guiding Tie eariiar 
ptMtioe of oanlkuig with leaden nngahaa been al andoned 
became of the great wei^t of the leed Ita depoaitHm 
on the inner eurfaM of th gun and the dlmimahed 
aplintering aotaon of tiie ahctl 

Right-hand rifling le adopted in ell flrearma uaod by 
the Oennan army Tha ehot ae leen from tho gun 
mtatei in the dinotion of tiu handa of a clook Tim 
an^ at nflmg i e the angle between the groove and 
a line penllal to the axia of the bore vanes within vide 
bmila ranging from 1 to 4 degrees m bmg oannon with 
great Initul velocity of projectile from 7 to B dogrern 
in shorter oannon and fram S to 6 degreea in mfantry 
nflei (In old nflee the angto la oonaiderably amaUer) 
l*Rigreaaive nllitig beginning with a email an^ at the 
breeeh and mereaauig the angio untd tha muaxle la 
reaehed la now of ten uied The angle of nflmg inotoaaoa 
tromJto7 legieeainthelmgIfloentunetaroaimoii and 
horn 4 to U degrees in the 15 centimeter howitrer Tho 
ohorao of the angle >f nfting la affeotod by variona con 
aidorationa the length oabher and elevation of the gun 
the weight of the ihaige the length and cuDatruotion 
of the pmjectilei etc 

1 ho rotatwn of the projectile whieh in muiaed by nflini« 
produoei ila derired effect dlreoUy and aatufactoniy 
only viien the tcejertory to nearly levd A projectile 
diaoharged from a gun < levatod to a high anfcle would 
have to deprew lU jwint continually in order to keep 
Ita axu in comcidence with ita greatly lurved trajectory 
Ihe direction of the axi^ however la kept flxed by the 


partiolea arfakh are earned arounl tie injeotile Iviti 
rotabon move aomewhat fmward on the nght nde and 
baokward on the bft On the nght ei lo ll n oollinona 
of theae whirling air particlei with the backward relabve 
air ciuient earned by the forward mob n cf the pro- 
jeoble produce oondinaabon and m reaae ct pnaaure 
while t^ denaity and premuro of the air are diminiahnd 
on the left nde Thia exoom of preaaure on th nght 
aide ea laet the projeoblo to deviala allghtly to the left 
Ihe eabmaled amount of thia affect la leaa than that of 
the oppoaed Poiaaon effoot Expenmont abowa only a 
very email deviation to tha nght which repreaenta the 
differenoe between the Poiaeon and Magnus effects 
Tar more unpwtant la the peeohar prooeaa by whuh 



Fig 4 ^Preceaalea of n top 

Pk one of piyewrtop Pe axle o( prew u e l wi gi iili ol 
rotatloa Kr dlncttoo erf toll (it not iptonliif) n« 


b ehind wuud eansc • OMbn u al lifug or tne snot ana y,, projeoble and oonaequently soon 

tharrfoce U lanrsaaod lange makes a oonaidccable anj^ with the bajeotory Tor- 

1: Tito OBBBim of the leai owibiry w «0 pmvidM with I, ,«„,„pu,hed indireoUy 

stMiffht groovea, In order to taeihtotodean^ Kuttnar ^ mitomatieaJly by tha operation it oertam faetota 
tobaritotol vftnl gmoves wUh the ida* of ovmoomiiig .p,,, myatanoua The rotation of Uie pn>- 

O mimifnnttVfUTiriifniffll’i IP f 1 iTtIt lU M l tM jeeble and its laeliiintloa to the trajeotwy oontanue to 

^ netfon thrae foroea of wtiob two prodnoe abght 

latotal davlatloaa whOa the thud eonttnually bmigs 
^ ^ appnmfflnto eomeidenoe with the 

irtSr;itil 'if mohiiaboai of the axia itrongly eo m praaaaa the 

fig, lc->Mgga «I«B OmtHtUm at pnioctilo) air boDeoth tho projeeble whleb in ocmsequcBee of its 
afgfgfcptoft rotation mlto on tba ouriuoa of oom pre m o d air toward 

tha n^t ^ right-hand rifling) and itovlataa aUghtly 
thoioMiMoaf thaofohff nbacfaiffaattonof Ihetiqitdly m the amne dmetton from ita prsvious oooiaa Hus 
MMte imjiillli Hm ehol «W omI with protabar- » known aa tha Poiman effaet (Tig 9) 
talMlitoleBlModtttlfOoVw HaMttitogrooTwhad Aaotbar davtatfoa eallad tha Magnus afloat (Tig 3) 
gft tyigritoitffifiewJtawm vary dManH to rnnko them to brooght ahout ia tha followiiig mannar When the 
m wa pm- P®*** • FrOjeetO® having n^t-haad or aloekwMa 

tJftH rototlM, to nbovo tho tMgmt to tho tnoaatoiy. tha ilf 


Tig 3—Magana effect (IneUnalion of prolectila 
exaggerated) 

! t tnjertory t crairr or artTltj 14 rompmalOD 


ll 0 ana f the pn j«tile auk n ab ally tenda to rot im to 
the tangent to the tiajectory Thu action may bo 
illuabated by the eommon apinning top (Fig 4) A 
apmnmg top with its axis inehned to the virtioel d es 
notfallovor butmoveeiiothatitsaxiedeapnbcaavorU al 
cone The rapidity of Uda movement of the axis aro m I 
the vwboal bne 11 invcraely j mportional to the voloaty 
with which the top rotates about its axia The forae 
f gravity which would oauae the toj if ni t apiiuung 
U fall ver and would thenforo increase thn angle 
Utweon lU axis and tho vnrboal mircly n tales the 
plane of this angle without immaaing it when the top 
u spuming In the ease of an elongated rotabng pro 
jeoble with its pomt above lU eurved Irajeotory (Tig 6) 
the fme of gravity u replaced ly the aerodviiBraie 
furoe that aota to incieaao tho aiu,ln between the axu 
aid the path to a tight angle Owing to Ue rapid 
rotation of the projocblo this increase does not ouiur 
but the axis of Ota ptojeoble leambfs a eone abi it the 
tangent to the trajeotory When t1 e axis I u ewept 
thn ugh nne half of tbu oono it is again in tl« \ rtical 
plane of the bajeotory Meanwhile the prijeol le has 
advanoed along the curved trajectory ao that the axis 
in Ita new poaibon u neariv eomn lent with the tanget t 
to the bajeotory at the pomt whieh tho projectile has 
teaebed In tins way the deviabon of the ana from tho 
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IntJuilDry in kiipt wiUiin iivtdw liniilii. Math(iniatl<«l to oomot devUtloni of (be exii from (lie tnjeetofy. alevetion at ud bqrood wklAli thf riflut IhSi, dipisdt 
InvratiRBtluD HhowR Ihel the point uT the projnctilo mtrvea Thu dilBeultiu an Inoroewd when (he pin ii deilpuid npem tiia U|d« of lUbg •( (he IWIMlo, ttie e ri Hi ii r and 
in l■.v«loidal ciirvie. fur um •( widely diffcceni elevation*. It 1* evident that tte vahMdty of the projeetile. Regarded tna (hb vlevu 

In the prujveliln, ai in thn top, ihiii “pnwnwioiial'’ no aurt of riding oan invert at (he aummit of ite Sight a point, the new Cennan 43«entiiaeter mortar ngiieeimte 
movement of tlm axu in iuvuraely pnjimrtional to the projontile which li Sred vertically upward, or can prevent a far higher teohniioal adUavamaat than vpou* *t Scat 
vnliioity of Mtallon about the axi*. Thii) fact must be minli a proieetUe etriking the ground with lu baae, in- ^anoe. The gnat inenaae in eaUW la not only a 
eoniiiflenxl in l onnexlion with till' problem of riding, atnad of Ite point. Hence, in teeting a given riding, the matter of Improvement in the nee of materWa and in 
Too rapid mtaiion, iwnted by too large an angle of riding, pin ii progroarively elevated until the piojootile etrilcea methodi of oonitroction. It abo invoWaa new oalenla- 
may in eomu conilitionK iiiakv the pruccHeiun too iluw in thia manner. The elevation thus dotennined, (be (hias, baaed upon many long and eoitly experiment*. 


The Dyestuff Situation* 

Rfu.son.s Why tlu* Kstablisliment of Competative Plants Would Be Poor Financial Policy 


NfxNiirAr-riiHKHH of Amerirain deg* ani in no inimodU 
ell' ibiiipT of having to rely upon Cape Cod rranhorriie 
for tiieb’ rod or California eklra for tlieir Mud. Nor la 
it proliable timl our tHXtib< manufacturer* geneially 
will be forced to adopt the enggeetion that we utilixe 
oiir native ramlmwi to lupidy the tlncloiial niquire- 
meuU of their induHlry. Hix munthii ago the idtualion 
wa* illSerent. You mmid have eold rainliowH liy the 
fmil. The piHiph) pmeially and oven the conHumora of 
dyi-Mlnffii awoke at llui dmt ilpobualion of war to the bng 
lAlent fact lliat the iiiduiitrHM of them United State* 
am deimiiHent upoh (lermany for their MUppIim of eolor- 
ing niatten, aynthctlc drug* aud many iitW highly 
nivN-mary product* derived from coal tar. A rituatlon 
whieh had bran eminently Katinfaetory to eonaumer* for 
niaiiy year* midilenly appearml humiliating and intol¬ 
erable wlien the emhargn flnl Ihroatened to cut ulf eup- 
plle*. Th<a<n were Imhitenl demaiuli for the Imniivliale 
inauguraltun of an Anierinan eual-lar color indiutry to 
relieve Um Mluallon and render Imiiuaiiiblu lU rneumince. 
It wa* to be eilabliahed by changing the Uriff and the 
I»t4<nl bwi and lelliiig MonmUidy else find the money, 
tloveniment ownenhip of dyeHliiS plant* woe net oon- 
nidimHl Merioimly beeaum there worn no Qerman plant* 
interiiud. 

With the lilting of the embargo and the rmumplion 
Ilf nhlpraont* by way of Rotterdam moat of tlm humilia¬ 
tion dlmpptwed. while now there 1* even a growing diit- 
ineliuallon upon the part of textile manufacturer* to let 
the other feiViw find the money—and make thoae ceaen- 
lial ehange* In the tariff. The mtuation neverlheleu ro- 
main* one hi eaune eonrom and Involve* many factor* 
whieh are worthy of your * 014011 * nmnideration. 

All the world know* that during the In*t SO yean a 
Nwrairing revolution hse Imen effected in the art of 
dyeing. The vegetable dye* like logwood, fuetie, Humac, 
madder, indigo and many other*, the few animal dye* 
like cochineal and the relatively erude miiu'nd pigment* 
have all been di*plaiH<d oumpirtely or in gnah-r part hy 
the produota of synthetic chemistry after a roiiml of 
linotorial sorviee extending Imok to the ilay* of Uene«iH. 
Tlio eoal-tar color industry, wlileh began in 1860 willi 
the diHeovvry of mauve hy an Kngluh buy of eighteen, 
known later a* Sir William Henry Perkin, soon hMik root 
in Germany where it ha* attained its present great de- 
velopmiml and ilelieately adjunted oiganizalion mainly 
through the genius of a Tew and the plodding industry 
of many German ehemlsti, the far-sighted courage of 
Gernuin flnaneier* and the teehnieal and himiiU'iHi aagaoity 
of German managers. It is in a very real seniie a created 
industry brought into being by the reaetion of inlelleot 
iipim the hlaek chaos of ooal tar. It is imeuliarly a 
German Industry and its prwlurt* for the most |iarl 
may justly and proudly bear the legend, "Made in 
Germany." 

Gonlrary to poimlar Imliof the produot* of thia in¬ 
dustry liBVB displarDd the old vegetable dye* liecause 
they are Iwtter, lirighter, faster, eaiior of application, 
I'lieaper and Inoomparably 'wider in eidiir range. 

with our textile and paper mills, iwlnt and varnish 
iiianufaotUTors, maker* of printing inks, and many 
minor Industries thus definitely iwnunltted to the use 
of coal-tar dyes it b not surprising that the sudden pros- 
|Hv t of a dyeeliilt famine should have oooasioiied grave 
inneern. At the outbreak of thn war the textile mills 
were generally oroditod with having not more than five 
iiiiintlu’ supply on hand. Tlie ether Industrie* oon- 
I'l-mod were probably lea* fortunate. For a time the 
German emliargo on dyestuff* prevented shipments, and 
stiH-ks were rapidly depleted. Through the penutont, 
earnest and eapalde efforts of Amerinan represenUtiva* 
of the Genuau manufaeturen shipment* have been 
siimivl under some restrietlon* but with roaaonabte 
regulanly. The German plants are running at about 
<10 per cent capacity and ilistrilmtion of thoir produot 
is regulatad by tbe Government throngh the Boolaty 
of Dysetufl Mamifaoturori. The basl* of aUotment 
Is raid to be 76 per pent of the 1913 eongumption dls- 
sAddrssi befure Ite DalMd Bum Obsmber of OsaaMtot. 
Wishiogloii. rsbraseg tth, IBIS. 


By Artliur D. Little 

tnhiiled over numtiily tbtpmonU whieh must go forward 
ill American boat*. There 1* Utile doubt that to prevent 
nnihipinefit to the alUe* it la the Oennan poliey h> keep 
nur own mill* in a ehronie state of dyestuff hunger. As 
a result many mlUs are now running from hand to mouth, 
olhcn ulaim to be provided (or three months and a few 
for a Mimewhat longer period on oiwtaln linn* of oolon. 

A* a result of the etoae intordepitnileDra of the eoal-tar 
(lyes and coal-tar explosive* indiutrhw there ha* been a 
praclhully oomplebi neaaation of reeeiplM of suiih dye* 
and diivolopen a* require for tiiolr nunufaeture niltlu 
acid or raw matori*!* ilorivcd from noal Ur and avallabhi 
for tlio produotion of exploiiivM. Such matorial* for 
example are toluol and carbolie acid. 

The acid blue* and acid blaok* largely used In dyeing 
wooleiM are already scarce a* are also most yellow* and 
orange* and a vride variety oi blue* and green*. Para- 
nitnniline, used in eonnration with pigment red poster 
work, is praoUoally out of the market and it may be said 
tluit pigment workun-generally find themselves In an 
especially precarious eondition a* to dyes. ' 

Nitro devolopors are cut off entirely and bcla-naphlhol 
is obtainable only at prioea which are almost prohihlUvo. 
Within a fortni^t a targe gingham mUl has puroluuod 
1,2011 iwunda at IIJW a pound, a* against a normal 
price of 0 to 9H evnU. 

In Uii* mmneotion it i* only jnst lo point out that Ibn 
German manufaeturers and t^ agenU and importers 
hero lusve handled the diffloult and abnormal situation 
coated by the war in a spirit of gnat tahrnns. They 
have prevented stoeking up by greedy oonmimei*, they 
have apportioned suppUra impartially on the basl* of 
post consumplum, and they have abown remarkable 
restraint in tin* inatkw of prioe*. Thu iireaent average 
udvanec on obtainable oolors is about 26 per cent baaed 
on a lu piT cunt inoreaso In faelury price and higher in- 
Mutanee and freights. In some eaa« tho advance is 
:iA lo 40 per cent. There ia every proepeet that with the 
diminution in the supply of raw materials priem will go 
mueh higher in Uiu near future. There is a oompunsat- 
iiu;, though somewhat rcinoto, possibility that thn 
inanufaelure of nitre dyes aud devuloptws may ho ni- 
suined as tho Gnnnan govommont has sulsddiicd thn 
ounslruotion of two large plants for tho roannfaeturo of 
nitnn aoid from thn air and these ate oxpootnl to come 
into oimation during tlw present month. 

In the (aoe of tiui prment emiogenoy the luxU'e mlUi 
are reaurting wherever possiblo to tliu old vegetable 
dyia and are already making (roe use of logwood and 
fuatio. As a rnsnlt thene woods and their extraota have 
uintTinnoud a marked sdvanoe, amountug in ease of 
fustlo to 100 per oont. Paper mills are endeavoring to 
oonflne their prodnot lo natural and white papers or 
those which are tinted rather than deeply ooloTOd and all 
cunHumers are husbanding their color resoureca with 
the utmost ears and adopting makeshifts wherever 
poiaiblu. It is gratifying to note that in these efforts 
they have the cordial and effective oo^peratlon of the 
laburaturio* and teohnioBl staffs of the great importing 
agents. 

In 1U18 the average dividend paid by German dyestuff 
fnctoriea was 21.74 per oent. The actual earnings were 
much gnater, and bve sufScod In (he past to provide 
sinking funds to cover the entire nista of dovMopment and 
plant. Few industries in tiie United States ran mako 
BO good a showing. It seesns reasonablo, therefore, to 
inquire why we should endure Indsfinitoly tbs pnaunt 
hardship* and why we should not have a eoal-tar oolor 
industry of our own which should supply our wants 
without lot or hindianoa from Germany. Then is but 
one answer to these qoMtions and but one oonsideratkm 
to rsstiain us. We can have soeh an Industry whenever 
we are prepared to pay the price but la it worth that 
ptieeT 

The eoal-tar oolor and explosi'ves Industry as daveloped 
by Germany is probsUy the most highly otganiaed of 
any industry in tho worid. Starting with lea than a 
doaen erudo raw material* Mieh benaol, (ohMl, Bte 
thiaesM, napthaiene, eMboHo aeid, ate,, derived tnm 
ooal tar, it bnilda op oomplei ehiuiaal peoeaste 


which often Involve elabonsto and exponrivo planle nod 
the most rigid arienUfia eontrel of operathig eoadltionB 
more than nine hundred separate ultimate prodneta and 
over three hundred Intormediates, so called, or over 
twelve hundred imidiicU in all, some of whM cannot be 
turned out oommontally in quanUtia mi^ over tOO 
pounds. The whole system of produotion depends for 
its oommereial eflleieney upon tte ekwe eomlaUon and 
inlerdependonee of these many product*. The industry 
la stilf-oontained. It makes its own ernda and oonverta 
lu own wasta into raw materials for new ptoecaa* to ho 
appHnI to them by itadf. The adjustment of the 
Boonumin bsdanoe is a elnse that a lU^ change in the 
value of some one produot may disarrange whole snria 
of praoessa and affeot diastruuidy many ptodunU. 
Obvinnsly, thondore. at this stage of lU dev^puietit, 
tho Industry must ho oonsldend u a whole if any effective 
eomputitive dovekipment in this oountry is to be at- 
taiiieii. The situation is not unlike that now existing 
in our peeking Industry, when, by rougher jnethoda In¬ 
deed, but on a tar gnater scale, the entire taw material 
Is utilised in a oomplex series of related produeU whieh 
are individually profitable only because of their rotatione 
to the others. 

Twenty-two faeloria are involved In the Gorman dye¬ 
stuff industry but by far the larger portion of (ho businrsa 
it in the hands of four great companies. The Industry as 
a whole is bonnd iogethor by trade agreonenU and «>• 
operative artangetnenU whieh add greatly to tbe efflel- 
eney of produotion. 

A few flgnres regardiug one of theee oompaniee are 
instTUctlve. For transportation 'within the plant it 
utilisra 42 mllve of railroad. lU water works supply 
10 billion grikina yeariiy and iU lee faetury 12,1)00 tons 
of lee. It baa 4(10 steam engines, 600 eleetrie motors, 
nearly as many tdopbone stations, and 20 steam fire 
engines. It h« a frontage on tho Rhine of miles 
and bandlfs aulphurie acid In tank steamers. Seven 
years ago it employed 217 obemlaU, 142 oivU ongtaunra, 
8,000 workmen, ai^ a eommorclal staff of B18. Periiap* 
even more important from tbe present point of view 
of thn American bueineas man Is (his signifiiMt statement 
published by this o6m|iany; 

"On lookW back upon ^ suoonases which the Badisnhe 
Anilln und Soda Fabrik has eohleved sinee iU foundation 
the management feris it to be their pleasant duty to 
teoember gratefully the benevolent and appreciative 
support whieh (heir efforU have always met at the hands 
of the Steto authontie*.” 

Within the laat few weeks. Dr. B. C. Home, of New 
York, who oombines in a remarkable manntf (he funo- 
tiona of (he ebemist and aUUsUclaa, has brought to¬ 
gether many figures which bear upon out present problem 
and whieh give some indication of (he prioe whieh we 
would have to pay for an American eoal-tar oolor in¬ 
dustry. 

The 'world's production of all eoal-tar dyea is snb- 
staotially 8100,000,000. ’ The annual turnover of (he 
German plants ia about 180,000,000; (ha plant value 
on various eatimatas ia not far from $4DOflOOfiOO. It 
win be noted that the rriation of ptant Invatment to 
output Is extremely hi^i, bring $5 to 81. Thera is onO' 
works riiamiat to every 880,000 of output and atymt 
60/100 emptoynee in alL The total e ^urt, value of tha 
German produot w about 8(16^/100, wfloh wa* 
dlstrlbatad among 83 ooimtriot. CUaa tahea four Umea 
M moeh OeRiiaa iadigo as tha United SUtes eonaumra. 
The average wage In (he Indnatiy was 43) narks in- 
elnriva of boya, eommoa labor and tkflled labor. Tha 
avsraga men's wage wa* 531 marhs. or 81-40, whkh 1* 
brought by bonuses and eoeial aervioe to (ha aquhahat 
of 81ff4. The gran average aqiart vahn of (ha 1013 
dyae prodined is 801.400 eaeb, or, enoeptiiic a veiy fair 
of tha nuat fanportaat, Oe eaRaapmltag Aqua te tin 
nmahifaig 000 or more fai 140 , 31 . Dr. Haaie baa 
ehaiaotertaad tin Germaa ooaMar aokr inAntqr «a 
'<lna( about a oMHiatlin buriteiB,-aad <n thfe itora^ 

I WDiiId aric you tt Dr. Haifa U riot riflik 

It ia ri avn t biliai aa UktOijr vrUtb h«tiiafrin«Ula 
vritit rnai aaii arid nttb gcti n Utwriiaa it . tba'ayri^ ; 
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tMi of aUiwiMfor ingunpln, gjoro • daoth blow (o tha 
odllvatlw of miiddar, tlM ■anual ptodwtloa of wUoh 
45 7«)rt OiO WH oboot 500,000 iou. gynUmUo IndigD 
u^oat iha aotial aaonomr of whda niIoim in India, and 
fliiidt availabk (or tbMbk food VMt tnota of land More 
da«o4ed to the aolttvation of natonl indiio. Than 
(rliiiaplu of onranle ehemlitiy unqimtionably naoted 
thixnvfaout tbs mtlre lania of Qamian Induat^ and did 
miKb to eoBTcrt tbo naUen to the oult of eelenae upon 
wUth Ita MWaonUnaiy lAdeney in maUclal aBun 
la baaed. Tbeae ooiuMmtlona, oonjded with the in- 
duatrial mlnole of tha (meals of the rainbow from ao 
unpramiilnK a material aa eoal tar, enablo the ooal-tar 
oolor indnatry to make a peoullarly powerful appeal to 
the fanagination. We would be justly proud had wo 
dnveloped it oumlvea. 

We have in a sense bad a ooal-tar uolor industry in 
this country for 80 years but It has failed to take deep 
root or flourish evm under the protnothm of a 30 per oent 
tariff, and during the very period when the Oerman 
industry, under the far greater stimulus of organised 
and pendatent tesoaroh, aohievod its greatest teohnloal 
and eommennal triumphs. There are to-day four plants 
in the muntiy and th^ make perhaps IS per oent uf the 
total AmeticMi oonsamption but eonflno tlwmselveg to 
luai than tOO pruduota. They hold out no promise uf 
extonmon inerease in pioduntlnn without Guvemment 
asabtanoo to the oxluut of a :n per nent od mlnrem duty 
plus 7 a oentH per pound apuoifte ami an idTnetivn anti¬ 
dumping olauso. In this iMnniiillon it iiiiKht lie (lointod 
out that from 1880 to IHKi the od mlorsm duly was :» 
per cent srith SO oenla apuoiAe. Thu pmsonl duly is iiO 
|Kir cent on oolors and 111 per oont on mlemudiaUis, with 
synthoUe Indigo and alisarine oulora freu. Under it, 
probably not nHwe than 17 uf the 013 German dy<M 
ore oomidetely fabiioaled in this eouiiliy; the remaining 
83 of Uio 100 types elaimed as American products are 
merely developed or "eiMumhlcd” hum from InUumod- 
latee obtained from Germany. Were our own manu- 
faoturcrs to seouru tlui uutiru Anieriuan liuiiinmM it would 
amount to only about 510,000,000 annually—a litUo 
more than the ^ue uf Ihu candy suld by Iho Woolwortb 
stores. 

Mihw tlw UnitMi HUUa now pnKlu<<os t'dS/IUUAMI 
galluns of eoal tar annually it may here )>e |silnled out 
that tha ouuntry already |shm«s«w a <sial-tar imlustry 
aa distinguisbed frum a ouel-tar oolor and explosives 


industry, and that the ooal-lar Industry as such luu bwu 
devdopud here to an extent unthougfat of la (Uwmany. 
An avursge tor yiehls 70 per oent of pitch and only (I 
pur oent of materials usofid to the color industry. In 
Kurope the pitch is (mmmonly used for fuel. In the 
United Htotes upon the ollwr hand over DO per eonl of 
the plteh is uliHsed tn luotlng, waterpraoflng and niad- 
maUng, while the nreosoto oil and naphthalene And other 
prufltobhi and wiil knoam appllaatluns. 

Thu pbdn unduriying reason why wo have lusin unable 
during 30 years of tariff proloethm to develop in tiun 
country an indoptmdent and soif-eontoinod eoal-hir 
eulur industry while during the same period the Gcniuins 
liavo magnifloontly sucisssImI is to bo fnuml in tlie 
failure i>t our manufaetuinni and oi^iitolbto to n<aliM 
the eroallve power and earning eapaidty of liuluHlriiU 
rmearuh. Tltia power and this €«iiamly bavo bm<a nmig- 
nized by Germany and on them as oumur-sUiiice her in¬ 
dustries are based. As a ruaull the German oolor planU 
an now quite oapablo uf meuling the demands of tho 
wholo world whon poaeu is umsi ruatorod. WIty, then, 
should wo duplicate them only (o plunge into an In¬ 
dustrial waifaru against the must strongly furtlHuil in¬ 
dustrial position in tho world. U-l us rather ismMilu 
ounsilvea with a few rofluctionH and thim sett how oUkt- 
wImo we uiiglit H|M>nd our inoiiey to our Iwiter wlvaiilage. 

Tliu gUMS husinoss of the Wisilworlh Ti and 10 ei-el 
stores in 1013 oxn'edetl tho eiilire export IniHiinsw of tlio 
whole Oemiali nsd-tor color iiidtlstry li.v 5II.IXX),IXI0. 
Tho sal»i of one mail order Ismim,, SenrH. Itoclnick 
in tho sunn year wito far gnahv than the hilal oiil|iiil 
of all tbcwi Geniutti color plants, ami its last H|ss-ial 
dividend is alsiul Iwiec tlio aiiiounl of their total diviihmd 
payment in 1013. Tho Kasltnan Kisiak Uoniimny, 
with about twice the capital of llui largiwt Geniiuu ixtior 
company, tho Iladisehc, and with a Government Mint 
on its liamls, ,•010x1 during 1013 net pmliU of ever 
514,000,(NX), «sr 2X1 iHT cent on its iireferrixl sUsjk and 
over 70 per oent on its Mimniuii, while tiui liadisuliu 
wltli ‘‘tlie benevohiiit and appnmativu siipisirt" of tho 
German gavomment earned 4.'» per oent. In that year 
the entire Goriiwn industry paid 5lt,(XXMXXI in divi¬ 
dends. The KortI Motor Company willi one slandard- 
Isixi product iloes a gn«tor smnual liusiness than oil llm 
Gorman color plants with (heir 1,2X1 iiriHiuels and earns 
four tiiiKw thi4r romliiiMHi dividend while (layiiiK lUn'o 
timtxi their wages. 


Now that our porsissiUve is adjUMltxl lot us txinwder 
f(» a nuunent smne uf the things whmh might Im done 
with the vast ex|K<nditure of effort, luoiioy and n<seareh 
required to establish In lliis isiunlry (his “omi-iialion" 
industry. 

Wo should first of all reviuw uiir own ulimsit iMoindiess 
natural resmirers and t«|sx-ially slumld wo consider »iir 
gigaulic and shameful wastes. Tlu>y uffiir upisirliinily 
for tho idUiiuile development of a sivro o( industries, 
lueli of a iiiagiiiliiilo isiin|inrah1e to the isilor industry 
of Germany, and for the almost liiiniodiate uphiiihling 
of hundruls of siiuv'ler eiilerpnsivi relatively no hsei 
prolltoble. Wo wash, for itislanisi. irsi.lXXI.INXI Ions of 
wotsl a year, a liillioii fis-l of natural gas a flay, inillioiis 
of tons of llax straw at ovnry Imrvcstt, iintomdiisl isait 
ileixisils fringe our entire Atlantic sealssinl, Is-ehiv,’ 
eoko ovens flame for miles in I'euiisylvania, wasting 
pnaiioiis uniiiioiiia and exeiliiig no isiiiiineiil wliilo tlie 
liiirmng of a flI.IXXI house would ilruw a inoli. The 
wliole Boiilli is a reservoir of inihislrial wealth niitn|ipml 
in any pniisT sense- Wo luvvu hoonl llu«e things so 
ofloil that wo lan go to slis<p wlille hooring them. Wo 
iiisxl to nially senso them, hi gel lieforo our csmscioiisness 
a clear ixineeplion of wliat lliey oolually nuan m lorms 
of washsl wiaHh and (insciit oppurtuuity. Wlmii we 
■III this, and llii'ni is no Is-lhT time tlian now, let ns apply 
the lessen of the Oilman coal-lar wilor iinluslry l,i these 
far gn-ahT pnihlcins and solve them liy the coiiiiH>lliiig 
Hgcm'y of suslaiiiixl, iiih'iisive reseaivh. 

To lake lino ilhislrarmn only, (he npplicalion hi the 
liiinlsT inihisiry of the south of one h-iith Iho nssaridi 
energy and skill which were nxpilrisl hi bnng tlie onal-lar 
elicmii>al indnsl.nes Ui their pnwnl proud pH'-einiiience 
would unqin-slionably resiiU in the en«liiin of a wlmle 
M.riis) of gnat iuterUs-kiiig iiidiisl ncs, iwli linin' pnilllalihi 
than that uf lumliering. Tho noiiIIi woiiIiI he in posi¬ 
tion hi Honunalo the |ia|MT market of tho world, it would 
IransiMirt dcnaturi'il alcoluil liy pi|Hr line and lank 
steamer, make thousands of tons a ilay of eorlxihyilraUi 
callln fis<ds, nsirgnnirsi and ilnvi'hip along new limn 
and hi far IxithT purisise its languishing naval slomi 
imluslry, and llml new iipisirlunity at every hand. To 
do lhi>se things in one imluslry ns well os many things 
ns gmui ill oilier Imhislries nxpurta generally only n iil- 
llo fuilli, suHlaim>il, iHiiimgeous effort, and Ihe appre- 
einlion by Anicnean llnuneiers of the euniing |miwit of 


Artliiir Von Auwen* 

Tun prutileimi that oonfroul the sstromiuMT differ 
from thoeo with which workers in olher deisiriiiimits of 
Hdeuco are engnipxl Id many Imiiortoiit iMrtleulsnt. but 
111 none more then In tbe magnitude of the dnto lih 
volvod. 8o groat la tho number of the stars, oo vast, 
both lu space end In time, the scale of Ibclr moUunis 
that III general It traimcemls the iwwers of au Individ¬ 
ual, or even of a single observatory, lu collect, within 
the spau Iff a Hfutlmo, tho materiuls for vomiirelieiudve 
stiidlPH, or to collnte mid discuss (hem. (kcopi'mllon Is 
prohsbly more ossenllnl to progn-ss In nstmuomy thnn 
III any other seleiice. 

Tbo earliest example of fimpi'rHlloii mi a large scslo 
In aatronomlcal resoarcli wua the preismlilon brought 
forward by Argelondcr aud his ussodiitcs, half u ceu- 
inry ago, for tbe formation of a great cataluguc of nil 
the stnra to the ninth mugnltnile In the iHirthcrii sky. 
At Iho mccUng of the Aatronomlsrhe Oesrllschaft tn 
IHBO, when, after four yenrs of preliminary dlscaaslon, 
Ihe project was formally initiated, tho plan of work 
iidoiXod wai the one presented by Pr. Arthur Auwem, 
a young astronomer, who, three years earlier, had been 
iHoeted to nKnil«rship In Ibc Herlln Academy of Bd- 
enoN to flU the place left vucaiit by tlie death of Kiicfce. 
to view of Anweis's youth -bo wai then only thirty-one 
—thla was a notable recognition of his ability. Hut 
evon more algnlflcant was the fket that to him wus also' 
cnlniated the ail-lmpwtant duty of .preparing the MyB- 
tem of fnndamental atar placea which provided the 
tbamlatloa fbr tho entire worii. 

It la Impeoslble, without running unduly Into techni¬ 
calities, to give au adequale idm of the duncultles 
atlendlng the cOMtiuotion of sneh a fundamental syo- 
tek of Otar placea. It moot sufllce to aiy that It rc- 
qglrM tlw'bItiIMt order of ability, a profouud gna|i of 
tbo princIplai'of 'gravltatloMi oslroiiomy. a comprehen- 
idva kuowMge^of ttor caUlogtNa, rare judgment, and 
a awatery of datall that la fllvea to but few minds, 
ttesr well qualtflod Anwaia wu fbr the reoponolblllty 
pla^ upon Urn b evlffBat paa the feet that the 
fUnduwntal votam ha Abofatad more than forty 
yeure ago la adopted. In aU lfe aaaautlala, aa tbe foon- 
datfea of the grputw part of the moat refined meridian 
week of the pa ew at day. 

^ eamaettea with lbs •AetniMimiseiM daselUehaft 
OkthkiM* dM not eiM with the eepvlee I here dt- 
MdhsA In addUlea, he uadigtoolt the obeervattea of 


one of the seetlons or ••sism's" of (lie catalogue, piNxtiie- 
liig H model work, mikI wiih s<n,ii nuide ehiilruian of (he 
ixjiniiilssloii in ebargn of Hie entire projwt, n ismltlmi 
he held to tbn dale of tils death. .Iiimiiiry '.'till, 11)l.'>. 
Ita success, theri'roro. Is lu liirg,' mcHsiire due to his 
careful ploiiiitiig and wise giildaiH'e. Isiiig Iwforc his 
death be had Iho catlcfaetioii of ws-liig Hie orlglual 
CHlalogue comfHeted by canIrlhiiHoiiM from no less llinn 
twelve grent otmervatnrles in Kiiroim mid Amcriea. and 
of having tbo pluu i!Xlumle<l, again uiuler bis tUns-Hon, 
woll into the southern hemlaplierc. 

(]. F. J. Arllilir Anwers was Isirii In Htillliigeii In 
nets and rixvivtsl his eiirly (shiciilhHi In Hie si'lnsils of 
his native city. Ilia liderest In nHlrnncin,v wns ninlil 
fested when he wna sHII a mere Is.y, iiinl even iH-rorc 
be reoi'lved his dta-tor's degree iit Krinlgsherg tn I.Sfll!, 
lie hml made umny liniwrtniit eisilrlbnllonx to It IsiHi 
ti,v oliservattoils iiiid by thcoreHciiI liirenllgulliiiis Ills 
dlsHcrtstlnn fur Hie d<s.|nrntc. on the vnrlnble protier 
motion of Pns'yoii, placed Mm at cnee In tbe front rank 
of astronomers. In this rcseaieh be slriiek (lie keynote 
of his future life-work, “the tnxiliueiil of sll ipicsilons 
cmux'rnliig tho ismllloiiH siid moHoiis of Hie stnrK" 

Tlie fundamental data iiisiii which nil sliidlcH of Uie 
mechanics of the stellar uiilvorsc depend iiro the ixstl- 
Hoiis of (he stars on tho eelesHnI sphere, tlieir apisirent 
molloiiH on this sphere (technically, their •'proper mo¬ 
tions'’), their radial vehs'ltles, and their dlslBneea. The 
flrst two of these elements ore ilerlviHl from Hie star 
catologites hosed on meridian alssTvaHnns. Oiio uf Iho 
most Important of all star rstslngnes la that taoeil upon 
tbo oboerraHoiin of Hrndley. nt Greenwich, alsiut Ihe 
middle of tho eighteenth century, for Ihiwe oliserviiHiMiH 
were (ho flrnt that are at nil coni|Nirnhle In sjslem ninl 
In ncTurary with those of iinslcrn Hiisw. aiid lliey were 
absi sniwrlor In those of Ms stireessora for fully half a 
century. As the (Imo element Is of Hie first ctinse- 
quenco fai thu derivation of niellar |iro|wr midlnus, 
Bessel, who In 1810 made Hie first rcdiictlnu of the 
Bradley oboorvatlona, was fully JiisHfled in giving his 
work tbo tttlo "randamento Astronumim." Bxcnllent ss 
Deasel’a work was, tho rapid progress of astronomy In 
the next half century led to n more neenrato knowledge 
of the fundamental astrenomScnl coiistBUts and to more 
refined metboda In the reducHon of meridian ohserva- 
tteOB, and It abw bocamc eHdent that aome of bis 
BiiaiBpUoBa raoiieetlng Bnulley'a tnutnuMat were ami- 
naopa. A asw luductloo was tharefare highly desirable 
aad this waa nadortokan iqr Dr. Auwars tn 1868. He 


liroiiglil nil Ills skill nnd s|s>elnl knowlixlge Into pbiy 
and Hisinsl no isilns In liisiire Hie iiliiiosl iiH'iiraey In 
his work. The riwult of Hie ten years' Inlsir II Involvixl 
IIIIN Iks'Ii well cHlInl n ‘'miisleiiihs'e mid a nnslel.'' Tin- 
.tnwerH'ltriidle.v niliilogne ill oiws' IsHsinie the Hlnrlliig 
IHiliit fur all dIseiisNixiiH of prois'r luoHiiiis, ii inihIHiiii It 
will prnlsilily liMid for nil time. 

Ills fiiiKliiineiitiil MjMlem of star pliiiv's, Ihe Aiiwers- 
Itriidle.v nitiilogiie, nnd Ids oilier work In reliilisl lleldH, 
will form .\uwersV most eiuliirliig luoimmenls, Inii lliey 
lire fnr fniin iniiiprlslng the fnll meuanre of Ills ni'HvI 
Hivi. Thii't, he wns eliiilrniiiii of Hie (lerniiiii ('iiiiiiiiIh- 
shill for Ihe dl•ll■rllllnll|hl^ of Ihe soliir iNiralhix from 
llii! traiislls of Venus In isll nnd In IWC!. He lisik Hie 
liNidliig inirt In pn-imrlng thu observing prugniiiinieH, 
csniiliiclisl In (sicli .venr iiik> of Hie exissllMoim seiil <Hit 
hy Ihe goveriiineiil, nnil iN'ixoiiiilly dlreelisl Hie elnlse 
nile dlseussloii of nil Ihe resnllH~ii truly iiioiiiiiiieiilul 
Work wlilrh fills six Imw ciniirlo volnnies. 

From 1S7R to IIH'J Anwers held the ihwIIIoii of sce- 
ivliiry of the Sis-lloii for MHlheniiitlcs nnd I'hyshvi In 
the Koyiil rrilHsInn .Vcndeiiiy of Seleneisi I Merlin Aead- 

eiiiy) and his Iselfiil .. of Hie iniililfold diiHes of 

lids olflee, logelher with Ms unselfish mid tlrehsis devo- 
Hiili lu Ihe InlereslH of Hie iii'iiilemy, wen* gmlefully 
HI kiiowliHlged hy his isilUsigiiiw ill Ihe inis'lliig of Jiiim. 
‘J.Vh, 1DI2, when lliey relebrated Ids Juhihx- the lirilelli 
niinlversary of Ida grndiiiitlou iis divlor of philosophy. 

Ho fminded tim Imrciiu of Hie " Hlalori of Ihe Kid 
ereol Heavens" (Giwchlehln des Flxsternhlinmelsl. 
whose object it Is to colhs*t nil uf the iiierldhiii oliser- 
vutluna of stars hIikx' Briidley's time and to (ximbliie 
them Into u single systemnlle cvilalogiie. He wns a 
niemlH'r of Iho isuimilssloii ehargixl wllli Ihe orgmilsn 
Hon of Ihe Aslrotih.vslnil llhsiTvalory ill I'olsdmii, and 
Hsslsljed In Ihe siiis'rvlsloii of Its constnielhiii nnd of Its 
mmiagelneid In Its early yenrs. lie wns nlso ihe llrsl 
preshlent nf Hie liileriiHlIoiial AsNoelHlhiii of Aiwdemles 

Auwen'i conimniHlliig nnslthiii In Ids ehoseii oetancr 
wns fully reeugidseil In his own ivniiilTy and Ihronghnnt 
Iho world. His own government gave him the title 
Wlrfcllchcr Oclielroer Ober-negierungornt. nnd nt thu 
lime of his death he was Kniixler di'S Onteim jsiiir lo 
inCrlto fOr Wlfwiischaft und KUiisto. For more than 
twenty years iN'fore hbi death he had been a member 
of the Sevan leading NaHnnal Academies of Kclenre In 
Europe and America, a dtstlnctlon In which hut two 
oHier astrenomera of hls generaHoii shared - Newcomb 
and BchlapardU. 
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The Motor Truck in Modern Military Service 

Many Uses for Motor Vehicles. Which Have Become Indispensable in War 


In Aitnra wan tba motor truck will be employed 
extenalrely for carryliig anpplioi from the rallwaya to 
the front The railway Him la the aone ot action are 
nanally deatroyed noon after the beglnnlna of boatllltlea, 
and weelm are required for their reatoratlon. Ibirliut 
the tint wedm of the war It was elmoet ImpuoHlblo to 
traiiaport aupidlee adeqoately from the uulnjuiwl parta 
ot the rallwaya to the front by' meana of honedrawn 
wagona, but thta oaeoitlal aonrice can bo performed 
very well by colnmna of tralna, each comiMard (rf a mo¬ 
tor truck and a trailer. In thla way honea are apared 
for other military iM«, and tboir elimination leaaena 
diaraae among the troopa, aa oxperlenco haa proved. 

Tim material and tactical aoperlority of motor trana- 
port la innatrated by the following example; A roinmn 
of twenty motor tralna, with tbelr beida 00 meten 
apart, will occupy a atretuh of 1 kUuraeter end will 
carry 180 tona, allowing 0 tona to each motor track 
with Ita trailer. At a apoed ot 10 ktlometen per hour 
a diatance of 100 kUomotera would bo tmvelod In .1 
day of 10 bourn. Doraedrawn waguna, with a apecd 
of 4 kllameten per hour, wiaild ocnipy 30 to 28 houra 
In traveling 100 kllometcni, allowing for the haita re- 
qnlnd for feeding an<l rent If each wagon carried 
one ton, 180 wagona and 800 honwe would be required 
for the conveyance of 180 tone, and the column of 
wagona, with 12 motcra diatnuen between their hcada, 
wunld be more than two kllamctem long. 

Tbe motor tralna contcmplnted In tlila example, com- 
poaed of mlllfnry motor tmeka and tmllon of the heavl- 
rat type, wonid meroly conned tbe mllwaya with the 
campa, whemu the aorvico would be extended to the 
firing line by lighter motor tralna or light motor tmeka 
without tmllen. Snch light motor tmeka have already 
been adopted In all irmlna, eapcclnlly for carrying anp- 
pllca to cavalry detnebmenta wblcb, advancing for 
ahead of the main nrmy, nrgently need a rapid and 
efllclent tranaport aervlce, not dependent upon animal 
traction. Allbongh tbeae cnvalry Irucka can carry two 
Iona and can, when loaded, aacend ateep gmdea on bad 
roada, they are oonatructod with eapedal reference to 
forlUty of taming and gmeml mobility In order to 


avoid Impeding cavalry movementa, even In eaee ot 
retreat 

Tbe naefolMaa ot the military motor trade la not 
limited to anpplying an army with ratlona, fodder, weap- 
ona, ornmnnltloo, and other neceanrleo. The many 
norcl toehnleal appllancea of modem warfore open ad- 
dltlooal flelda of apertol naefnlneaa. The newest mill- 
lary arm, tbo aeroplane corps, requires light motor 
trucks for tbe tranaportallon of foel, inbrkanfo tools, 
and repair materials. Three tracks are almllar to the 
cavalry trocka and are likewise built to “go through 
thick and thin,” and to escape qnlckly with their freight 
In the evmit of danger. Motor cnintbniies of qaxdal 
<-«iatractlon are provided for carrying the helpers re¬ 
quired for the landing, housing, and aalvage ct aero¬ 
planes. France, wblcb baa taken tbe I«d In thla ape- 
dal field, haa experimonted with motor onnllnuea de¬ 
signed for a speed ot 40 kilometers (about 25 mllea) per 
hoar, when folly loedeil and manned, and even with 
amaUer veblclea, provided with pnenmatlc tires, and 
designed for a of 60 kllometen (37 miles) per 
hour. The reoultB of these expcrlmenta are not known, 
na the operalloaa of French military aviators are hedged 
about with the m.ait profound eecrecy. 

Almtalpa llkewlao need motor trucks to carry men, 
tools, fuel, and luhrlcantsi The French are now trying 
to supply alrahips with gaa by means of motor tracks, 
each carrying a largo tank ot compr e ssed gas. 

The employment of tbe motor track for the trans- 
ralaslon of dinpatebea In the Hold la a subject of some 
complexity. Thla was Uie fimt military nae cf the auto- 
inolille, which served merely oa a conveyance for the 
dlspalch bearer. 

The Introdnctlim of the motor track as a means ot 
communlcattou In of later date. The motor trade not 
only cariiea toola and materials tor the telefrapb, radio 
telegraph, and searehllgbt corps, but Is used la other 
ways. One Bnropean army p o aa c a M B tracks, on wbldi 
field telegraiih and telephone cables an colled on drama, 
which are wound up by the motor when the Une U 
r em oved. The track may also carry a dynamo^ driven 
by the motor and eiqfplylng current for n radio or 
aearehllgbt aUtton or for charging telegraph and tale- 
phone aforage battertea, A Hnralan military track haa 
Ita motor mounted on a detachable part which aloe 
carrlea a dynamo and aearebllgfat and which can ha 
pulled or pushed, on a hand cart up a ateep hlU or 
through a wood, wbldi tbe heavy track could not aur 
mount or traverao. A complete sending and receiving 
Rtatlon for wlrdera telegrai^ and telephony, Indndlng 
a teleeooplnf meat may be conetracted In antanioblle 
form. 

Another rwj Important bramfo of the motor track 
aervloe comprlaas tbe core and tranaportaUon of tbo 
wounded In tbo Bold. Bosda haa racanOy expaclmentod 
with autmoobUo Odd bcapttala, aqatned wMi all 
requisite medical and aurg^ appantat Indndlng a 
ilynamn for lllinilnatloa, opentlag Roeotgon nppantua, 
etc. These axperlmeots appear to bavo bean sneosaa- 
ful, for the Rnadoa govwnmant boa otdatad a nmbor 
of these vebldee from Bwitaertand. Anetber Rwrian 
innovaUon U aa antooMblle oadmlaaea eapahto of 
canyliig twelve or Boro womded men. Wa ^ tq hn 
used for tbe qieedy reoovil of wouded trerattw Mig 
Hoe. In besieged fottModpUeee,alaitaasoa«pMikil^ 
would go at night nnUghtid, froai hattatr to hiliary. 
to coUeot tbo wounded and tmtaport tbm to (to hdi-, 


pltaL filmllar refaldea, arranged ae oamlbusea, and 
carrying thirty paasengets, have bean amployed expail- 
montally In Riimla tor the tranaportatlon ptlaoneio 
of war. 

France la Introdudiig Into bar Hold postal sarvlae 
motor traefca having a apoed of 30 kflometen (18H 
miles) per boor. 

It la evident that tbe military motor track has en- 
Ictwl Into now flelda ot naefnlneaa, the devdopMent sad 
exploHnttoo of which will pradnee a oompleto revoiottan 
In tranaportatlon, commnnloatlaD, and egulpenent It 
Is rery dedrabla to nae the moton of thaao trwfoi for 
other purposes than propulatoo. For asnml yean tho 
writer baa be«m occnpled arlth the deraiopMent of tUa 
Idea and has attentlvdy Mlowad the experlmaiits In 
conatracUoa and application that have beeD made by 
foreign powers. It most be staled with emphaala that 
uur Kastorn and Wcetern uelghbon hare devoted to 
a|>eclal types ot military antomoMlo an attmtton for 
greater than is generally known. 

The Ituaalan government. In particular, boa otderod 
many rehldea of various special types dnring the loot 
two years. Franco alao exhibits great activity In this 
field. Tlie autcmoMllaatlan of an army la now a sig- 
nUlcant Indication ot tbe height ot the war barometer. 

(Abridged from the RrlcgtfeolMache ZeUtehrl/t.) 

Out of the chaos of cooflloUog and vague reports 
from the European batUdkdds there arises dear and 
preeminent the enlogy of tbe antomoblle and aaotor 
track. Put to the tost of war conditions tor the flnt 
time dnee Its Invehttoo, with the exception of lie very 
limited use during the last Balkan war, the giadlse- 
drlven motorcar haa more than folfliled the espeeto- 
tlons of Ita advooetae. It has alaMwt heeome.a ttaeaoM 
“brofflldlom” to aay that the modern motoenr hu bean 
an Important foclor In the rapid eonoeiitntloa and 
transporlatloa of armlco, and that bat fw the motor 
the Uerman array could not have mteceeded In advone- 
iDf to within twenly-mllea of Paris In the abort ageoe 
of fonr weeks. Even the moot eunory taste of the 
daUy prem has bean glvoa to understand that the Oer- 





Cbanreur’i pest in BelgUn armored car. 





















A mNt track need br the Gcrum m a 

The attack thllcd; the analec hare been lacked In Tlan- 
dan and ahng the eaatera frcBUer of Trance for 
Bontba. But the aatanoblle haa loat notblna at iti 
taapoctaBoa It baa alnply taken np other dndaa. 

lamaiy teeUea to^ may tie aald to teljr pre«iil- 
DentlT OB the motn and Ita apaed. Attache reachlnc 
forward at tba rate of thirty nllea a day are no novelty 
In 19UL Batreata, In coapleta order, at a weed of fifty 
atflaa a day woold hare been called Impoaalble by mlU- 
laty men twenty yean a«o. The motorcar haa leToln- 
tlontacd warfare. In Ita coeaplote deetroetlon of all the 
Ion of ocBtnrloa ragardinf military taetka It baa proved 
an rnthlen aa the inneh-talkcd.of Cficentlmeter dcse 
gun of the Oetinana haa to the fortreaaea of tho paat 

In dm caae of Trance and Oermany, the motorbUNoa 
and Intarncban motor paaenngn ooaehea have proved of 
tremmidona valua Germany haa an estenalve ayatem 
of y —m i g e v coach tnnwoitation nn nnder the Inrle- 
dkUon' of the poat olDoe '‘mall eoacbea." More than 
8,000 of theae atnrdy and ewadoua vehkioa have been 
ttantanned Into aalUtary vehlelee. eapedally for meat 
traiwport to the front The etme meat be aald of the 
Treneb bneae, long Itnae of which may be eeen at aU 
ttmM aevetal mUee behind the bettle trout 

The nriUtary antborltlea tOreeaw the greet aervlce 
that pow« wagona In general wen called upon to per¬ 
form In the event of war, and, aa In all the leading 
coantrlc% they eodeavored to have all the power wagon 
tradok Including tho onee need with antobna body, built 
anordlng to tbe ganeral atandard regnlaUom Inld out 
hy'tha War Department In thla way the trnCka of tho 
Butobu ere In leeHty a typo of power wagon dwaalB 
vrhlcb conforma to the aanw sUndard rnlea aa apply to 
tbe Urger power eera Tor emergency eaeea or rapid 
meneaveta, a conaldarabla nninber of troope can be 
liutantly ant to e emtaln point of the battle either In 
antUMB or on other klnda of power wagon, and this 
might often the laane of eventa 

The popelar coooaptlon of lines of Infantry In 
trandma, Interapereed with motor oonvaye loaded with 
ammonltlcn, etCn b pan fdly. Motor convoys an mllea 
and mlbi In the rear of the battto Une, aa far beyond 
the nuwe of heavy artlUery fire la poaalble. Oonnec- 
tlon with tha firing Una b maintained by tebidiooe and 
by mototcytib fibpateh rMete. In feet, tbe utter are 
pcanring tha antoeMbllea hard fbr honora tai thb field. 

One of tha awprbw of tha Brltbh expedlttonary 
ftueni has bean ttae.cnodbnt ahowliig of the fiest of 110 


I ambelanee. A type of ear 

Toden steam Irueka aa heavy Iraetora. Tor alow haul¬ 
age of three and more Irall^ of heavy artillery, and 
aa repair wagons with complote electrical eqaipment, 
these steam trocka have given Invalnablo aervlc& They 
are eaally kept In repair and they bnm small anthra- 
dte coal aa well aa erode oU and keroaena 

Bzoept on the fast cere need by the officers, pneii- 
matie Urea arc strictly tabooed. Rven on motor ambn- 
bneea the eoUd robber tire le preferred, becauM of the 
Immenae truoblo caueed by bnlleta or abrapnel penetrat¬ 
ing Ibe pncnmatlc—nanally at the meet lunppurtnne 
momeot On aome of tho BrUbh armored cars twin 
pneumatics are need on tho tear whoola, but In the 
majority of caaea aoUd tires have been monnted. Rafety 
In thla caae b yoforred to a certain degree of comfort. 

Motor track ezperU now at tho front calculate the 
dMlructlon of vehlelea at about 00 per cent of Uie total, 
figuring that not more tben 40 per cent of the motor 
tmeka aent to the front will ever return In condltton 
to bo naeful for anything elan. The estimate of the 
BriUah b aUghtly higher, roacfalug nearly 70 per cent, 
whUe that of the Oermana la leae than 50 per cent. Bev- 
eral handled good Britbh and more than a tbouxaml 
French and Belglau tracks are reported to have been 
reiialred by tbe Oermana In tbe Mg T. N. ami Minerva 
automobile fkctorlee In BoUdam. The Minerva ptant, 
eapedally, baa proven of great value to tho Invading 
army, bemuse of its location at Antwerp, no near tho 
aceuee of fighting. 

Among the apodal types of vchldea employed In the 
campaign are a numlier of 200 hurao-powor motor plows 
which dig trenches throe feet deep faster than a hnn- 
dred men can dig them witb spadea. Huge steam 
tricton with regular roller wbccia for smoothing rueda 
are used for pulling the hoariest weights, while cater¬ 
pillar tractors, of tbe typo made in the United States, 
pull tbe heaviest siege guna. 

Aa was to be ezpnded, reports from the various scats 
of war tdU ns of the widespread use of srmored anto- 
mobUcB. Most of tho nations Involved have made ex¬ 
haustive esperlmeiits to determine tbe most anlttble of 
the types, which range aU the way frum ordinary tour¬ 
ing can the aides of which are covered with ateel 
plates, to huge moving forts. Tbe moat mtlafoctory 
cars bavo, natorally, proved to be those between tbe 

Tbe aervlce rwinlred dictates to a brge extent the 
deolgn of tbe car. In the early daya of tbe war, tbe 
Germans made groat uae of standard N. A. G. and OpM 


wed voy efiectlvcly by the Belgian army. 

tonrliiK cars, to the fddoa of which are fastened atocl 
pbtee of 4 millimeters Ihlcknesfk No guiM are inunnted 
on tho cars, the occupants being armed simply with 
rlHes. Owing to the comparatively alight Increase In 
weight over ordinary touring trim, these ears posanni 
mobility of a high order and are well suited fur scout¬ 
ing. They generally carry on each side of the dash a 
vertical rod having a knlfc-erigr In front. Tbe object 
of thta la to aever any wires which may Im atreU-hed 
across the rosd, goiicsrally at I lie height of the pilot's 
heaA 

Much heavier arniort'd vehicles have also bam miido 
nsc of by tho Oeriuniis. Tlicso ore wnerally trucks on 
which sre maliilaliiisl 6- or 7a>iilliii(*ti‘r Knipp or 
Krhardt gnus. The smor plallug Is very heavy, being 
about one balf lisli In thickness. Tho rair wheels hare 
twlu solid Urea and tbe front disk whcela have single 
Urea of the same type. 

Tbe Belgtans possnss few. It any, Iwavlly aruHitcd 
automobUes. They piu thdr faltb to lightly armored, 
highly mobile cars, which have proved highly aucccss- 
ful. Their sliced and ease of mnnipulallon enable them 
to rush to tho dcstred s|M>t, make a sluirp attack, ami, 
If nccesaary, retire quickly. 

Ro far, little has been hcerd of Freiii'li uruinnsl ears 
In the war. It Is known, howover, that the aulhorlllcs 
lioHscss a number of “Iravellug furls" manufaclored by 
Oharron (formvriy Charroii, GlradiiC ot Volgl)i and 
Schneider of Isi Crousot. 

Ro fiir as known, tho Eugllsh armored aulomobiles 
aro merely light Dulmler truefca of the subsldlaed type. 

Itcferrlng to the large number of motorcars that have 
bcou reported to have failed or broken down In acrvice, 
an Euglmb authority makes tho following efimmcnts; 

"It miwt be borne In mind that, ao far ns the Brltlnli 
forces hsve been concerued, tho campnlgn has been 
practlenlly cnllrely over a country possessing gissl road 
sj'stcms, albeit the anitaces aro not of wlint Iho for¬ 
eigners calls the billiard table Riitlsh type. They aro 
snrfaces, nevertbelcaa. Incomparably better than will be 
found either In Russia or in our domIuUiiis oveiweas. 

"It Is aatlstactory to he able to record that to date a 
very high proportion of tho vehicles that have fallen 
out of service wllh the British force* In France have 
done ao for quite trifling reasons. Rome lltUe thing has 
gone wrong. The machine being bat one type among a 
wide vaiiely employed, there baa bceu no opportunity 
to replace the smaU pert that haa fallat, therefore tbe 
vehicle has perforce had to ba scrapped, (bough a part 
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H’olKliliiff niily a poDud or two, coatlDg pctbiiM a fttw 
hIiIIIIiikh, or uvcii a few iwiHW, la the roIo oiiimc of the 
IriHihU". 

'mlH iia-aiM limt froin the iwlnt of vktw of the an- 
ihorllk-H the ant and uioat iniportaiil linwon of mechan- 
liiil tranaiiort In connection with tlita war la the need 
111 nlmilnle atandanUiatlun of tyiica, particularly na 
n-Kanln IntcrchauacahiUty of lairta. 

‘'I'tvery iiiunutoct iirrr cxploltH bla liiillviauallly to t)ie 
iiIiuohI, aiHl NtH-iiiN (o coiiHldcr It a crimu that he ahould 
iniiiliKH' a hIiikIc lairl of any uuichinn Hint could hy 
rliHiKf lie iiHcd III comiiioii by a ioakiir of any other 
\elili-le. 1 'lie ruault la that iiut only fur every uiake, but 


actually for every model, of motw vehicle prodDCCd In 
thla country end employed In nieh oporntlana on tbone 
of acUve oervloe ooudltloiiM, yog rtqalce to have au en¬ 
tirely Independent aet of apare perti and equlpneDt 

‘'From the campaigning point of view, of cotme, thla 
la abaollutoly ImpracUcable; lo much ao, Indeed, that It 
Ih the occaalou of oar gieateal Iomi of motor vehlelee In 
tlio exiiedltton to date. There wUI be no repetition of 
tlibi trouble In future campaltdia. The motor nMnutae' 
luror who will not prialnce aomothliig more or Icea In 
cuuiniiai with bla fbllowa will find Ultlu or no market 
for Ilia wnrcH. 

‘Tho cuiiMM of fullute arc, fur the moot part, eo ut- 


leriy tilvBl and as eogy to avoM hot ter par partly 
liimhir point of vIm, Ibat thnrt te no ateue ter the 
majority of breakdoanit. Of ooatat, the mawiteeliint 
will ray on all oecaaloaa that no machlac waa aver da- 
algned to ba ibnaed In awh ftaUoa ta obtalna at the 
tienL Tba anawer la every time that U he cannot de- 
algn and bnlld to wlthaiand aodi atralna, other tolk enn 
and da 

“In thla war BrltUi-bnllt oara bare not baon pat to 
any clow of work that duea not conitttate the ordinary 
and every-day condlttona of aervlce away from the Mg 
clUea la the United Rtataa of Amorlcn and In oar orar- 
Hcaa duulnlona.” ' 


The Evolution of the Elements: the Evidence of the Stars 


That the VarioiLs Clu'inicul Elcmonts Merge Into One Another by a Process of Evolution 

Jiy Juliu W. N, Sullivan 


It Iiiim larii n-uiurkiil Hull Iwu ilIvcrKi-nl Iciidi-iirlfH 
may Im illNllinnilHlHid in lln; lilHlury of SdciK-o. On 
Hic Ilia- bund may Iw Iniccd a ayiilhcllc pron-MM, by 
which wo rlwi from a numbur of upparenlly iMolnU'd 
ulMurtallonN to a Rcncriil law cmbnii-liiK Uieiii all aiMl 
bCHliiwIiig unity upon Hiciu. .Such a Hynlliuala In nccom- 
IiIInIiivI. fur exuiiiplc, by the law of uravllnlluii, wbicli 
wcUIm Inlu laie c<HB|irelH.‘nBlvc whole aiich dlvcnic pho- 
iiuniciia an Ihc cllliillc urblla ut the plnneta, the cxlat- 
I 1 H 1 I uf IldcM, and the diitallun uf the toiaiicraliin) of 
lh« mm. On llie ulhcr hand, InvcHlIpatlou wmieltmaii 
linicGtilH fnim Hie apimrently Hlmplo to Ibe iMiniilex, uf 
wlilcli wi- have a atiikliia Inatancc In the kliiHIc tluKiry 
uf iioni>n, where the oliacrvud very almple liiwa Ruvern- 
liiR Ihc relnllona of tho tcuiia-raliirc, prcaaurc, and 
volume of naaea, la ahown to lie due lo Iho very com- 
lilcx liilcmetlona of great mnIHtndcn of very mnnll par- 
llcIcH moving at niiidum; an InvcHlIgalloii ao complex 
that It iiecendtotcd tho creallon of a new mathematical 
method lo «ipo with Ha dHnciilllea. Whether, on tho 
whole, adencu progrcaaivi towanl unity or diveralty la a 
iluoMtlun on which oplnlva may h-glllmalcly be divided. 
It may be that w.-lonce la doomed In failure In Ha groat 
(•ITort lo reach a eomprehonaive anrvey uf Nature na one 
great unity, end that the malvrlal unlveran may ulH- 
matcly prove to he complex beyond the graap of human 
inlnda. Hut, however that nwy Iw, It la Indlaimtablc 
that the rcoant ndvancca In aclmicn have all been In the 
dlroellun of a greotcr unity. The evolution of the dif¬ 
ferent forma of animal life la a liuHon which hna long 
lawn familiar to na, and we have now come lo lliliik 
that Hie chemical elemeota thomaolvea have Iwen 
etulved from aniue onn primordial term. At praaent, If 
we confine our alteiilloii to lerroatrlnl pheiioinenu, I he 
cvlUeiiro In favor of Ihla view la not very aatlatectory, 
lull If we luni our nltentlon to the atara, Hiaae huge 
lubnmliirlna of Naliirc, the caao aaamneH a dUfemiit aa- 
IH-cl. It la well known tiuit the tight emitted by each 
elieraklil rIcuKnt, when lieated, haa dlotluctlve Iluea tn 
IlN aiawlnim. Glowing Malliim, ter Inatancc, baa two 
eliiinicterlattc bright yidlow tlnoa In Ha apcdnim. If, 
liiiwnver, light b jaiaaed through wallnm vapi'V. two 
dark llinvi, or abaorptiun banda, take the place prcvl- 
oiiHly la-eiipled by the two bright llnea. And thla la 
giuienil. The Blwnn>llun banda cluimeterlilng the vniair 
of an eteimMit correapond In Ihc bright llnm emltteil by 
Hie Niiiiie element when tiinilnuna. Ity thla method, Ibe 
iiiellKal of Hpcclnim aiiHl,iala, the cheraleil i-omiKialtlon 
Ilf Ihe Hlara haa been luveallgntod. The dark tines oh- 
Kf-rvaldc In the aiwrtra of the atnra tell the apoclro- 
MTiplat at once exactly what clemeiila make up their 
eonaHliiHoii. Kut thla la not alL The apcctmm alwi 
iilTonla evidenco aa to Ihe Irmiirralitre of Ihe atara, and 
ll la the dlalrlbulloii of temporatun) and chemical con- 
allliitlon wlileh haa alfonlcd anch lotouaely InlcreatlnK 
(.ainflrinatlon of Hie theory that Ihe vartoua chemical 
elemenia merge Inin om> amither by a proecaa of evoln- 
lloii. Aa an Imlleiillon of the way In wbich (In; apcc- 
Iriim may give eildence of tcmpcrolure, let ua conalder 
Hie eiiai- of Iron In on ordinary Honaeii flnum Inin 
hIiiiivh iioHiliig. Ill Hie tiluw pliw Hume Irtm mIiown Hie 
dnniiliig of a apixiriiin by giving a acrlea of Iwmla or 
iliilliiga, a "llulcd aiKWlnim,'* aa It la called. When Iron 
la mlacd lo the lempcraturc of the voltaic arc we get 
a true apoctnim, and thouaanda of llnea become vlalbla 
Thla, Incidentally, pointa to a very complicated otmc- 
turc for Iron, aince on the ninctron theory each line 
nirreaiiomla to n aiwcHIc period of vibration of the con- 
Hlliiieiil ulcfiinna If now wo take Iron elcctTodea and 
ciiiiw a apark lo iwen helwecn them tn a vacuum, the 
Inin Hiiccirirm umlergnea a remarkoble change. The 
thouaanda of llnea which prcvtoualy exlated dloappear 
anil un- reiilacnl by a few much more atrengly marked 
llnea, three of wbicli are epecUlly chaimetorliiUr. Sneb 


llnea are called the "mibanccd’’ llnea of Iron, iiml Iron 
In thla condlllon Is aald to fumlah, not a luetuHIc 
apcctrum, hut a prulo-melalllc apcctrum. It la evident 
Hut Iron haa n dlir»reiit couatitutlon In Uieao coaca. It 
would acem that llic thouuanda of lines In the metallic 
Hiwetrum are dne to the exlileuen of a number of un- 
NlHhlo iotcruiedlalc fornu which dtaappear in the higher 
uitcrgy candllloiiH uf Iho aiwrk stHWlmm, breaking up 
Into a muall number uf mure atablo terms. It la, how- 
uvor, hy no meana a-rtoln that Ihe higher energy of the 
Mpark aiwclrum cormtiwnda to a higher lem]s!ratnn>. 
Tlw tcmiwrature uf the afsirk cannot be meaaarcd, ami 
It la iMaalble that Ihe energy which cauacd the Iron 
dlaacdnUnn la HinuMt cnUrnly electrical. This may ex- 
(ilalu the fact that while the apectre of ccilain nebuhe 
would aeem to Indicate a very high temperature, yet 
other thlnga do not favor this view. When iwrtaln atar 
am-ctra ate examined It la found that under energy con- 
dHluna which cannot at present be obtained on earth, 
even Ibe apark aticetrn of cartaln metals dlaapiioar, 
showing alilt more complete disruption. 

We are m>w In u trasllhin to apptccUlo the biet, 
isiliitml out hy lawkyer, IlMt It Is in the hottest stars 
that Ihe slmpleat forma of matter are present, and that 
Hie Incundcacent laatics of Ihe milvorse can be clasalBed 
on Hila IiumIm. TIic following elaaalficatloD was provl- 
aiouuliy aulimllted by Iax>kyer In bla book on "Inurganle 
Kvolutlon"; 



Tho larmlnallou "Inn” In the above table ia oacd lo 
denote an epoch or stage In the prueens of evolDllon 
much aa the same termination Is used la geological 
evolultuii to deneto the varlom strata; as In ibe words 
"Devonian” and "Rllurlnii.'' Tbc names for the ateUar 
eiKieha are dorlvml eillier from Ibat of a typical bright 
alar which posscasca at the present time a temperstoro 
Indicated by Ha 8i«ctrum, or sometlmeu the name of the 
conatellatiun tn which the star la found. Where two 
columns at names of atars are given, those In tho first 
column are atari at which the temperature la at iirasent 
sniipoaod to be Incnsislng. and where evolntlon would bo 
reversed or In Ibe direction of disintegration. The 
second column containa atari with decreaalng tempera- 
tiin«, where elemental evolution toward higher atomic 
weights Is progieaalug. Our own sun would be placed 
In Ihla column at the level denoted by Arcturian. 

It will be notlcwl that at the head of the Hut are 
Niars called proto-hydrogen atan. These are the hot¬ 
test of all oboerred atari (they are In the coutellatlDn 
Argo), and In their spectra we meet with a scrUii of 
lliicH bHoiiglng to no known terrestrial element, but 
Nlsiidliig in rvlallon to tho known hydnigen Ilissi. From 
Ihe way In which the lines occur, they axe considered to 
Indicate a form of matter which la the precuraor of the 
clement hydrogea Additional support ter this view la 
obtalnad from the tect that there are other llnea praae n t 
concspandlng to the lines obtained when hydrogen la 
sparked electrically la a vacuum tuba. Unea of bOUnm 
also occur, and tinwe of proto-magneslam and proto- 
caldam. No llnea of Iron am vlilble here, even In the 
ptmto-form. The hellunHita atom ooiqirlao thof* when 
the ipectral Unea of boUnm am prominent, eaio^tod 
elweye with hydrogen, and where, In ndditloa. the 
siwetml Unea of pruttrearboB, osygen, and nUrogen nm 
clearly vlilble. Dsaoendlng lowv In the eenla of tiB- 


[s>rulut«i, we cons) lo Hu- pngn-uivlalllc stars. In Ihenc 
slurs Ihu prucursora of such metals as Iron, coiiper, 
manguiwsp, nickel, tllanlum, and cnlrlnm make their 
prominent appcnrauci- In the prutivmotallh: form. In 
IliH metallic stars tlie tindo-spectru Iswomo dim end dls- 
a|i|u>ar and we rreeh a Iciupumtiiro corrcsiioadliig to 
Hint uf the uitlluary voltaic alr-src, us shown by the 
Hiswtm of such nwluls na culdum. Iron, and manganese. 
In the but clam uf stare wo obtain HiiIimI apcctra, capo- 
ctally of ctirbon and mangniswc, wlille tbo linos uf the 
unlsHIc eiwctm tssusne mnch fainter. 

Tim procem of elemental evoluHon Is Hius made 
visible lo ns lu lls sncceaelvr stages, owing to tho tact 
that the vurlmm etin open lo our ohwrvallmi are of 
dlilorent temis-rntum and dlirerent ages. If we could 
extend onr observallons over millions of years, we 
should doubtleas see the hottest atars, the proto-hydro¬ 
gen stars, gradually changing their apoctra u they 
evolved hisivlcr and heavier elemenia, nulll they sank 
to too low a temperatun to be any longpr vialhln With 
tho evolullnn of the elements completed, we enter the 
region of chemical oompoundi and the evolution of Um 
dllforout terms of matter with which our dally Ilte 
ronders m tamlllar. Dlltorlng from chemical cum- 
iHtunda, and laler tn thelt evolntlon, we have the cbl- 
lolds, the most complex of which arc aasocUted wltb 
Hio manifeetallon of Ilte. Once lite apfmera we enter 
on that steady march from the prlmlUvn protoplaamlc 
temn to man, with which the biological theory of evo- 
Intlon baa rendered ua familiar. Rucb le the tremen- 
doua genersIlxatloD toward which modem sclHice la 
jmigroaring. From energy comhinatlona wltb Ibe ether, 
producing the fundamental unit of matter, the electron, 
wc rise through an unbroken Kqnence to man blmaelf. 
And there we muat atop. What courae evolntlon may 
isirsuo In the futnre we can only very dimly acei. Wc 
are the last link yd rencbeil of n king chain, bnt what 
Ihn ultimate destipy of man may he, who ohall anyT 


MunfMture of AnUsepticf 

The following atatemeut Is Isauod from the Imimrtal 
lintllute; 

"liltberto the mauubeturo of Ibe well-known antl- 
srptle, thymol, haa lieen pncHcolIy confined to Oer- 
nmny, notwlthatandlng the tact that ajowan aeodt, tbc 
oil from which la almost tba sole eonreo of oummerelBJ 
Ibymol, ere grown on a large acalo coly In India, which 
haa ihna boon supplying Germany with the mw mate¬ 
rial of a valnabie Indnatry. No further auppUoe of 
thymol hdng forthcoming from Grrmany owing to the 
war. the price had Increnaad almost eight-fold by S«i>- 
timhor laat, and la even now 21a. Od. per pound, as 
against Oa. per ponml before the war. 

'There la every reeimi why the United Kingdom 
ehouM now become the chief ceater tec the manntae- 


tnre of thymol. The meontactnrlog pcocaae la qnUs 
simple, end nmple smVUee'of ajownn seed am enl(- 
Bble In India. The Imperial InoUtnle, white haa de¬ 
voted ettentton to thli pnhject, has now mode* Ingnlrlai 


taeturere of thymol tn touch with Indlu exporteto of 


“FortnnaMy, too, n British poa n w H ou can pcovtde n 
aubadtote ter thyoMl If ouch be reqalred. sub- 
otance Is eervtewl, white le oUelned from oUe derived 
froea a variate of identp. hot nrttcmiariy from tee 
wlgenum of Pypne. At tee laetnaM qt tee'imperinl 
fneUtote tela Orprw oriomm oU If eliendy bitog pro: 
dneed In nmuMRlal qutfltlei trm wUd ptente In 
OyproA ud la ms WH atpoctod thMiwto tee QiMed 
Kingdom to Um ntat of ma U la teUwed tUit tee 
ptaat can be eBtttwtod pcodtaHy add eq a 1u0 atele 
la Cypraq nad expMawbta to tela fBiuriieq alia aitem- , 
atood to havp Jtoadm b§^ r e t teropk. 
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OHS* 

Tk4 T Ufdrt oil* CM be fcoduMd by “gnddnc" heavy 
oUe hae bev known, and the pnweH hu been inetiied 
for nuHiy yean with the objMt of inereadhic the yield 
irf hynpK)Ua fhnn erode petnUun. More leoently the 
proeeai hae been aj^Ued to the manofaeture of caeoUne, 
vhioh-hi a muoh more dUBeult operation. “Cmoldiic'’ 
qillU np the moleeiilaa of the heavy die into ilmpUr 
eompounde withoat eompletely diBtqrtlnc them into 
earim and permanent gae, and in thia way an amount 
of low-boiling fraetioni an prodtwed that eannot be 
obtained by dmple dlatfllatinn. Two papen on the aub- 
Jeet were mad raoently before the Inatllution of Petro- 
lemn Teobiwlogiata by Prof. Vivian fi. Lewee, F.I.C., 
andhlr.^flUlamA.Hnll.napeotivBly. Thefumerdmlt 
with the theory of “oraddng” heavy olia, and the latter, 
to aduae paper we are Indebted for the following informa¬ 
tion, doeetibeO bla own and otiier prooeaaea frem a mura 
pmotieal atandpoint. 

There ia no need for ui to emphaaUe the Importanoe 
of any proeeaa whieb enaUea gaaolino to be prodnoed 
ftom heavy olla. Bueh oUa an available in laige quanti- 
Uee, and an much more eaaily tnnapartod than hIgUy 
volatile produo la, to that gaadine ean he prod uoed in any 
oountry. The importanoe of the "oraoldng” pmoeae 
may ahn be judged from the fact that the Standard Oil 
Company an apentlng the Burton proom on a male 
nifDeieBtly large to matnrially affoot the quantity and 
iniee of gaauUne in thia eountry, tbou^ th^ plant wae 
only Btarted on a oommonlal anale about two yean ago, 
and hi apite of the faot tiiat the iplrit pnidueed by the 
Burton praoeai ia undentuod to requin the addition of a 
ooniiderable pernentage of high-quality gaeoline. luMr. 
Hall’a opinion the moat eoonomieal aourne of gaeoUne 
in. thia eountry, and elaewhete, will be tho gaa-wurlu 
edien water-gaa la made for Uluminating purpoeea. For 
thii purpoee oil it uaed for earbuntUng the gaa, and, In- 
•lead of "oraokiiig” all the oil into permanent gai, the 
operation ml^t be oonduetod ao ae to yield 2S to fiO pv 
cent of the volume of the oil at gaeoUno, leaving tho 
balanou cither at aubetantially the name gaa aa would 
ardlnarliy be obtained, or ae a liquid rctiduo uqual in 
effleieiioy to the ga*oU of oonunerm. It ia thought that 
a gaa-worka oouM nndertaka the manufacture of gaaolino 
at about one third the eapltel ooat of a aeparate oompany, 
and could prodnoe it for about 4 onuta per gallon leaa than 
it oould be made in any plant uaed aol^ for Ibo puriMae. 
Thoru would ahn be ouDaklenhle Having in tranaporta- 
tion and aelUng coalt, owing to the fact that tho gaa- 
worka would be near the point of oonHumpthin, ao that 
the total eoal of the gaaoUne if ealoulatod at about 10 
cunti por gaUon. 

Thm are two dlatinet methoda of working, and each 
ayitum baa nurauroua rami8oationa. One method ia to 
carry out tho "eracking" in oomparetively large etlUi, 
where the operation may, or may not, be eontinuouf, but 
Ibore la alwaya a largo volume of oil aubjectod to a high 
temperature while moving at a low veluelty. It ia to 
tbia oUaa that the Burton preoeM belonga, and, anoordlng 
to Mr. HbII’i ozpetienoe, tho gaaoline obtained in thia 
way laola uniformity. The procoaa ia alao mid to lie 
flow, dangeroua, and uneoonomieal. Aeouiding to tlia 
other fundamental proeeei, which ii without theae ob- 
jeotiona, the oil ia “oraoked" oontinuoualy while paaaing 
through heated tubea. There are, bowewr, many 
dUBoultiea eneounlerfd with tubea whioh are abaent 
in the atill prooeaaea. The moat important of tbeeo la the 
dopotitlon of carbon, whioh, aoeordlng to Mr. Hall, can¬ 
not be avoldod, ao that meana muat be provided fur 
removing it quickly and otRciontly. In Mr. Hall'a 
prooem the produota imuing from the "eraoking'' alUl 
at a pr e mu r e of 60 to 70 pounda per aquare inch and at a 
vnlodty of iJOOO to 6,000 feet per mluito, paae into a 
chamber of, mgr, aixteen timee the diameter of the 
“emekiiig” tubea. It ia found that tho auddenexpanaion 
and redttotion of apeed thnwa down about 00 pu eent 
oC all the oaibon formed. The carbqn la dapotited on 
abort ideeea of piping with widoh the ehambm b filled, 
and wUah liruiainoved and eleanod ae required. Althou^ 
the bulk of the earbon b nqwved In thb way, aome b 
digoatted on the tubea of the "etaekar,” and thb b moat 
eatily removad by blowing oompreaaed air through tho 
heated tubea, Uuugfa other methoda are available for 
tor tiw purtwae. 

The prooeee b oatried out aa fdlowa: The uU, which 
b Btu^bd at a rate eueeding 70 geUene per hour and 
at a praee u re of 60 to 70 pounde per equare tneh, b flirt 
vapMiaed in a eofl heated by WBito beat ttom the fumaoe, 
gad b then pamed Into the "ocaddng" tubea; the latter 
•n i faMh in dbrnatw, over Mp feet In lengtli, and iheb 
tempcMaie b abdut 680 deg. Cfcnt. The viduelty of 
the vapor in the tubea ege«*di fljOOO feet per minute, 
wktekki ton grant tor nueh d«otit to be fonud; but. 
•» tin to«e time; tha "laeokW’wkWt oqeure b not very 
enttWrt.'ta the vapor pMaae tinugfa the tubea in 
afaMlhaeeeadi. .TVe vapore bnlag trem the “enuik- 



tag" tubea paaa Into a vorUort pipe, 12 Inehee or mom in 
diamets a^ about 12 feet high, entering it through a 
very eonfined ipaoe, whieh nob an a thiutUa, and pro- 
ferably impinging againat a bailte, lo that tho vehwity 
b radttoed very materially. Thb convurU the Unetlo 
energy of the gaaea into heat, and the temperature riaca 
about 30 deg. Cent., though the pieaaum faUa to ^ipiuxi- 
mately that el the atmoepbere. In thb pipe a largo 
amount of “oraeking" takm place without tho applica¬ 
tion of extraneoua heat. By thb motlual the taturior 
of the maei b hotter than the wall of tho nonhunor, and 
•a all the vapora are paeting upwarda to a ouolcr part, 
loeal aaperbeattag b prevented; no liquid uondennto 
haa ever bean ooUeoted fram thb ohamtaw, Thu vapora 
next paaa through dephlegmaton, whkh aeparate all 
fiaotiona boUlng below the ehoaen point of out, and tho 
v^Mta and gaaea paaring on am oonduoted, without 
further eondenaatian, Into a monhanical oompnoaur 
working at 70 to 100 pounda per aquaio inob. and then 
onnd e need through a eoolw at that prnaaum. Tho nim- 
pnaaor fulfib the doubln purpoee of drawing the vapora 
tiirou^ UiA Moondaiy “iirMikliig” chamber ami Ihu 
dephlegmatora, and of chemically atlaehing lo the cun- 
denaable liqtilda gaaea whioh would otherwiac be per¬ 
manent. After muoh experiment Mr. Hall haa abandoinal 
the iiac of water with the oil. and of liatalixing ageula, 
tnich ae lUckel, aa he found no advantage from cither. 
Tho mainU-nanee of tho exact temiwratiire roquiaile 
fur tiu) particular oil under Imatmonl waa, however, 
fuuiul to be of tho uUnuat impoctaium; a change id only 
a few degreea made onormoua dilftwnniM in tho quality 
of the produota and in tho produetion of gaa. 

Crude "oraekod" gaaolino la id a yellow color, and haa 
a peculiar vanilah-liko odor, due to tlie pmaeneo of 
retinoua carbon ooUuida. Moat of tho latter, hut not 
all of Uiem, raddn In the eoloriiig matter, and, when the 
gaaoline la refined to water wldtcneea, the diaagrueahin 
odor dbapptmn, but it will frequontiy return on agciug, 
though too gaaolino may remain water-while. When 
auoh a gaaoUne ii kept for aome timo in oontaet willi air, 
a rcaiuoua rod varniah depoeit b formed on the bottom 
of toe veaaol, though If evaporated over a water-lNitli 
Midi a deiwat may not apficar. A gaaulinn with tliia 
prupwty would evcnUially dog the valvoa of any engine 
in which it might be uaed. Although thia varnbh’form¬ 
ing product ia a raault of the “eraekiog" pruetva, it ia not 
inherent to all ‘‘rraoked” apirit. It b a prodoet of high 
tempentune, and "omekiog" oan he dune at Umipcra- 
tuiee ao low that the product dum mil form to any extent. 
At the aane time, if toe temporaluro ia reduced aufll- 
olontly to prevent the formation of reetaoua iirodueta, the 
yield of ipirit may bo too aroalt for ptufitable wnrUng. 
One way of getting over tlie difllculty w to mix aomo 
fully aaturated gaaolino with the “inaokud” gaaoUne, 
but thb metiiud haa obvioiia objeetioni. Mr. Hall'a 
metbod b to work at a tempoiatum lufflciontiy low to be 
oomparaUvdy free from the trouble, and without regard 
to any large oanvenion in the hsatod tubea, and then to 
uumbine the gaaea with tho eundenaablo vaiair liy llie 
oompremor, ai alaive mentioned. 

The motor fud produced in thb way ia ulaimed to 
be nntirdy free from any objeetloniilile odor in tho Uquiil 
atate, and to give an exbauat aa free from ainell aa that 
from ordinary gaioUno. We understand that aurb gaao- 
Uno has been used for thnuiauids of iiiilea in many dif¬ 
ferent motor ean witbmil any trouble from the aeuting 
of plug! or oarbouixing of oylindeia. Thero b said to lie 
uo more tendency to a smoky uxluuxt than there is with 
gaaoUne, provided a auflioient quanlily of air w aupplinl 
to produnu the best oxpiuaivii mixture Aimoat any 
"craokod" gaaoUne will give moro mUeaKe than gaaoUne, 
from 16 to ’A) per coni inernasn having been obtainni in 
oxtenrivo bench and road teats made by Mr. Hall. 
Knglnoa run on "eraeked” gaaolino are also aalil lo Iw 
free from knocking due to pro-ignition to an even greater 
extent than b the eaae with lienxol. It ia thought tliat, 
aa oomparod with gasoline, the "eraeked" gaaolino burim 
moro ^wly and Ignites mum raiddly, and this la too 
explanation offered to aeeounl fur the pfaenumenon. 

Tempentora Coeffldent of Magnetic Permeability 
Within the Working Bange 

Tuk devctoinaenta of luetbedB and aiiparalUH ter niog- 
lu-tle ueUMUremenla caiMble of nu nemmiy of 1 pit 
cent uuk« It rteeoaaary to eonatder tuctura which have 
heretofore been considered negligible. 

Many workers bavo studied the eltccta of temperature 
on toe magnetic permeublllly of Inm end steel. All of 
the liiresUgatloiui, however, bare been carried on with 
special reference to temperalurcs tar removed from the 
■tmoapbertc range. However, a few otbora have mndo 
some obaerratlons at tempernturcs between 0 and 100 
deg. Cent, which ehow that luductloa curves at two 
dlflerent tempRUturea ta thb regtou crom each other. 
For low IndncUoDB the magnetising force neceasiiy to 
produce a oortuln Induction decreases with Incroeso lo 
tewpemture while for hl^ loduettoas It Increases, 

n* aatartala exumlned hy tliese tavestigaton In¬ 


clude soft Iron, mild ateel, hard atecl, electrolytic Iron, 
and uIckcL Kwlug* atatea that “tho effects with atnitat- 
pbeiie flnelunlloim of temperature exert upon too mag- 
iietle i|iiHllty ore tiai Hllglit to rajulte to be taken account 
Ilf In siieolfybiB magnetic prota-rltea nt a Mmple, or In 
Mtatliig I lie rienlta of (■xiaTtmeiita.” Ho gives curves 
for aiiiHsilliiK Iron wire mat tilao for the same wire 
linniomsi hy atrctcbliig lieyond the elastic limit. Tho 
tomiicrulnnai were T or 8 ilcgrees and 100 ilegrcca. The 
data sliiiw that for a given liiducUon changes as liigh as 
0.11 |XT cent iMT degree in permeability may occur. 

Ill magnetic iiiensnremoiiU ut the Hurciiu of Rlaiiil 
unla 11 baa been found that for mugnetlxliig forces la^ 
twccii 1IN) and .100 gniisHcs tho lieallng duo to the enr- 
reiit In the niagiictlxliig colls Is HulHctciit to change 
quite niiprcclalily the Indin-tkm eorreaimndlng to a given 
iiiugiietlilug force. For this reason It has lieen Uic 
pracllu<. when making nieiiKiircmcntH where sn accii' 
nicy Ilf 1 isT eeiit Is deslnvl, to ImiuiTHe the niHgnrllx- 
Ing coils III nil, which Is mnintuined at a Htiindard lem- 
IHTSliire of 2.1 degrees. The preaeiit work waa under¬ 
taken to determine what the iiingiillude of llila lem- 
is'iuliire effiTt Is and wlicther It la ftwsllilc to apiily a 
iurrorlinii for the reduellnn In n Hlaiidard temiTniture 
of data liikeii at ntluT lein[s-nilnn's. 

MagiiHli- muiHiireiiieiilM at dlffereiil leiniienilnnsi 
wllhlii tlie uluiiMtilierIc niiige have Iss-ii iiinile on a 
iiiiiiiInt Ilf iimiIitIiiIh with illlTereiil heal IreiilmeiilM 
The nsnillN nf lliesi> niisiNuremeiils iin- nf siii-h a nature 
thill the rnllnwiiig naieliiHliiiis ws>m tn Is- wiirniiilisl: 

1. The teiuiN'nilure ctx-ntcleiil nf lungnelle iNTiiieiihll 
lly, Ihiaigh small, cniiiinl It iiegleclisl In magnellr 
menHiirenieiils nf high M(viinie.v. 

2. ilii ncrounl nf the wide rarlallnn In lein|Traliin> 
cis'llleleiit, not only for illiren-iil miili-rtiils. bill bIhii for 
the Maine ninlerlnl wllli illfl'erciil hisit treatnienls, enr- 
rectlnii eHiinnt Lo niaile to slandard temlsTHluro from 
ilaln nlilalncd from oIIht nuilcrtals. 

,1. I iilcMS tlie teinisTnliire cocfflrlpiil la known for the 
lairllriilar ninlerlnl iiimIit test, tempemInrH enntrol of¬ 
fers the niily menus nf avnVdlng the error fine lo tem- 
Iiemliiro eliaiigcs. at least where errors us grent as I 
IST iTiit arc to Is' avoliksl. (lomllllona often arise In 
praellec where the teniiSTiilnro of a apcclmeii may |g> 
rnlsed from 10 degrees to 20 liegrees above Uie tem- 
IN'rotiirc of llm nsm. dim elllier to a conirierHtlvely 
lieary ciirnait or to the jiae of colls nlnmdy heated from 
a provImiM trot. Htncc temiieratarc cocfliclenia may lie 
IIS great AH 0.H per cent per degree, erron aiuountlng lo 
2 tier cent or moro may exist 

These eniu'lusloiis hold in general, even though I here 
may lie mHlerlals which have very amall or even xero 
tciii|s>mliiro cocffldeiilR 

(!IorrrH)tottdftirf 

[rae ctUon are not responsible for statements made 
in the correspondence colnmn. Anonpmous communt- 
rations cannot be considered, bal the names of corre¬ 
spondents vcitt be withheld wkea so des^red.^ 

To the Edllor of the Scixanric AMXXirair HTTvnxMMT: 

On pegs on of the HeicNTiviii AMiairAn RurPLXiiinT, 
Kn. 20Rn, for January UOth, IDIR, there Is an ahstrad, 
of on arllele published In tho Loinlnii Times on '■OH 
Fillers," In the tenth, clerenlb, and twelfth tliieB you 
Klato that the water must not exiwl 0.001 pit cent In 
oil In order lo nhlolii a tllclcclrle slreiigtti of 4O,0(g| 
viillH In the RtniidanI test (0.1 liieh iTtween disks I Ineli 
III diameter). 

This, I hellevH, yon will find Is an error either In the 
dielectric atrenglh or else In Hie standard lest. If the 
dtclectrle atreiigtli Is 40,0(10 rolls for O.0OI isr cent 
molsliire tiio atandard test Is a 0.3-iiieh gap between 
O.Miieli disks. But If the 0.1 liieh imp 1s*tiveeii 1 liieh 
disks Is the staiidanl test, the dielis-lric sln-iiglh for 
0,001 1ST cent molsliire will he 2:1,000 volts. 

Plttaflcld, Hnaa. M. R. Tkkski.xr. 

To the Editor of the Si iKK riric AnKaii AS Si itixment: 

T was much IntcrcsIeil in the two i-nleiiilnrs whleli 
you rocently iMihllshcil. T have bei’ii working on one 
myaelf, doveinpliig one which was palillsheil In the Si p 
nxHEiiT nbont thirty ymrs ago. 1 have used sliinilard 
tables taken from eiieyelii|ssllas, and know that It Is 
ahaolutoly correet. I have testis] It wlieiii'ver I eonie 
Bcitaai any old dales and Imre tmiveil II to Is- aeninilc. 
f find several errors In Ibo cianiairallve lalile of the two 
cnlendan and also mbprlnts. 

OctoheP nth. 1402, Is evidently liileiidpd to be Octo¬ 
ber 12th—a historical date which occurred on Friday. 

January lOtb, .172, was on Wednesday, not Tucoday. 

Jannary lOlh, 672, Holiday, not Sunday. 

January lOlh. 072, Thnraday. not Weilncaday. 

September 2iid, 1762, old style Is eorrect. 

September 14th. 1762, should he new style. 

Brookline, Maas. Wii.i.iau S. T 1 .>sEi.TiitE. 

' Magnetic ladoctloB la Iron and Ollnr MrUls, p. ifa. third 
aditloi, BnUsUn ef Bnrese of Standards, by 1. L. laaford. 





saENTinC AMERICAN SUPPLEMENT NclIOSI 


The Evolution of the Etrich “Taube”* 

How a Seed-pod Was Developed Into An Aeroplane 


Tna evolutkoi of the Etrioh “TMibe” monoplane, a 
ty|in upon wbioh lo many different makee of German 
maelilnoa are baeud, ia not only of ipeoial intereit Juat 
now on aooount of the piuminonne of the “Taube” in 
the daily uveota of the preaent war, but ie In itaelf a 
particularly intnnwtlng luhjeot hum the bieturleal point 
of view. “Taube," aa no doubt, moat reader* know, ia 
ainiply the Gorman fur dove, and, aa will be aeen later, 
the dlfforont typo* of Etrioh maohinea an deaignated by 
the namoa of varioua bird*, owing to the faot that the 
piano* are wing-ahaped. A* a matter of faot, thla dealgn 
dooa not derive ita origin from the bird, but from the 
aeod-Ieaf of the Zanonia palm, whloh poaaeaaee remark¬ 
able glidiog propertie* when dried. From the aketoh 
of tbia leaf (a). Fig. 1, It wlU be aran that the aeed-pod 
haa boon provided by Natum with a perfect gliding 
meohaniam in the ahapo of a oraaaenl-*luM>ed leaf. When 
the leaf dries the extremities eurl boUi Uterally and 
longitudinally, with the result that when the aeed is 
ripe and falls from the tree. It makes a long stable gUde 
to the ground. Thla faot was noted in a broohure writ¬ 
ten by Prof. Ahlbom, and It was this which first at- 
traoted tho attention of Harr Igo Etrioh, aa Austrian, 
whose falhor, llorr Ignas Etrioh, had started in 18B8 to 


Pig. 2. It win be' seen tttat the pianes stfll followad 
very olosoly the Zanonia leaf, but in ords to effeet better 
direotional control a small elevator was fitted in froat 
close up to the leading edge, while it wna also poarible 
to Hex the wing tips. The engine was mounted below 
the plane in the under-eartiige frame, and dtireft by 
means of a ohain a crude form of vaiiaUe^teh pro¬ 
peller located sUgfatly behnw, and almost In tho oanter of 
the pbuie, a portion of tho latter being ent away so as to 
clear the propeller. The pilot was seated in much the 
mme posl^n aa on the ^er, and eontroUad the slevatM 
by means of the pedal, the wing tipi and the pitch of the 
propeller blades being operated by hand whaela. The 
under-eairiaga eonsistad of two soUdly-bnflt ilrtds, and a 
pair of running wfaeds, siqtporthif the plane about 1 
meter above it by bamboo stmta. ^lia machine had a 
span of ahout 10 meters, and an ovctall length at 5A 

had origiiially Intended fitting a GO heno-powee engine, 
but Wola favored one of imallor hone-power, and per- 
auadod him to fit the 24 hone-power engine. The 
ultimate trials, however, proved that tills was by no 
moans a poworful enou^ eoglDO, and once again they 
failed to obtain extended flints. It is true that one «a 




oany on the work of Ullo lilienlhal, having bought the 
orlgliialglidunof thatpionoer. A thorough study of the 
Zanonia leaf proved to be no easy nuttor owing to the 
dMloulty Qnt of obtaining qtaelmena and then of observ¬ 
ing the ourves Baauroed by tiie leaf when gliding. How¬ 
ever, a number of paper niodeli were made, and the 
rosnlta eonvinood Horr Etrioh that in a maehioe 
oonstniotud on those linos would bn found the solution 
of the pniblvm of making a flying manhino auUimatiuaUy 
stable. 

In oonjunolion with Frans Weis, he sot to work, and a 
largo ^dor, 12 motor span and weighing 20 kilogrammes, 
waa built in 1004, tho framework being bamboo. With 
a load of 26 kilograinmes, several hundred very suoeeerful 
glidea wore made, the appaiatua showing a marked 
ilegroo of stability. The suooeas of tiioso oxparlmenta 
inilunod Etrioh and Wob to go a step further and en- 
doavor to obtain prokmged horiiontai flighta. To this 
end they oonalniolad anotber model, to wbioh they 
llttod a S^.bonaHiower l«urln and Element motor 
eyelo onglno. This maohine had two akl-lika aldds, and 
was tested over snow, but the experiments met with 
little auooosa, the maohine never leaving tho ground, 
owing, no doubt, to insufflolent power and tho inoorreot 
location of lino of thrust. The next move was to eonatruot 
the Urge man-oarrying idider (b) Fig. 1, and this was oom- 
plnled in lOOfl. It had an area of 36 aquara meters, with 
a span of aliout 12 metara, and weighed, light, 164 kllo- 
gremmea. U was built up in three aootions, the eentral 
seelion bning aupi«rted on a skid undor-oarriago. In the 
oenter, near tho loading edge, an opening waa out in tho 
pUne for tho pilot, who stood upright and held on to tho 
Oftias biam in front of him. By swaying his body ho 
could, to a oerUln extent, eomot any rulting or pitohing 
of tho gilder, caused by wind gust), ete., but then was 
no ulhor means of oontrol. With 7U kilogrammes sand 
ballast numerous suooesaful gUdea were made, some about 
300 meters in length, while equally eneonraging glide* 
were offeoted with Wol* on boa^ On Oetobsr 2d, 1006, 
three flights of 160, 180 and 226 nuAer* in length re- 
■l>eolivoly were aoeompllsbed, the average beiidit beiiig 
ahout 10 metara. Four more glide* were made on Ooto- 
Imw Sth. All these glide* were started by running the 
glidn on a small truck down an inellne of 28 per cent, the 
glidor “uUng the air” when a oertaln speed waa teaohed. 
Whon gliding the speed attained waa from 13 to 15 meteri 
per second, while tli( gUding angle was 7 or 8 degrees. 

The oxparlmenta at Santoa Dunxmt prompted Btriob 
to try onoo more powerdriven fli^U, this time on a 
larger iwiale, ao a 24 horte-power Antotnette angina waa 
obtained ami iuatalled in the giidor aa shown in (s) 


two hop* were made, but these, it must he owned, ware 
due to sodden wind gusU. However, they eontiBued 
e^ierimenting along tiieae lines, maUng various aittrw- 
tion* In design. Tat instanoe, the second trials, in 1008, 
were mode with a traoter maohine (6) Fig. 2, TTm Zatm- 
nia-form plane remained much tte same, and the 24 
hone-power Antoinette engine waa still employed, but 
the whole maohine was oonaidsndrly lifter. The 
ongiiM was mountad forward under the plane, and divve 
a traetor aorew direot, while the pilot sat behind the 
engine, also under the plane. Tho undoMairiago eon- 
alatod of a aingle framework to whloh was sprung, by 




muani of full elliptic aprlogi, a pair of running wheels. 
Behind the latter wen two oldd* which prevented the 
maohine from tilting over bockwardi. AIUuhi^ in sonm 
reapeeti a diatinet improvement on the previou* model, 
tiiia maehlne also waa a tailuie, and did not appear to 
possom tho stability of Um original glider, while the 
advbnblUty of fitting an dovator waa also demonatrated. 
It waa not until the next year, 1009. that Btlieh, working 
on hia own aeoonnt—Wda having left him—oeUeved 
any mtahle l u oBew. making shevt flighta on tha old 
Wola-Btrieh maohine. He had made aantil altars 
tiona to this maohine, (e) Hg. 2, notably the fitting of a 



buit alamtor, a nor vwtlenl raddv, tad a mptOit 
mooitiadimiiwdlatolybdiiiidaMtraillncediu 9«slw 
sahrequeatly fitted on Anaani anglBC la plasa at «ha 
Antoinette. The first fitfit on tUa old maaWaa 
made on July 20lh, when a dlstaate of naariy 100 aMttn 
was flown, attar whieh sevatal othar “hops” wan aoaan* 
pUahed Inm time to tima until H “dWatagntod” ia 
Septenber. the tame yaar. Ia tits maaiiwUle, BhriA 
was ogaged in tha eonstnetion of oa fanprovad ^rpe of 
m ac hi ne on the Zanonia pttaia^ila, for althoniJi he hod 
made the old maeUna fly tlwre waa a marked laek of Oe 
stahflity axpecieneed with the gUdar. He was, howsvar, 
eoavlD^ he was weeUng in the li^t dhaatioa, and Us 
new maohine. eompleted in the amnnur of 1000, ben ant 
Us eonvMtions dniiiig its ultimate triab. Mrlah I, 
“^Mriing” or “Bpotrow,” (a) Fig- >. embodied in a anda 
wav the main ehataeteclatiBa of tha prematHlay “Aidw” 
—traetor aorew, englae moimtod rl^t far tnmt, madiliid 
Zawnla^acm wingi, and eievatGr-rnddar-taiHilaaea 
mounted on a ftutUga eKtondiag mrwarda bom the 
winge. The latter wme not m eraoeent-duved aa those 
on the previons type*, the leading edge being staal^t 
tor more than one tUrd the qraa, the wing tips awept 
book and only sltfitly ap-tun^. They wen built up 
in time teetioiia, and had a total ana of ao sqoam metan. 
the aa^ of tha inoldano* being 8 dagfoao. 

Tha tall oonaiatad of along natrowantfbaeaxtandtaig 
than tha wings and branehlng Into a fork at the tear, 
forming two laetangnlar smtaaes. llMie oatod aa 
elevators, and wwe paenUar in that they wme uMomed. 
In between the etevaton waa a vwtieal laa-Uiaped 

warping mddor. The wfaola of tire tail waa eaniad a 

girdw itraetore emulating of two kmUtadlnala, ona 
above the other. In Ita original form the ondar-earrlace 
waa a eiimiaiy affair, ■■ ibown, but later a more dIMeat 
type waa flttad, somewhat timHor to that of the BlMot. 
’Sha engine, a 63 horsep o w e r wa t e r ■pooled Oleqal, was 
moimted in the fnmt of the rather wide body hnme. with 
the ladiaton on either aide. BeUnd the aagiM ml the 
pilot. On this machine Bliieh pat np aevenl siinnwfiil 
flIghta-tiaJ flVita tida tfane-rangiiig torn aob metes 
to 4H kilometers in length at a speed of about 70 Ulo- 
metes per hour. He found it very stable, and » savmnl 
oeoaelons flew without operating the eentmL 

Ikmn the experleneo obtained with tfai|iid*eUne Bfadeh, 
during the latter port of 1909, got out the dealgn of a 
seemxl maohine, Etrioh II, the "Tanbef’ or "Dove,” 
(6) Fig- 8, vrideh woe the flnt of nnmetoas mbmiqaeiit 
"Tauben” that dlffend but Uttie favm the Bfaieh II. 
lUnatration* of varkws Eiriob monophiMB that have 
appeared In Flight turn time to time,* show how the 
deeigD remained ptaetioally the tame thmuidiaat, the 
only differeiwe bring in dlmenrioM and eoastnetioaal 
details. BtrMryhadaspanof 14metan,atn^arting 
surface of 32 square met^ and an overall length of 
10 metan. The wings bad a soaiewhat diflemt dupe 
to the p c e d eeiaw t a, the leadiiig edge beliig straight for 
neatly the whole qpan, and only the ettrenalUea awept 
book and up4uni*d. They were in two seetiona, <ae 
mounted on rither aide of a eoveraiMn body, in ibe 
orthodox styh, and eoUe btaeed bom a oential A nuut 
on the body. Bubaeqn en tty a girder un da rat wietu rn, 
extending from the body under the winga, waa em¬ 
ployed aa an additional htoofaig, wUdi fotmad a teatare 
of newly afl Btrieh rnaeUnm until qnlto r^tiy. Hi* 
tail eonalited of a borlaontal foMhig>ed snrtoee, mounted 
on the top of the body, with a flexible tniUigr edge 
aeting as an elevator. Above and below tiiia were two 
dlamrad^h^ied vartieal surfoees, wUrii aeted oa flni 
andruddan. Tha engine, a 60 hor a e p ow er O l eiiat, wna 
mountad in the nom of the body, drove aj^lnetar 
ssnwdireet,wfaitotlMpiIolaatinae(wkpltheU|id. The 
oiiglnel undsr-ew ria ga waa of the BUriot type, with a 
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ctI CT < ri « h ft* riwtt flat* ■»wwl w«M wttarte 
flMMgttttMiilM to tebnilt Qa UlO), ho««v«r. w 
man or Im w • 


body tad thokadi^tHri^ Tbo fciBW twmbiktad 
b^ tlw wtasi. vUeh hMl a rinilw 
BWdkn,whMthotoffloiwiiiionBod iitoflirptaetiw 
to tiMt Mhnrad jMt rnsMtlr by IbUnr OB hii 
plNOOi Tbo wlii|i WN* bcoood to » oOBttal A siMt oiid 
by hMt pooto, • vbed balBg flttod to the low 01- 
trasMto of oocfc OBtar Idiie poit. nio undaroHitafo 
ooMtatadataab^oaatnlikid bablsdvbiahwMoptaiHC 
B whoiL Tbo oacfaw, B ao bonoitaww Oteyot. ma 
noaated in Iho aow of the body, end the pQot mt bo¬ 
und TUemeeUnobode voBoC IS nieten, n mpport- 
inc M«B of 82 iBOM* auten and a l«fUi of 10 meten 
tta total waghtiMady for the air bengMOUlograaiinei 
It had a aoead of 80 kOoBtetare per boor 
Another experimeatal maohine «u the Sobwalbe or 
* BwaUow ' (b) Fw 4 boilt in 1012 The wma* <4 tUi 
wi ftinott tfiio itiipfl, tii6 

edf* bainc onired tiw Up to tip They arete eat at a 
dihadMd aayie and uptomed at the Up*, end the ri«fat- 
baad iriiii bad a nd imidorw fotmed m It eloae to the 


body The flenng aUnratoF-taa me (wihow-duHie and 
bad the nanat tm dlamond-ebaped mdder-flne above and 
belaw it The body, areulat m aeebon ma built np o( 
tnbalar ateal longltudinala and wooden rinfn the whole 
bciny eovaced with fabne In the nose of the body waa 
iheOOhorte-powarencine with the radiator uiuneduitely 
behind it Behind tlua were three aoate one behind 
the other, the hat beinc the pilot a Fbe eontiol eon 
aiated of a vertieal oUuinn and wheel a bankwaida and 
forwarda movement of the former operatmg the elevator, 
and a rotatuc of the latter aotaatinc the niddera no 
wing warping waa employed the flealbUity of the winga 
ahme beug relied upon to maintatn lateral aUbHity 
The ohnaau ocmalated of a oentral aUd oonnaoted to 
the body by three pant of V atruta, and a apning aide 
eanying a pair of wheda The Swallow which waa 
eonatmeted moaUy of ateel had a apan of 13 26 meters 
an oveiaU length of 8 7 meters weighed 46 lalogranunea 
and had a speed of 112 kilometeie per hour with thne 
np Another m a nlune («) lig 4 was a totally luokiMd 
nuhlaty monoplana buOt m 1912 Tbe wings were iif 
orthodox Bttieh turm eaUe braeed top and bottom 
having a qian of 12 metoi The flab ihapod body was 
bmlt up of wooden ehannoi aeebon iongitudinala and 

note to piat behind the wings and with fahno for the 
remainder The wings were attaohed to the body 


hiUi np and the aldm ol the body nndemeath were eot 
so as to form windows luride the body were tour seats 
two pairs m tandem the pilot bong at the rear The 
windows were of wire ganae and eelluloid A flO horse¬ 
power Auitro-Daimkr engine waa mounted hi^ up in 
the noeo of the body The under-caitiege eonaisted of a 
tubular axle and pair of wheels eonneeted to the body 
by fonr tubular sted stmts Inter this madune waa 
altered the seata were placed higher up so that the pilot 
and passenger protruded above the body while an addi- 
honal wheel waa mounted under the note Nettber of 
theae two maohinoa showed to any partioular advantage 
end did not thoetore form an important part of the 
Etneh programme Fig 5 shows the latest form of 
Etrloh monoplane Tbe wings are of a modifled Ftnoh 
form with the bps only elighUy swept back and up 
turned They are oable-braoed m the orthodox mono¬ 
plane stylo The tail is of the hinged elevator t) pe with 
a parbally balanied rudder and vwtKsl fln above it 
The IxMly somewhat naemblee that of the Morau 
Baulnicr the pilot and paasongi r b< ing nmilarlt seatr I 
The engine is an 80 hone-power Qnonio mounted in tho 
nose of the body undir a mital lowl The undir 
eamagv oonsuta of a (ential short skid eonneeted to the 
body by two pain of V sbnils and a dividi d axle carrying 
a pair of wheels Iho outer ends of the axh are eonneeted 
to the body by two shook absorbing rods 



Ab Etodrie-StoUB Wracktag Omm 

"tor Utber nsam 
It for nes to and 
It Is adaptsd for otdl 
• tnnnal as wsU as Um m 


tbs crans Is operated by eleotrldty tbls pipbig revolves 
with the arane Both tbe stesm engine and tbe olcc 
trie motor moot equally well all operaUng requirements 
For eiectrlL operatton that Is prorlded a motor 
wound for flOO rolts direet current nnd having n upai 
lly varying from 200 horse-power for n abort period to 
116 bone-power for one hour aoonUnuMis service This 
motor wUI operate on flnrtoatlone of line voltage rang 
Ing from 800 to 700 volU Tba eontroller la the strtet 
railway type with cast grid resistance Ourrent is 
taken from the tUtd rail sboea through a collector ring 
and la ddlvared to a switcbboaid that Is farnlsbed with 
aU naoenary swltdiM for (WenUng the eleetric air eran 
pressor, cable nU Qdrd rail dwsa Itgbta, etc 
An Intasiotlnc fsatore Is tbe antomatlo cable reel for 
paying gut and reding In the main power cable This 
ml baa eapaolty fOr 900 fast of inanUted power cable 
It la operated hy a mator and the automatic control U 
obtnlnad by tbe acdou of the motor alone without tbe 
nn of any lotaimedlata or external n 


in timn the eiane la in eervloe and taking cur 
hnudh tba <mUa. ao tbat pnotkally oanaUnt 
la emacM tp tbe motor with oonoeqimUy prao- 
eamtnat poll sM Che eabiB Any Aange In tbe 
paB «B tte nHa, aMb H would be prodooed by Oe 



lu the dislrcl taylug out ir riding in of the cable 
I he motor la cnpablc of HUndlng Htallcd c ntiuu uial) 
without dangir to lU lartn from oicrbeatlni. 

The motlonii of hdallni, with cllhtr the main or iiiv 
lllary bulat varylug (he bcum radius an I sliwlug arc 
Independent of each other and wUh loada np to the 
limit of Ita power theat miiUons can be performeil 
HlmnltancouHly With Its maximum load if 1J0 tons 
the crane Is onpable of slewini. at the rale 4 f a cim 
I lete revolutl in In oiir min itc If d eincd of safe sixvd 
The boom may be ralHoU or lowered under full load 
There la provided a aisiilal drag or pulling line rrn 
nettloo attached to the underside of the boom When 
adf propeUrd by elthrr atcam or eleitrlclty tbe crane 
has a speed of about four mllea sn hour but It may be 
safely hauled at a speed of (III miles an hour 
The maximum radltn of Iho main block Is Ji feet and 
tbe mUdmom la Ifl fret CaparlUes of the imne are 
as follows With outriggen tn posltloii—Hnln holat 
.40000 pounds at IT feet radina main hoist 100000 
pounds St 20 feet radina With end outriggers only— 
Main bobit 140000 pounds at 16 feet radina auxllUry 
hoist 30 OOO ponnda at 20 feet radlua. With outriggers 
—ICsIn holat at right angles 44 000 pounda at 10 feet 
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The Formation of Ozone in the Upper Atmosphere—I* 

And Its Influence on the Optical Properties of the Sky 

By J. N. Pring, D.Sc., Univeraity, Manchester 


The Iniporluiiuo of tbe (lumlluu of tiui imiwHica of 
uruuii lu I lie ulr U <lu« to the lurite liillueuoi whlcb 
would lie exerlMl by Itx Mviirreitve, tliouKh uuly lu 
niiiiill uiuuuiile, uii tbe pliyelciil uud cbemlcal prniiemeH 
Ilf tbe utiuuHlibere. Kruui tbe cbenilcal Mluudpulut tbe 
liupurUiiive ut usuue ci-uLcni lu Itu powerful uEldIxliiK 
pruperlliM, lu vlrliie of wbleli tbe ipii), even wbcu di¬ 
luted, iiiilekly reueU wllb ull orguulc mutter, uud uctu 
UH u Hi rung iHielerlelde. lu tblu wuy umiio would be 
exiMcted to tube uu ImiwrUiul purt lu tbe purlUeatlun 
•if tbe uliuuriiibere uud lu determlulug Ibe HUlubrlty of 
Ibe elliimte. From u pbyuleul uluudpulut, lU pruMuice 
In uiuliily of liitereut uu uccuuut of Ibe ludueuce It 
would exert oii Ibe truumuluHluii ut light radbiteil from 
Ibe uuii. Tbe iibMorptluii of light by oioue lu luirtleu- 
liirly iiHirkeil lu Ibe ullni-vlulel regluii of the upeetnun. 
It bun liuleed been fuund by pbuto-eleclrlc uieiiunrc- 
uieulu lint 111 u eulumu ut guu 111 eeuUuieturu long, H 
qiuiutll) of uxuiie umouuLLug lu uuly U.UUX |ier eeiit can 
be detected by uieuaurlug tbe luteuulty of ligbt truuu- 
milted. The purtleubir wave leugtb fur wbleb tlilu ub- 
HoriiUuu lu a uuiximum hue the value of 25(1 ^ while 
Ibo baud vxteiiibi frum about 200 to dlAI pp. Tlieae 
vuluea utlalu an Impurlaut algulUcouce wbeu It la cuu- 
alilutvd I bat tbe uolur apectrum ceuaea auddeuly at 
.ma pp, IndIcaUiig the probability tbut light of aburter 
wuve-lengfb la ubaurbud lu tbo atmuapbere. Aa tbe ub- 
Hurptluii ot light by oxygen la uot upprecbible fur wave- 
leiigtba greater than 2110 pp, the above phenomeuon 
given evldencu of Ibe preaeuee of oauue lu tba higher 
almuapbere. In uddltluu to thbi bebavbjr of oaoue witb 
reaiaitl to ultm-vlulel light, apectmacuplc meuauremonta 
abuw that thla gua glvea two well-deUaed bauda lu tbe 
red part of tbe apuclrum. It la on aocount of tbia laat 
abeuipUou that tbo gaa pueai im ai a marked blue cuhir 
by uaiuuultted light 

Tbe view baa aereral tlmea been put forward by 
ebemlata that oaoue bi prvaeui In tbe niiper oUnoaphcro 
lu aatUdently large aiuuunta lo account fur tbe uormal 
blue color of tbe aky. TTibi Idea baa uot up lu Uie prea- 
eut lime been at all geuerally accepted, but on tbe cou- 
trary, lu nearly all phyalcal ceaearcbea on tbe optical 
imipertlea ot tbe atmoepbere tbe prcacuce of oaoue haa 
beeu Iguored. Tbbt umloalon haa ariaeu uu uucouiit of 
the abacnce, until rvceutly, of any delbiite quantitative 
meuauremeuU of Uie amount ut Uda gaa In the ulr, and 
luure eapedally on aucunul ot tbo Urger derelopmonta 
ut tbe purely pbyatcal theurlea which, on quite giber 
linni, have eatabllahed Home of Ibe main factora whlcb 
delenulue the uatnre of aky Ugbt 

Uu Ihia phyalcal baala It baa bcou demouatrated by 
TjudalL and deduced frum dyuamlcal prluclplee by 
llnylcigb, that one faclor which Cuulrlbnlea to tbla 
color la the preaeuee of ultra-intcruacoplc partlclea of 
dual, wbleb are preaeut tbruugliuut the aUauaiibete, aad 
imibiibly of meleurle aad volcanic uriglu. Tbeae iwrll- 
elea, wbeu the aauiu order of amgullude aa the wuve- 
leiiglb of lb« light, exert a aelectJre lulluence ou tbo 
llgbl, CHualiig the abort wavea which mmiioao tbe blue 
light lu be rellcGted, wblb? the louger wavea, or red 
ligbt, inaa uu. Thla phemmieuun baa abai been abuwn 
lu uiierulii bi tbe produetlon of the greealab blue color 
ot glacier water uml eertubi lukea. The almoapberc la 
IbuH lo be txniNidercd aa a lurbld uupllum; but tbbi ad- 
uibaduu ilovH nut ueeeaaurlly exclude otber fneloni 
which might cuulrlbule to the color. 

After the dcveloiuneut of the above tbeury to aoceuat 
for the acBllerlug of light, Lord Itaylelgb drew atten- 
tluu to tbe fact that, lu addlUou to the part played by 
minute duet partlclea iu this connectiuu, tbe actual 
muleculea uf air act lu a almllar manner, and cauae a 
aeleellvc rcfractlou of the light. In Ibla way It was 
eonaidered that even lu Ibe abacuco uf larger partlclea 
III mutler, tbe 44Ha>rvcd prupcrtlca uf aky light weald 
lie accounted fur. 

Ill coualderlug aelectivo abaorptlou by the ntmoipbere, 
It la ubvluna that the pbenomeuuu uf acattcrlug whlcb 
riniHOH reUoctcd Ugbt to be blue leaveu tbe tranamtttad 
light red. lu coiumquenco of tbla, ligbt coming from 
Ibe aky la aubjected to a eertalu abaerptlon Gaining a 
rclutlw iltmliiuUou In thu Inlenally uf tbe bine Ugbt or 
II relutlvu lucnaiHii of tbe red. Tbbi ubaorpUon la very 
iiiiK-b lucreuaed by tbo preoeiice uf conibmaed water 
vapor or mlal In tbo alumipbere. The yellow or red 
color of tbe aim wbon near tba hutixoii, and tbe color- 
lug of Glouda or mooutalo peaka at aunaet, la clearly 
exyMMed by thla InSuence. Ttat thbSinaea at tba a^ 
inqilieilc layer tnvecMd by ttie leye at thla ttoM la 
' » Sxtritta tnm a paper lek M dket U ■ W aeee Pragrme. 


a maximum. The abaorbing Influenee of anapendad 
mutter preount lu the lower aUnoapbare la thna tbe pie- 
ibimlniiut factor lu determining the Ugbt frum tbe get¬ 
ting aun. 

If acatlerlug tbe Ugbt accurding to Haylelgb'a theory 
were the aule Inflnouce at work here, It would be ex¬ 
pected that tbe aun vlewad on tbe hurlaon would be of 
uii lavurlublu cukir. However, ubaervatlou ibowa that 
tbe uulure of thla light la very variable, abuwlng tint 
tbe elemeuta In tbo almeaphere which lUtei out tbe blue 
raya of the truuamlttcd Uipht are not conutant Light 
truuamltted from the wttlng auii through a clear aky la 
frequently uot eo red aa would be calculated from tba 
theory uf acatterlag. Mpeetro-pbetometrlc meaanra- 
nmuU buve beeu unde uf light frum tbe aun paaalng 
through a cloudleaa aky wbeu viewed below tbe borlaon 
frum a high mouuUln. Tbo nature of tbe llgbl trana- 
uillled under tbeae cundltloiia duea uot generally con- 
furm to Itaylulgb'a btvr of molecubir aeatterlng, but 
I'ldlcatea tbe preaeuee of other factum of abaorptlou. 

Caaea have bideed beeu placed ou record whore, bi 
tbe tropica, the ulr waa exceptionally dry, tbe light 
Unuamltted from tbe aou on firat appoarlng above the 
borliou waa greeu. Tbla, If authentic, wodM definitely 
oatabUiib the preaance of a true alworption oolor of air. 

According to Ituylclgb'a theory. It tbe whole ot tbe 
light proceeding from tbe aky la tba reonlt of acatter- 
liig by muleculea and partictea which are amoU eom- 
iwrud with tho wave-length of light, thau light which 
pruceeda from that portion of tbe aky wbleb la viewed 
111 a dlroctluo at right anglea to the direction ot tbe 
auu'a raya ohould be completely polarlaed. It might 
CfHiveraely bo aaaumed that If all tba light proceeding 
frum tbla region were polarlaed, Ita orlglu would bo 
aulely due to tba diffraction of moleeniaa and aniall 
purtlclao. The meoaurmnent (ff polorloatloa glvaa accord¬ 
ingly a method of aooertalulng definitely tbe part played 
by aeleetlve aeatterlng. The rennlt of auch meuanra- 
meiiu bi to abow that tbe llgbl reflected at thla angle 
uf tw degrcca la by no meana completely polarlaed, and 
Ibal the proportion of polarlaed to total Ugbt varlaa 
very largely from time to lime. 

Momo recent roeaeuFemouta made by Bontrlc* In 8wlt- 
aerland bave obown that tbe degree of polarlaatloo of 
ligbt acattcred at an angle ot 80 degteaa varlad be¬ 
tween U4 and a? of tbe total llgbL Ueoauremeota 
were alau made on tbo euualant of aolar radiation wbleb 
bi dbicuaaed below. The degree ot polirliatlon wen 
found to very concomitantly with tbeoe radiation val- 
uao, or In otber worda, Inveiaely ai tbe abaorptlou ot 
the atmoepbere. The vaebitlou lu tbieo vmluea ut tbe 
polerlaaiiou, and deducUoua which bave been nude 
frum meaaarementa on tbe relative Inmlnoua Intonaltlaa 
ot auullght and akyitgbt, have obown that It la iwceo- 
aury to aaaame that a huge amount of Ugbt la reflected 
from tbo aky under coiidltlona whlcb do not conform to 
tbe theory ot aeleetlve ecaUcrlng. Tbbi la probably due 
to tbe reflecUon of Ugbt fivm portleiea which are large 
compared lo tbe wavea of light, and alao to aome ex¬ 
tent from direct lllumlnatlou by U^t reflected from the 
earth. The admlualoa ut Ibeee eourcea of Ugbt opeoa 
tbe poaalblUly of the uperaUen of eucta feetore on tbe 
color of the air Itaelf due to dementa wbleb exert a 
aeleetlve aboorpUon. 

Uxpertmenta bave beeu carried out uo tba degree of 
pubirlmitlou ot the light ot different wave-lengtba pro¬ 
ceeding from tbe ahy. It wee fuund that U blue raya 
are removed from thla Ugbt by GBimliig It to paaa 
through a medium ot complementary oolor (red) eo ar¬ 
ranged that tbe aky appeared white wben viewed 
through thla Uquid, then the Ugbt thna Slteied abowed 
exactly tba eame degree of polarlaatlon aa wbeu maa*- 
ured after proceeding directly from tbe aky. It would 
appear from tbla that tbe blue Ugbt from tbe aky la not 
polarlaed, but that tbe polarlaed Ugbt la white, and that 
tbe blue oolor reaulte from tbe abaorptloa by tbe olr o< 
reflected non-polarlaed Ugbt, or elae pooalbly It Is pro¬ 
duced by Bnoreaoent pheno me na In the atawapbere. 

Ulrect measuremonta made on tbe aurfboe of tbe 
earth of tbe aolar eooatant of radlatlco, wbleb la de- 
flnod oa tbe radiant energy teUlug on anlt area of the 
eartb'e anrtaco, are of eouree affected by any abooep- 
tlon which takea plooe In tbe atmuqiliem Hie dato^ 
mluatloui made ot tUa eonmaot, whldi ie of very Im¬ 
portant aatronomletl ilgnlSeaoce, have obown oonaM- 
enble varUthmai Ifucb oareful reaeardi baa baan «r- 
rled out In reeaat yaara to detarmiiia lbs i 

value of tbls oenstant, but on iseouat eC tbe vstytfif 


ronlta obtained, there U stiU a deal of nnoeitabity eeun 
about the npproxinuta value. 

Careful detonuluatlona made by Abbot and FowlaA In 
America, at on altitude of 14,00(1 feet, give a OHSO 
value of 1.828 ealorlea per minute pm oqiiBM eentlmator 
of the eartb’a ourllice. However, marked flootnathwe, 
covering a range of H per cent, la the mdlatlMi reoelvsd 
were obaerved. In all eaaaa tbe valuee obtained agreed 
vi-ry cloiely with tbeae mode elmiiltaneonely at an alti¬ 
tude of 5,^ feet It was eQaduded that the aboorp- 
tlou uf extreme ultia-vlolet raya by tbe atmoatihere did 
not cauae an error greater iban 1 per cent In tbo total 
radiation received. The obaerved flnetostlona were a^ 
Irlbuted to ebangea In tbe actual emiaalvlty of the anu. 

In cunvcraatlon, It waa auggeoted by Mr. U. Boast to 
the writer tbst tbe flnetaations are censed by esooeL 
While tbe abaorptloa of visible light raya by oxygeu 
and nitrogen la negligibly amall, water vapor, on tbe 
other hand, haa a coualderable Influence. Osune, U 
preaeut lu only amaU amonnta, would act similarly In 
canalng a marked abaorpUon of the eun’a raya. As 
menticoed above, tbe preeence of this gas In tbe upper 
aimwphere baa bean amumed as an expbuiatlua of tbe 
fact that tbe lular qieetnim oeaaaa abruptly lu tbe 
ultra-violet at a point where oaone la known to bave a 
deep abaorptlou bauL 

THE auEMtaAL EaviMXTioa AND DianjionoH or Bona 
coaBTiTuann or ths ATiioaruna. 

Tbe further eluddatlon of tbla subject of the optical 
propertlce of the atmunphate must Ue In tbs predae de¬ 
termination of the presence of such bodies aa oaoue^ 
hydrogen peroxide, and nitrogen peroxide. AU of tbeae 
gaaea have beeu ttaongbt to be prodnoed to a larger or 
smeller extent by the action ot tbe nltiB-vlolet light 
radbitlni from tbe son on to the atmoepbere, and alao 
tbrungta the Influence of Ionisation accompanying elec- 
trlcal dlacbargee In the atmoqriiere, and tbrongb tbe 
imodble action of electrons emitted from the aun. 

Though a very large amount of atteutloa boa beeu 
devoted to tbla anbject In the past. It haa not been poa- 
Blble lo establiob with any certainty tbe exlsteuee of 
tbcee gaaee In the etmoeptaere; Tba reaulta obtabrnd fay 
dlfferant worken In Uda Held bavt been very discord¬ 
ant, and very few detormlmitlmw bare been attamptod 
at high alUtndea. The dlOculUta of euoh on InveeUga- 
lion arise from tbe small magnitude of the amounts to 
be measured and tba great dlOeiUty under tbeae condl- 
Uuus of making any dlstlnctloa between tba dUferent 
gaeee In qnertloa 

Of tbew gaaea, tbe ene which hae always offered tbe 
gicateat Inlareat In corndderlng atmoepberle phenomena 
la oaone, and a vry targe amount of work baa been de¬ 
voted to carrying nut cumpantlre qoulltatlve teota on 
Ua pnoaoce tai xlr. The meana adopted for tlita odlma- 
tioD have nearly always eonotated In exposlog to the eJr 
absorbent papera wbleb bare been latnrated with a 
reagent, which reacts with oaone and tbenby undergeea 
a marked change In color. In this connecUou. the uae 
uf a mixture of potoealum iodide and etorcb, which ta 
colored bine by tracea ot oione, waa eatabUabea by 
ScbflDbelD oa early aa 1840^ and otnea then a number of 
organic reogmitB hare been applied In a similar manner. 

An inveaUgatlon was nndutakmi by tbe wrltei* In 
order to examine oumpantlvely aeme of tbe ebemleal 
propertlce of oaoue, nitrogen peroxlda, and hydrogan 
peroxide. Hetboda were devtaed ot eatlmatlng 
when In very small qnantIBea, and AtaMngntahiny 
the otber gaaee which show very ataallar chemical prop- 
eitlea. It was found In Uda week that tbe eokarimeMc 
change which ta brought about by indiiie la tho nnetlua 
betwuen ow»a and poUalDm lodMa oannot bs noad for 
any quantitative dedneUana, and that tba melbod ta on- 
reUabIs aven for qualitative reaulta on aeauunt «d tuue- 
tlons bron^t about by the Inllaenea oC by im. 
pniUta ^a the paper, and othar dtataiUag eauaaa. 
Simitar oUeotlans ware fomid to vfily to aU otbar 
forms of colortaMtrle taato No eaodnatvu 
betwaea oaoM and other gasa with rimUar pngiattla^ 
wUcta bava been uousldared aa normal oousUtoents of 

papm.” 

The rsagsat which Anally was toaid to ba moat tadt- 
Bble for ttw aadtostloa of uaooe la a aooaantrttad aqua- 
oua aotntkn of nsvtnl pqtoaMum lodld^ Iba pnoantloa 
being token of protaeUiig the Hqold from tba UgU duN 
lug tba m aaa nre ma iit Tbia aototfon was fonfil to tMtt 
with owma wttb gnat npUMy, avan wtam lbs gga fo 
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««nr<Uatt[. BaMdon abn ittM vlM rwdUy It 
Qtnitwaa u tow la —BO dacni% wkn tha iu la ptwad 
ovtf tha aarfhca of the aotMlflail naiint 

A ouefol itnAy wia made of tha nhoalral flhancea 
whldi take plaoa Id tbla nacUuu, aud a ooinparLHMi 
Bade with iheae bioocht alwat by oaldea of ultrufini 
aiul hydNgw parogUdA It waa tuiiiid that la the cave 
of oaqMg la aoooidBiKa with the opanUoo of aiaaa ac- 
thMv aa laapMlaht lallaeDOa la exvrtad ou the nature of 
tha prodaota by the quantity of paa drenlatad and alao 
for a ilTan amount of oaone, by tha coacentratlon poi 
nult volaiDe. Than with nrj dilute ipu, aud at tem- 
peratnrea almni the freealiig point, —M depteeA Ute 
furmatlon of free ludliio aud bypolodlta teanlta, while 
with a narre comautrated gaa, and la all came with tbo 
aulldUed raapeut, la addltlou to theae produeta, potoa- 
alutt lodata la formed directly. An eatlmaUuu of the 
prodneta funned In the flrat caae can readily be made 
IV titrating the aulntlon with atandardlaed aodlnm thlo- 
Bulpbata aolutloa nntU the yellow color uf the Iodine la 
reaMved, and la the iwouitd eaao, the tudato can be call- 
mated aftennirda by addlfylng, when dceufflpoaltlon 
Into Iodide and fieu iodine iiccutM, and thla laet la tbeu 
•adlmated aa before. 

On comparing Iho above rcectluna with Uinae given by 
hydrogen peroxide, It wua found In thla latter cuae that 
potaaalom byiioliidlto aud free ludiuo are formed to a 
limited extant, but no lodate. The ruadlon la not quan- 
Utatlvo alace the hypuludite fotnied, wlatn abovu a cer¬ 
tain conceuttatlou, reacta with hydrogen peroxide with 
etolutlou of oxygen. Nitrogen pemxldo waa found to 
react with potaaalum Iodide under all coudltluua to give 
mainly lodate together with aonio free Iodine. With 
tliia laat goa a very chatacterUtic property waa abown, 
nblcb eimblod Iba detection of mlauto iracea of thla 
goA It la the potaaalum Iodide aolutiuu which had been 
expoaed to uxidea of nitrogen, the free lodliiA which 
waa liberated after acidifying, was removed by titration 
with sodium tblumlplmto, tbeu, on atuiallug In air, a 
further llberatlou of Iodine doveloiied with a vekiclty 
dHpendiag on the total umouat of tho oxldee uf nltrogeu 
orlgluully abaerbed. Thla change Is brought about 
through the catalytic Indueuce of the nltroaa acU 
formed la ulaMrtdng uxygeu from the air and then un- 


dergolag reduction by the potamiam iodide with Uben- 
Uon of lodlUA This reaeUon enabtea an approximate 
determlaatien tu be made of these oxldca when present 
In quantities too amall tu caUmate by dlrucl Utratluu. 
Tbe method tbua reaolvee Iteelf Into a mcasutemcni of 
the rate at which the rea^t after addlfylng llbemtea 
Iodine when expoaed to air. 

Whlla thla reaction U chamcterlaUc of oxides of 
nitrogen even when present with other gaaea, hydrogen 
peroxide can alau be distinguished by tlie fullowlog 
aeperate tealA A aulutlon of titanium aulphalc In aul- 
Phuric odd la culurod yollow by traces uf bydrugeu 
IHiruxlde, and thla properly furiua a diatIugulMlilug test 
fur this compouad. 

In tbo case of oaone, however. It was not found pui- 
alble to characteriae thin gaa when present together 
with tbo olherA An eeUmaUou conld probably be made 
In preaence of the drat two gasoA If very dlluto, by a 
method of elimluatluA Vat thla purpute, a determina¬ 
tion Could be made of tha aum uf the three gaaea by 
abeorblng lu ocidlHed putasaium lodklu, aud tbeu du- 
ducting tho quantity of hydrogen aial nitrogen i«ruxldo 
us (leturmluwl eclwntety. 

in the meuauremenia made In tho present work, It 
waa fuuial that nitrogen and hydrogen peroxide iiru not 
present at high altltudus to any delectublu exleiit, so 
Hint tho problem uf tbo estlnmtlon of mono was con¬ 
siderably almiilllled. The monuer of applying Ihvac 
rcuguuta to atuiusphuric teats la dias-rlbcd below. 

TUB AOTIOM or ULTaA-VlOLICr LIOIIT OH AJA 

It Is now a well-eslnbllabod fact ibut oaone b funned 
by Uie action of ultra-violet light on oxygen or on air, 
and that If liiltUlly above a ccrluln couceutrallon, ex¬ 
posure U> tbe same light causes a derompuslUou of uaouu 
Into oxyguA In cither of thoai nsiidluiis, the aaiue sta¬ 
tionary atalc b Snalty reacbed, represent big uu tsiuUlb- 
rlum valuA when no further ebange in Uie cunceutru- 
llou of Ibe oaoue lesulU. 

It has bean found that Uie actual vulne of ihb 
equilibrium quantity varies with the iialutu of the light, 
and with the temperature and pressure of Uie gaa At 
a reduced pteasurc, for liistaumv the rale of rurmaUuu 
of lautue b decreaMoil and tha rate of lb doeoiu- 
IMwIUon iucroaaed, so that we Hud Uie llnul etpil- 


librium ta represonted by a much smaller value. 

Pbotucbemkal luvnitlRHtloiui have shown that light 
which b cffecUve In causing the (irisluellon of oiuiic 
from oxygen b limited tu tbo regbni of the spucirum of 
wuvo-leuglb bHuw 2UU as. Thb oirrosisinds to tbe ob¬ 
served fact that an nbaorpllou imliit uf light by oxygen 
uoenn at lUU aud below. It has slmibrly bean' found 
that raya which are effective In caualog tbe decotdpo- 
sitlun of oione llo In the range of wave-lengtb between 
ISO and 3U0 as. niid thb agreui with nwosuremenb 
which show that oaone absurba light uf wave-Icngtha up 
lu 20U sA and probably Is related tu the fact llml the 
solar speclmm ceases at about this point. 

Tim work of the writer bus Ihsmi devoted tu tlin Inves¬ 
tigation uf the action of ullra-vlolet light on air under 
different conditions uf pnwsure, humldlly, etc., so as tu 
reproduce us fur as powdble the state prevslling In tbo 
uiqsir almusplicrc, and tu obtain some Idea of tbo con- 
ceiilniUuii of oxouo Ibat cun bo reacbed In thb way 
uiuler illfferout oouditioiis. An examlimtkHi was also 
uiuile to SCO If other products, such us oxld-si of iiltro 
gen Hiitl hydrogen is-nixlde, arc prislinxvl by thb action. 

At tho Huuie Uino a brge number of nlr analyses os 
ilescrlbsl la-low wore uudnrtnkeii at high allltuileM and 
till! ulsive cuiupounilN eslliuated.’ Tin- apimratus used 
for tlii-so niciisurpuieiilN on tho cxisMurt- of sir lu ultra- 
violi-t llglit was mieclslly di-slgiiul w, ihut the air could 
Is- brouglit Into cuiiLuct with llglil rays which had nii- 
ih-rguiie a uibilamm uinnuiit of alisorplloii lliraugh In- 
lervenliig uusUa b-lwi-ea tho sourcii of light and the 
air. It was also arranged lu |in-veiil Iho tcuiivralura 
uf the ulr unilerguliig ciiaiHuro from rising Lo any Urgs 

The imluro uf the light In Ihc ullra-vloli-t region of 
Hie HisK-lriiin radiated from the sun oiitu the upper by- 
era of Ibe atmosphere U not ul nil known, so that tia- 
n-iidllJuns prevailing hi thb region could not be repro 
iliicvd lu the bboralury. Tlie scois- of (lie present ex- 
la-rimenb was (-oiis»inently IlnilU-d lu Iho deteruilua- 
tlon of the n-lsllvo formalloti of the dlffcteut pnalm-ts 
given nnilor varying cuudllloiis by sn arbllrury sourco 
of light 

{To ho conHnuod.) 

•i-f. PvM- hoy. Hue. (iuli’t” 


The FUsetwy Nebube* 

By itaoMU BnUlvaa 

Wuan 81r WlUlam llanwbel first turned hb powc^ 
fnl rvllector to tbo skies, ba noticed a number of small 
round dbks of greanlsb Ugbt lie assumed Uut they 
wen eltbar dbteiidad sUrA or cumota at aphalloa, or 
the planets whleb revolve aroand tbe atarA After U-at* 
tag tbeae hypotbcami, be oaat Umm aside and decided 
that tbeae tiny dlska were bellow ahelb of gam 

Tbe tarm “inaiietary nebulc” waa uaod by HIr WII- 
Ibm to denote tbeae ubjocis and liss caused euiifosion 
at UineA It refers lo tbo reeeabbncu Us-su nebnhe bear 
to tbe disk of a pbiiet and nol to sig- ptaimlury af- 
flUatloDA 

III tbe early sixties 8lr WUIIam Ilugglns spsetro- 
acuiilcally exnmluud the bright idauetary uebub la 
Unco, which marks the pole of the ccUptIc and abowed 
that the ipectrum cunststs of a fow bright Unsa which 
liiulcste luminous gaa uiuIer littb or no preasun. Thb 
dbeovery, so dUfenut from tha weU-known ounUauous 
qiectrum, might be called the Iwglnnliig of nebubr 
astronomy. Hum tbe spoctrimeopi) made It poasible to 
dlffereuUate with apparent certainty lH4weeii iH-bnln 
and dbtaut star dnsten. 

In recent years the pbnetary nMbube have been some¬ 
what neglected. little waa knowu nnUI Keeler vbmilly 
laeeaured the radial voloeltles of a fow and found tlmlr 
average weed wan about olxleen milea per aacoiid— 
oumpenlde to that of tbe otan. Tbla moMrfcabb re¬ 
sult waa obtalnod baton the days of photographic work 
with Urn apactrooeopA He alao oUlmptea to meosun 
Ihelr roUUuaal voloclty, Imt vrltbont dafinlte reaalt If 
It wen not for the oonoenMUon of light In a fow Unae 
the apeotn of tbeoa objecta would ba almoat lavlalblA 
Babhmt'a criterloa. applied to a phnaiary mbnla, 
would ibow that the rotation of a hugA attanuted 
mam of gas wuald be almoat natUng at Urn dteamlar- 
enoA Oampball boa neently nmoanred tbe radial veloo- 
Uy of tfao idiAotenr Mbute by Um HMOtnMmiblc 
mathod and coafima Ked«^l aarllar tMBlb cOtalaod 
vtanaUy. la tba but Uina yean Otatphall baa found 
jdanetarlaa wboaa averoga ^ aawn timea tbat of 
tbe atraraga ballam lUr, L % Ibe anrllest type of alar. 
Tbisa dan an tha alow^ kahtm and ban an ave^ 
ail radial volodty of ll)i mtln par aecond. Tbim tbe 
pbaetariaa would ba amelag Umagh apaea with apeeda 
ad dO BUM par fooelid. i«b wotdi an only ooovar* 
aMa tg tbo wy Uih ntotUtai oC Iba folnt aaaall itan 
wblib Bddiidlbb hu fMMilly daKriheO. nan dan 
■/ ' •IhMiydarAaNa^^ 


lira only viHihIo liccaiue tliey ora ucor. Hie dbtant oiios 
lielnB too taint for ubaurvathm. Eddluglon Uuds uvur- 
sgv s|iaeds of 4* mitus per second for thb claiai. 

The number of planetarlca b not brge—they can In 
counted by tho aeon; while the apinl type runa Into 
the thouaenda Hydrogen, hollum, and nebullum (the 
biter terrestrially uuknowu) are the prlaclpal gases 
which form those slrsuim bodies, and tboro b often a 
central sbr or bate, Implying a certain degree of cou- 
diHwstloD which would contradict llerscbcl’s theory of 
s hollow sphere. Horae iibnelarlee prcecuL an rlllpllcal 
osinct and It b ovhlent that ullicrs conabl of two or 
threu spheres of gas. Tbe majority iiro pruisibly 
spheroidal and under high powera sliuw a mb lied or 
sllglitly ragged disk. All planetarlrs, with a few excep¬ 
tions. lie lu or liver (be pbuv of the Ullky Wsy. In 
(act, almost all gaseous (I. u, "grai-u'*) iivltulie Hu in or 
near the gabeth- pbuA 

Then an more plaactnrln) in the Houlbcrn Heml- 
sphere aud the available evidence tends to show that 
they are unravruus Ig the Uraaler Msgclbulc (.HouA 
Almost notbbig b kiibwu about their motion at right 
anglw tu the line of oight. The fact tbat few pbn- 
darlea have wauderad far from tbe guloctlc ptone 
would Imply llrat thb cunipoueut b amalL Why should 
they have high spof-dM and still keep to tbe plauc of tho 
Milky Way? One would expect lower valoclly in con¬ 
formity with tbe average early type star of the gnbctlc 
pbno. Nor bus anything been learned coucornlug Uielr 
dlstanoe or dlmeoslona; they an ptaeunmbly very re- 
motA as tbeir clooe assocbtlon with tbe pbue of tbe 
Ullky Way would Imply, and In siie most paunaoimly 
exceod a globe wbusc dbmoter b equal to that of tbe 
solar oyatem. Tbeir low galactic hlltude makes U C8^ 
tain tbat they an on faptort with tbe Milky Way and 
thoa an not external to oar own nuivena 

Stellar nebi^iB ae«m to bo onmil or distent plaaetartaA 
Pickering baa foanl a number at them by ewcopiiig 
with a dlreet-vlalon epeelroacope; they an faint, mlunte 
and almoat ater-Uke In aiipearauce. Mbs Clerke Iblnka 
them elmUar to the planetarteA They an gaaeoiu and 
nam Ue ontolde Uic pbne of tbe Milky Way. 

Wright, Merrill, and Paddock have recenUy fonud 
that then la a pnarauiNed rvermblance between the 
epeetn of sUn of tbe Woif-lteyct type aud the pbii- 
cUrlCA At least three pbaelarleH yield WolMUyct 
bandA A bright plaaetery In Upblacbim (N.Q.a 0S72), 
wUeh baa a nncleas, and a Wolf-Boyet ater la Cygnim 
(BD -I- SO degieea found by Oampball to have an 
hydn^ anvelop of S aeconda of arc In db malar) are 
MtwtNMkiptgknf ptoaotiiy attntm with Wotf-Bajot 


Htara for inii-lvi. Ilutb cbssca of His-rtni iHck Ibe uie- 
Islllc lines couimon to tbo uldui lyiM-s of Man. Ttm 
WolMlayvt stara are usually asslgm-d to Typo O, Ihc 
bt-gliiulng of Htcllnr evolution, and have small averaitc 
radhil vvlocltlc*, whereas the planeterlce have average 
HiMtcib several times as great It b dliUmlt tu recou 
elle such facts. Ttie Wult-ftayet type b noted tor lls 
sdhcreuce lo the gnbctlc plane uwl a score or so of 
tbi-sc aters lie In Ihc Magcibulc (lluiids as well 

Fading Nova- often assume Ibe planetary stage on 
tbeir dowuesrd career. lUckertun thinks lliol llu-y 
have been slrm-k off os "third bullm” after a slelliir 
i-uIIIhIoii uijil eoiilUiuc Ihelr oxbk-nce as HXistmllng hol¬ 
low shelb uf gUA The Nuvw bare nut shown pueltlvely 
Hist Ihelr notiular slsge b iwrmuneiil, as iho nmjurlly 
bavi- cvenliially saannied a faint cuhHiiuouh speclrum 
sisl laivi- b-oram small alars. In this conucctiuii It 
may he Itili-n-HlIiig to note lliaL Novw eftou show WoK- 
llsyet bamb In their iDtcrmedlute stages, (ullowni by 
Hie HiwctniDi of uebuUuni. Thus tho WulMtuyet and 
plmietsTy s|Kvtra would apisair craueeuUvely. MIm 
Clerke thinks Ibat Uib period b the lulddle of a Nova's 
life. Camiibell suggests that plauetsry nehulu- orlgliutle 
by slolbr colllalini or cloeo approach. Itefurc a sisr bc- 
coraea a Nova tbe chaucea an (list It bos guim (hrough 
Hiivi-rsl slagcH of stellar evolution and has Uiereby ac- 
qulravl n velocity comparable In Hint of tho fast Tyia- 
M Hter (10M miles per sei-ond) or the planetary 
iivbulie; Bddlngton says the siieod b sUlI greater for 
fainter stara of Hist type, if the plaiietarlea wen- aa 
numerous as the slura we might Infer a genesis of plau- 
eterles from old staiA Since they ate comivaralively 
scarce. It oeema mote likely tbit Ihoy are Hie wrecks 
of ancient Novic. Tlie number of pluiii-Inrtc-H iinil Nova- 
b in fair ogreomeul and both classes Ha In or near tln- 
pbuo of the Ullky Way. 

Campbell arranged ii number of stars In the order of 
tbi-lr spectroteoplc ogo and showed Hint the plsnetsry 
injbube exceed tbo oldest stars lu aiiced. Areurdlag lu 
Keeler, the great nebub lu Orion, uf Ibo h-n-palar gas 
eoUB type, b almost at rest In space. Evidently oae 
gnseotu lypo b much ohh-r tbiii Uki other and then- 
may bo unknown atages of slelbr evoluHon eounectliig 
the two goM-ona types. It liwreaslng radbl velocity Is 
n measure of a slaFs age, arc we JuallUed In aiqilyliig 
IhU criteiian tu Ibo nebolie? 

Thus the pbuctery nabulte have Wolf-Rayet offlnltles 
and are rebted to the None as well, Urn Novr also 
■bowing an Intermedlste Wotf-Ilayet specirum. The 
Interpratetlan of them rehtlono Is ono of Uie tasks of 
nodern MmetnMopy. 
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In (ipi'nint; biH diwoiirM' Ihn nimikrr snid lliat, nn the 
prc^ioiiH iKfuiion, ho Liul Hhuwn that if a ilimliarKo- 
tubci aoru IHImI with a fluuriUi window, the U)(ht whinh 
truvonuid UiIh wiiiilnw wait uapahln iif ondowing air with 
cNiudui'Livily Ho had also ahown that iin placing a 
thin plain of quartx bofuni ihia window Iho conductivity 
of tlw ailjaiN'nl air vaniaked; and, furtlior, that if Iho 
air tahon fur invcatlgalinn were drawn, nut from tho 
iinmcdiatn Rurfaoo of thn llunrite, aa in thn original cx- 
IN'riniont, Imt from a rogion a few miliuncton away, 
no (Kindiinllvity wae apparent. Thia ahowed that the 
ionizing ruya wore whnUy abaorbcd within a depth of 
2 millimotorH or 3 mllUmuten of air at normal preaiuni. 
The raya in ((ueetion bolongHd, he aaid, to what waa 
known lu tlio Sohumann region of tho apoolrum. 

He hail himeelf. Sir Joiwph ThomBun continued, 
Imn'Ii working on the nuUalion |itnduuod by IlAntgen 
my«. ill wliich Hie eulhodM raya originating them were 
iiiiieli alower Ilian iiaiial. Ho had alarli<d with raya 
Ilf whii'h the energy (ineaaunHl in a certain way, to lie 
ileniieil later) wo* npriwnUal In a few volta, and hod 
gone up Ui energiea fNirriwpondiiig lu li.lHXI volla. H(< 
lioil inveatigaliNl the nature of the ltdnigen nulialion 
given out when tile t.v|ie of ealliiHle mv wna varieit 
through the range alalMl. Thu uliw-rvalioiia iiiiule iNiii* 
flnniHl in a very remorkahle way n view he liad put for- 
wanl lliree ego na to Uie oHgin of the charaiiteriMtie 
nulialion. Ho liad tlien auggeHtiKl that the emiaaion 
of nharueb'riatie rmliatinn marked the return of a nega¬ 
tive parliele U> an atom whieh bad biam pnivioiialy 
ioni»Nl by Iwing deprivial of negative uloclrieity. Kvery 
ionizeil atom, when it nMuujuirod a iiegalivo charge 
gave out a ehareeloriatio radiation, and tliu energy of 
thin nullatinn meaaiired tho nuinlior of atuma ionized 
by the eatliiHle raya. An atom coiilil lie ioniziid in diverz 
waya by taking a negative portiele from differL'iil parta 
of ila atruel.ure. if tlio (lartielo were taken from the 
aurfaee of the atom, nut miicti work would 1 n> r(N|uired 
lu tiiiiivie the atom, and when It re-acquireil the eharge 
it would nornwfaitidingly give out nhorauleriatie nullo- 
lion of a vury aoft (yia-. if. liowevor, tlie ionization 
wepi afTiaibxl hy nniioving the negative particle fpim a 
point noaPT tlio nenter of the atom, mote work would be 
nipiinsl, and wlien the eborgi' waa rogaUual, the cboroc- 
(eriatie nulialion would Iw of a "hard type." He luid 
round it iHmulilc to get in thla way a great mimher of 
iliiTep'iit "elmraoteriatic radiatlona,'' liy gradually in- 
en-iiaiiig the iinergy of the eathode raya uaed. 

The ultra-violet light which poaaeil through quartz 
waa aide, the apeakor continued, to make aomu gaeea 
enuductive, but not othon Thua Stoubing had found 
tliat inen'ury vapor ox|KMod to "quartz" llglil piawcazed 
aiime amall amount of conductivity. Thia waa a very 
inb'reating fact, and the queation ornee aa to what 
were the proiMirtics of a gaa which determined whether 
it dill or did not become a conductor when oxpoied to 
light of a lutrUeiilzr wave-length. In the eubjolned 
table, Hie reaulta reeorded In the leeond line wore ot>- 
wTved III expi'iimnula mode by Frank and Hertz to 
determine the amount of work required to ionize the 
moicculea of dilTemnt gaaca; lliql waa to lay, the energy 
needud to wqiaratH a corpueele from an atom. The 
ionizing energy glvon In the aooond line of tlie table waa 
exprezood oa a eertain number of volta, thie number 
lining the voltagi> through which a unit charge would have 
to fall to oi-quire tlie oiiiTgy nocoohary to kinize the atom: 


hYoin the lalilu it ap|>eared that, for Ionization, 
iiinreury rcqulnal mi amount of energy repruaentod by 
■l.t) volta, nilpigen 7.5 volta, and oxygen 9 volte. Tho 
inert gnacs argon, neon, and helium, in enntndloUun to 
what might have been antioipaUid from the briUianoy 
of the difchiugu through them, worn mon dilBoull to 
ionize. Mereury vapor waa evidently by far the eoaleat 
to ionize of tho elementa tabulated, but were the table 
ox tended to inniudo auohelootro-poaitivebodieaaaaodinm 
and poUaziuni, meraury would be drifted trom iti 
pnaition of priority. Underneath the hmixlng energy 
will be founil valuua of X, whore X denotet that wave- 
Irngtii of that light, whieh waa oonnected with the 
ionizing energy iminMliataly above it, by the "quantum 
law." Light, the hmturer proceeded, behaved in many 
pni|H<ela aa if it were made up of diaiireta bundlaa, eoeh 
endow ed with a d « 6nitc amount of energy. Tb4 amount 
«BapfOduiwd from Otf i imrlm 


depended upon the wave-length of the light, the amallw 
the wave-length thn greater being the enargy in each 
bundle. The energy In each bundle waa. In fact, propor¬ 
tionate to the number of vfbratloni made per Moond by 
that particular kind of light. The numerical relatloD- 
ehip between the ionixing energy (expreeeed in volte, aa 
already explained) and the wave-length waa given by 
the retaikm 
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whom X waa expreaaod In Angztrom nnita, and it waa 
from thia expreaaion that thn nrave-iengtha given in the 
loat line of the table had been caloulated. Tn order, 
therefore, that light ahould render a gaa conductive, the 
energy in each "panel of light” muat he equal to tho 
energy requinid to ioniie a particle of gaa. Hence light 
with a wavo-hingth of 2,038 Angatiom units ahould 
lonizu mercury, and light uf this wavo-longth would 
)iaaM Ihreogh quartz. On thn other band, to Ionize 
iiltpigen thn wave-length muit not exneed 1,000, and to 
light aa ultra vtniet oa thia quartz waa opaque, a wave¬ 
length of 1,MKI tinmg ahout at abort a wave-length aa 
quartz would |iaM<. Fluorite, on the othw hand, waa 
Iraiiapanmt (o light of oa abort a wave-ienglh as 1,200 
Angetpim umta, and heiicNi it waa to bn nxpeoted that 
oxygon and nitrogim might he ionized by light abki to 
Iravopic fluorite. Thia light would not, howovor, Ionize 
liydpigon, whieh required tho wavo-iengthto be leza than 
l,n<H), to which fluorite wna opaque. It would be tsen 
that Iheao cnneluaiona comnponded very well with thn 
reaulta of experiment, air being ionized by "fluorite ultra¬ 
violet," and mercury by "quarts ultra-violet,” while 
the olhera were immune to both. 

There waa, however, more in it than thia, (or in Uie 
mercury apeutnim the wave-length 2,536 cotraaponded 
to one of thn moat brilliant and Important Imea, and, as 
atalial, 2,53(1 was tiui wave-length comaponding to the 
ionizing |K>t«nlial. In aomo recent exporbnenta by 
Frank, in which mereury waa ioi^xod by natlmdo raya 
aunt through dilTerent definite falla of potential, he found 
that tlie apnetrum uf the mercury ahowed no trace of 
the line at 2,536 wave-length ao long aa the fall of 
potential wna 4.0 volta or under; but that when this fall 
waa innreaaod to 5 voltz nr a little more, the line began 
tn make ita appearance, and inoreased in intonaily oa the 
voltagii fall waa atill further augmented. The appenr- 
anoe of thia lino in the mercury apontrum colnddod, in 
abort, with the uae of cathode raya having the critical 
amount of energy. Ionization waa Hieraforo closely 
connected with radiation, and by measurement of the 
energy raqaired for tonUation it waa poMlhle to dedum 
the position of oonsplououa lines in speetra. 

Forhaps the most (amoua eaas of Umliatlon produced 
by light capable of passing tbrough quarta was that 
diaoovered by Starii, who found that antbraeone vapw 
beeams onnduotive when exposed to "qumrti ultra¬ 
violet" light The effeot oould be oleariy shown by sub- 
mitUng antbiaosne vapor, Inolosed in a quarts vsaasl, 
to the light of a mercury lamp having a quarta bulb. la 
that case, au electtoacopa coupled ap to ono of two 
cloctrodsa (the other Ix^ earthed) bnmarted in tbe 
vapor gave evidesoe of a dlatlaet leak. This axperiment 
however, gave rise to ocrtaln dUBeultiss of a tbeoratieal 
oharacter. It waa believod that eouduotlvity waa an 
atomlo phenomenon, and did not depend in any way 
on what oompanioni wen aasoefattad with a pardcaUr 
atom, lbs kmiaiiig potential being quite indspendest of 
these. The light whieh pamed through quarta had a 
wava-lmigtb of, eay, 2,000 Angstrom unite, and, eo hr 
as is at present Imown, the only gas srbleh oould be 
Ionised by light of tMs wave-length waa metwory vapor. 
It waa true that no agures exiated toe cathim, bat no 
other h y drooaibon than anthnoene waa kwiied by 
"quarta light,” and It was Htus dUBflolt to sadarstaBd srliy 
anthraoena Aould be. 

For bla owu part be waa not emtineed that tbe 
ionlaation found in tbt oaae of antttanaoa ^ not aiiaa 
hom quite a dtfhiswt waiiaa than from tba diiaet action 
of tba Ught aa enmplUM In tba kmiaathin of air by the 
"fluorite" raya. In tbe last leeturs ha bid tbna ftat 
whan "quarta U|^” fell on meUis, tbe Intlac gave odt 
negative eleetrMty. It aewiad pomibb that when an- 
poaad to ultra-violet light anthnaene miiflit ^olytoacha 
fine dint beiiig produced aa oOB raault of tba nhai^ aid 
that thia duat, when a a poaa d to tbe eatlm of altra^ 
violet light, might give out aagative eleetrialty, iost M 
man partiilii of metal woold do in tiha mao i^uator 


BtHieea. If tbli were to, the apparent eandaotMter cl 
anthraoem vapor would ba dna to tba pboto-akaMe 
effect of light on solid partiolat. The aoeunay of tbli 
hypotbesis might, perhaps, be taMtd by measuring tbe 
e^ of the par^ in aa aleetrlo fleld; dnea, when a 
dual partMa aotad aa an hm, ita qnad waa oaiF 1/1000 
that of the podllTe pardelee produoed In g«tnim 
ionisation. TyndaU indetd had shown diat by the 
action of light on eertain vapote, olends of smaB partiolee 
wen produoed, and if anything annlogoue to tUi took 
place with anthneeno, we dmnld have aa axphaation 
of ita oonduetivity whieh would not oosiflet with views 
held to be well founded hem other oonatderationa. 

The lecturer next considered quite a different 
method of making a gaa oondnetlve, tbe hraiaatim being 
produced by qilashlog or trabUim. The pioneer ez- 
pertmenta in this line bed been mede by Fbraday, who 
had oarried out a very remaikable teaearob on the 
clectrioity produoed when eteam waa foned through 
narrow pamagee, aa in Lord Anbatrong’s hydnMkietrie 
machine. Next after Faraday came Lenard, who waa 
led to the subiret by tbe attempt to And some explana¬ 
tion of a long-known foot—via., that the air at tbe foot 
of a waiMfa)! waa in a aomewhat anomaloua oondition, 
many obeervationa having ahown tuoh air to be very 
poeuliar. Lenard found timt a eonaldetsdile amount of 
ionisation aiuM whenever water fell and atrnek a solid 
obetaole. The ions thus produced ware of a typa rare 
in "ionic popnlatioiia." where, in general, thera waa no 
middle olase. Big ions were found in plenty moving 
with a velocity corresponding to a tali of 1 volt per oentl- 
meter, and alao many amall ions moving at a aprad 14)00 
time an great. There was, however, a laek of Ions to All 
up the intermedlato gap, but the kms obeerved near 
tho foot of a waterfall had this intermediate ebaraoter. 

Their production was extraordinarily suaceptibla to 
alight Impuriliet in the water. With ordinary tap-water 
no ionization was produced by apfaudiing, and till the 
importanoe of uiing extremely pure water waa reaUaed, 
Lenard found himeelf unablo to repeat in Bunn obeerva- 
tifflis nutdo at Heidelberg, where the water supply waa 
purer. Tbe speaker had hbnaelf found it poaiible to 
deteot by thzdr effect on tbe ioniaatioD produeed by 
iplaahing, the preeonoe in water of tracee of roeanlline, 
whieh oould nut be deUioted by tba ookmtkm ptoduoad. 
Further, ff sulphuric add ware added to the water ht 
■mall quantities no loniiatioa waa produoed by splash¬ 
ing; wl^ if more aoida were added, lo ea to get a etronger 
eolation, Ionlaation waa again obaervad, but its sign waa 
reverted from nagative to positive. Aa addition of 1 
part of add to 34)00 of water waa luflMant to effect this 
diaage of dgn. 

Bplaahing waa, he conUnued, very analogoas to bub¬ 
bling. Lord Kehin waa the flret tq obeerva the negative 
daetrifloation prodnood when air was bubbled tbrouili 
water. Tbe phcnnmiinon was, hznraver, to be observed 
mly with oMtain Uqnida, gasoline, for example, giviiig 
no ionlaatioa. In fact, Uqiiide wen dirldble into two 
ehorply separated daeaea, aocotdiag aa Diey did, or did 
not, show elecbifleatloo by iplaahing or bulling. Tbe 
dlviiloa waa one irfdob na through a aobtiileraMa anm- 
ber of properties. Soma, tuoh aa water, tbe aleohoit, 

and pbenola, bad a large sutCMa tonain, and an abnonntl 
■peelfle Induetiva oa^ty, tUa baint noMb larger than 
—t—from bfaxwelTt law, — to wUeh Urn 
apedile induetiva eapadty should bo equal to tba aquam 
of the refthetiva Jadai. thia tbsae aboanud 

bodim retotead evau to the gUaMSIdbto, tiro apwrifla 

HaM htoueir sagiaitod that the twq dttora cl enoh 

poun£«ffar«d, to thM vritbthoaababtoganal^ 
totoUs qtauteettve (ha aoiaeida 

watobS^ to l y eh a n ff d ^ ifca trirf i y , whfla la wminal . 
bodlaa ton atoma ol |ha todwnie rauM todtvidnaBly 
atglnb It'waa m ily irilb' tbt bhbotiul liqwlldt.thM^ 

the novtoal' Om, 

tj^Matttapjaufraadbyhh^ 
haUfltolstowbtMr t botay jgtoi lw - 

wart, to tosa, %ia 4)iiwujitto^»yy | 
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l«|Mlt«rtaaiMti<mb]rliabbUi«. A 1««« afftot doe to 
lb* 1M«pr «Ma* «M to be •q>eeled, m Die bubbln were 
fwrwpa tt eoald not, indeed, be doubted that In e 
bm nnabar of «bm H waa (hii bubbtiax that ww 
■rtwntnbt) far Uw whole of the eleetriHimtion obeervod. 

were, bowerer, other eaeae to whiob thla eii- 
pMiiM wmM not Htply. One of theae (itill without 
any elr^ tBadMCb eapteinttloa) ww the ioaitftion pro- 
da^ wbilk ilr waa drawn over phoaphorui. It n little 
iboapbonu wan planed in a tohe throoKh whloh air 
waa anakad, then, If a ootleetor In the tube WHO nonneeted 
ap to an dtoi te oaeope, the latter todtoated that the air 
dbiab bad paaaad over the phoapbonw had beeome oon- 
dnethn. Thia mliht oeem aa almple a eaae of oheminal 
aedon m we eonld have, but Bloek had ahown that the 


mattw waa raaUy rather eomplloatod. The panaffe 
of the air over tho phoaphorua waa aeoompanied by a 
faint luminoalty, and by iooreoaiDc tho apoed of the air 
eurrent thla lunUnoua aloud oouht be drawn olear of tho 
phoaphorua, laavius a dark apaoo between. Bhtelc fiiuud 
that if hia eolleating wire won plaood in thia dark apane, 
thoce WHO no aima of aonduotlvity; while if placed In the 
lumfaioua aloud, there won uouduetlvity. Thia icreon 
pboapboreaoent aloud woi attributed to the further 
oxidation of a highly unatabie oxide (PiO,) flrat formed. 

Thia appeared lu be a oomparatively aimplo eaae of 
ohemioal aotion aoeompauiiod by oonduativity, but Uiere 
waa, nevertheleea, aumetbing exoeptiunal about it, ainni 
ilmllar oheminal and light ofleeta were to be oheerved 
with aulphur and armnlo. a airnUar lumlnoaity and alinilar 


unatabie oxide being formed, hut without any trano of 
ounduotivity. There were. In faet, oorreapondlng ehemi* 
eal and opUoal nlTeota, but ho ionisation. Thia inaunne 
well illuatratod the diflloultiea met with in oonnection 
with the queation of ionlsatiou by obemioal aethm. He 
had ahown in the laal looturo Ilut hot aolida gave out 
eleotrioily. Many ehemieal reaetiona were aeoompanied 
by the formation of aolida, whieh, if hoi, w<iuld give out 
negative ohargea; hut tho iauUatiun thua pniduced waa 
not that Ilf thooralioal imporlanoe, and it was very 
diflloult in the uaae of ohomieaJ reaetiona to aeparatn 
theao apuriout lypoa fniin the true. Aa nuilteni atnod, 
it would bo prematuni to aay whotluir nr no ionizalion 
waa ever diroetly produced by niinminal ai-tion. 

(To M continoei.) 


The SdeiMifle Wark ef Pral J. C. Boee 
hr /akob Bum, PkOi 

In tnb realm of naUinl aolenoe we find three funda* 
mental aahieveinmita of the human mind, throe vletorioa 
ovH the material world whieh haa yloUed to tho aeamh* 
Ught of httman thought three of hw great aeoreta. The 
lirti great ayntbeab waa that of Newton, who found In 
the bw of gravity a oomnton property of all ponderablo 
mattH and thua laid thn theoretieal foundationa for 
maehaiiiea and aatronomy. A oeooiid great aynthMia 
waa earried out by nwaday-Maxwell. who eame to the 
eoneluakiD that light la aa eleetro-magnetle phenomenon, 
that In a beam of U^t there an aeting tiie aame fornea 
aa oporate between two eleetrided apherea and lielween 
magiiBU. If we obaerve the atlnetiona and repalaiona 
between eleotrlo ehaigna and between magnela, tho 
nagnetlo aelkra of eloelrio enirenta, the foreoa anting 
In dynanuM, motera and tranofonmn, and if wo eon- 
aider the large variety of phenninanon of light—tho re- 
fleelion, reftnstkm, pohurfatatlon, dunble refraethm, 
rotation of tho plane at polarloadon, and Inteiferpnee 
and dlimetlon.af light with their wonderful oohir effenlH 
—we would hardly euapeot a bond of unity to exiat io 
all thoM phenomena. NevertheleaaaohinnehudlMxivenvl 
the eommoa bond of unity Of all eleotro-magnelk' 
phemiiKiiui. Thle oolentlfle ayntheoia lead to the dla- 
eovery of elentria wavea by H. Herta, whieh are tiaed 
opeeiaDy in wireleoa telegraphy. 

The third wide ayntheoia ia that of Chartea Darwin, 
who name to the eonnlueion that all living beinga, planla, 
anlmata and men are nonneeted with each other through 
a proneoa of evolution and that they aroee from the aame 
aoume. Thnw are other gnat triumpha of the human 
IntidngMne ever the material world, aa for Inatonee In 
the organlo and Inorganhi ohemiatry, and in other flelda, 
but no other ayntheoia haa bean ao general and far rMoh- 
ing aa thoOe mantioned. Prof. J. C. Booe'i work ia 
Intimately eonnooted with the lait two aynibeala; namely, 
the eteatro-magnetie nature of tight, and the unity of 
aU life on the anrfaae of the earth. The elaetrie wavea 
pthdletod vfith oB their propHtlea by Maxwell, were 
diaeOvetfed by H. Reru In 1887. Them wavm about 
three meten kmg allowed refleotion, nfraotion and polori- 
■alkm Ukh a btom of Ught. But they wen atill about 
Hh mUUon timn hmger than the beam of vtaible light. 
PMf. Boat haa thrown a bridge over the gulf by veatliig 
and itadylBg d e e tri e wavea of about d mlUimelera, the 
Itribpot beat and light waves known at tbe pieeent time 
b«ii« about 0.8 mlUbneten. There atill exiab a very 
Mwit but thare ia no doubt that wavea of the same 
«nve toagOi ptoduetd by eleetriool methods and by heat 
and U|^ ndlaten win be abaoktely fdentieal. Prof. 
Bow showed lhait theae short eleeWe waves have the 
ewm property w a beam of light, exhibiting leSeetion 
rriWMiWi, aveu total ledeetba; ilvmigh a bloek eryatal. 


dDdfah rtfrnetim polariga ti iw and rotation of the pUne 
afpnhriantlon. The thfamoat dim of air ia suAehmt to 
pradaw total tefleetion of vtalUeSght with its extromety 
giMM w»ve lengtha. But with the new deetrie wavea 
width iM dtaemrerad. Bow showed thw tba eritteal thlek- 
HW of tlMPUto WH detemiiMd by the nAneting 
power of the ptto and by the totve length of the deetrie 
jwBittoiw- Bn fbind a qweid eryetal, NemaUte, 
whhh eiUbito the polariaatton of deetrie waves In the 
very eawe way sn a beam of Ugdit le pokwlaed by a 
Iknntelbie agyetoL The rotation of tbe pleae of 
pelgrttottBp ene deenewetwted fagr Fnf. Bow by meaae 
ed a dedMvwhn twiltod Ute a rope and the rotation 
^ ^ w dif. 

tagai etot* «f etofw Mdato tiM plBM of pohitoatioa o^ 
a|^IBd«rl^te«*<<ilht>totheleft. PMf. Bope 


110^110^ la^^uMrdiW tor to thn rdatioa 
wk IhejMw^ lelMltti oi'lliU gad the dUnetrie 
aW' thn wave 


wee a hard Uek to pniduac very short oinotrin wavea 
whieh had i<nough eiuitgy to be deteeted, hut Boee ovei^ 
eame thia great dilBoulty by eoiuitruetiug radiature or 
oanillatora <rf hia own t,vpe, which emilled ahorteat waves 
with a aulHoient amount tif energy. Aa a receiver he 
tiaed a aimaitlve metalilo ouhen<r, wtiiiih In itaclf kal In 
new and important ttiarovertea. When electric wavea 
fall on 0 Inoac contact between two piaia>a uf metals, the 
reaiatance of (ho contact obatigea and a current poiwea 
thnmgh tho lamtact mdieating the nxialeiuMi of uleolrin 
oicillatiuna. I‘nif. Bum discovered the aurpnaing fact 
that with potamlum niotal tlie rcidalanee of tlic contact 
Incnaaec under thn action of electric waves, and that 
thla oontoot exhibitn an automatic recovery. He found 
further tliat the clumge of the inetallie oonlanl ndatance 
when acted on by fllM>trical wavm. ia a function tif the 
atomic weight. Theae phemtmena leil to a new theory 
of metallic nuherent. HeToro Ihnui diacovt'riea it waa 
aaauntnd that the portiobw of two metallic piroca in 
nontoot am, aa it were. fUanl together, ao that Hie rc- 
aiatancH decreaeca. But Uic inercaaing rvaiatani>«, ap- 
liearing for aomn elements, hwila to the theory that the 
electric forcca in the wavea produn* a jicculiar inoleeutar 
action or a morningnmcnt of the niuloouh's. whieh may 
either inorcooe nr diairnaae the contact rcaialancc, Helf- 
renovery and fatigue of theae colu'rera remlnda iia of the 
phenomena of living orgaulama. Here we lind indeed the 
natural bridge between the two Helda of the anicntiHi- 
inveatigal.jona of IVof. Boee, lM>tweott phyaiea and pKvain- 
log.v. 

With the advance of the varioua a<Mcncea it Nafanic 
more and mure diflioiill for a single inveatigalor to make 
eontrilwthim to different Held of knt»wh<lgi>. The 
apoelal theories and the melhnda of each aciunce iiiiTcaso 
every year and the dcfiuitiona the nonoepla ore so 
dlfferniit that a acicnlldo man rarely Dnda hlnuielf nt 
home in a acience outside hia own Held. l»tof. Bom- 
la one uf the rare exceptions. Aa in phyaiea, we And hia 
invMligations in (ho phyakilogy of plants ami animals 
elustHed round one fundanientid idea, tho idea of the 
unity of all that lives. Again, na in phyaiea, TVof. Boae 
made nontrlbuUona to phyaiolngy by tho eunatTuelion 
of new inslrumenla of raviMtigationa rharanlerised l>y 
marveloua ainiplkiity, ingenuity and aenaitivcucu. 1 
will mentinu among a large variety one. the Koaonant 
Heoorder, in which tho friction of the writing pen has 
boen eliminatmi by moans of tho ]>rinoiplo of resnnamw 
and whieh alhiwa the meaxummeiit of time intorvala 
oa small oa a thousandth part of a aeoond. Boee also 
dtonovered a series of new phenomena and offered new 
Intorpretalkma. 

In phyaiea and ohemiatry tlic law of the unifermily of 
natuN may ho stated os follows: 

Uudor the same oonditiima a given oauae jiroduoea 
always the soma uReot. 

In physiology Prof. Boae would probably express tho 
aame law in somewhat different torma as foUowa: 

Under the aama oeoditloiia a given stimulus produona 
In thu plant and animat the same well defined reaponse. 
Of eourae it ia much more diffieult to re-oetablish the 
aamo oonditiona in the Uviag than ia tho non-living 
world. With inareosing intensity of stimulus the re- 
Sponae inerenaos; at very higli intanoitiea of the atimulua, 
however, tbe reaponse raaehea a limit. Stimuli too small 
to produne a visible effect, if applied singly, boimuie 
eSeetive by anperimpoaitioD. If tho inUmsity of aue- 
oeoaire atimuU 'ta kept eonatant it nuty atill hopiwu that 
the height of the ooriiepoiidliig mepunaes gnulually 
inareasea aa If Uie moleouJea adapted tbenuelvoa more 
and more to the external tafluenoea; thla Is the stairaaae 
eftaet, so well known in the eardloe muiehi but abo ilia- 
oovend by BrM in idanta. Not only the intensity, 
but the ftequeney of atimuhia affroU the response. 
Ibtigna and reoovnty play an Impurtaat part In tho 
napmwe of ptanle to extenol inHueneea, and tbeee 
•ffaeki have been reeorded by Prof. Boee'a Inatrumenta 
with the ooitH fkleaty oa purely phyaleal phenomena. 
The fnffmiea at tonlitMtatnre, I^t drugs and poisons 
<Mt T<|MaUvgbdaBBMl t&maa have bean ftadled and 
iWiiMad. MUt fftid Brinal exMUt tha Mm fuMtion 
<C Hb * ddtor ttiwtIBe invtottoatioa. 

|«l gi ikiiMB Mi NMB bj * iMr enmplM shoHB 


nt random from lYof, Boa(>’a viTy rich acicntiHc tnasury. 
Lot ua oak, does tlin plant aliaipT la the plant oqually 
aonaitivH Ui extonial itimuli during day and niglitT This 
pmhhmi waa aolvod liy new apporatiia whloh dolivere a 
queallmiing ahoek to tlic Mtmota iiUnt every hour uf 
tile day and night, and wliich renerda automatically 
the riMiponao. The roconl olilaliicd allows that tho plant 
wakea u)) during the morning very alowly, lienumea 
fully alert by main, nimoiiilug an until evening, and Ih>- 
nomeaaJiNipy only after midnight, nmcmhling Hie miMlem 
man in a aiirpriaing maimer. 

Kltwtrical metlioda have lawn found more offer-tivo 
in tiui iiivcatlgatiuna of tho funetiona of tlie plant than 
mrcliaiiieol mctlioilH. Indnal niiHihanioal movements 
in the plants ore rutlicr exeeiiluiiiul, while the animal 
enjoys Hie freedom of million. Tliere un> even inoliona 
in llio organs of aninuils like Hic iH-aling of the heart, 
winch aix'ma In lake pliu'e aiiPimalieally, a|ipnrt>ntly 
without atimulua. Thiau' rhytliiiiin automatic motinna, 
these Hinilibinga, however, occur in Hie planla alan, for 
iuatanee, in tlic oacillaliiig Imtiels uf tlie Ifdegrapli plant. 
Tem|H'ratiin> variations, anaeatlielies, iHoaonuiia acids 
and laiwH liavc tlio Nanii> l•lrla‘lH on tlie tiinddiing heart 
and the oscillating leaf. Monsiver, in tile iilaiil-Iifc 
it Is poaaihhi to trace the iivoliilion from simide to 
iiiiilliple and to auUiuialie response. 

A diflieiilt problem onsos mconnootion with thn tmna- 
miasion of imtmlai's thnmgli plant organs whieh n>- 
scmliles iu many nwpecls tlie Iruiismisaion of exeitation 
tlinmgh nerves, Tlie Iraiismissiou of tlie inipiilsti from 
Hie Hiimiimding world follows the same laws in tlic laxly 
ef the |>Unt and of the animal. 

'I’lu-re ore other prohh'ma caililus'Usl with Hie i-onlrol 

ef till' luTvoiiH ImpuLacnl will, and with ... of 

memory. Thereaearohea of Boai> liave proved tliat thoro 
is no physical proixirly of matter exInhiliHl in tlie hviiig 
world which is not inanifealod olso in Hie inorganie 
world. Indeed the inviiatigalions of Bo«i liave ahown 
not only a ooiitinuity of rcneliims la'twoon plains anil 
aninuils hut also tho onousis of matUv anil its pniixirtiiai 
in the living iToalurcs and in ■iiui-hvmg matter. Wo 
odmin- the human eye oa one of I lie fiiimt jinxluels id 
the creative power of nature, yet Prof. Bose was aide h.V 
purely cliomical means and iihysioal forces Ui iIIscovit a 
phiiliw'liadric coll, an artlllcial eye. which aliowa eaaenli- 
ally the NiuiiH relationa botwcon sHiiiiiIiih and riMjaiiise 
OH live human eye. Incideulally, Im diaeovenal tiio 
auriirising faet of a binueular alunialinn of vision in man. 

Tile uniformity uf reaponaea by uniniala, jilants and 
metals an' nasinled by diagrams so ideiiLiral that ono 
nould nut U'll whieh Ix'liinga to tho animal kingd.mi or 
to tho plant, or to the di'od melal The laws of ualiini 
hold unifonnly Ihnuighout Iho whole iiintenol world. 
Thus Nailin' la a universe, a noanios, wluxiu swret laws 
tho buimtn mind is ahlo to dceiplu'r. 

latcfoaUng occonala aro to liaud fniin Rwedon n>- 
gording tho roaulta of trials lately nonduoted hy a Inadiug 
Hwiallah company on two alslor atnamors, one—tho 
“Mjfllnor"—being fitted with turbo-olootrical enginoa and 
the oUior -tho "Mimor"—with ordinary lriplo-ox|ianaioii 
enginoa. Booh steamer is of 2,221i tom diaplaocmeut and 
dmigned for » speed of 11 knots, a stipulation being that 
in each cose the engines were to develop 000 indknted 
hone-power. The moat important factor, however, wm 
'with rogard to tho oumumptioD of eoal, wliieh waa guar¬ 
anteed to be 3U per eont loos in the turbo-oleotrieol vessel 
than in that fitted with tho triplo-uxpansion engiiKW. hbr 
the trial trip, which lasted 7 hours, thn anmwa of the 
■‘Mimer’’ were fitted to the "MJlUnBr," so m to avoid 

tion. During the trip the turbo-oleotrieal engine de¬ 
veloped 076 Indicated horse-power, or 76 more than the 
gnorantoed maytmiim , while the avenge spued was 11B 
knots, as against 11 guaranUwd. Good oa theae resulU 
ore, the small oonsuraplion of eoal exceeded the most 
sanguine expeetations, amounting to 0.4 kUagramme per 
Indicated horse-power, whloh works out at 36 per cent 
lest than the oonsumption an the listor ihlp, tho "M iinnr.” 
Both BteamsM an to be emplojred In the ooast trade and 
their hulls have been eepoeially eoutnioted for naviga- 
; tlMlatfaelM. 







A t the I normal fenrlng and nmnaiilli- whool 
whlL'h I the Frenrh war inlnlatry inaliitaloe 
vlllc, nyHlimallr phyalcal traluliic Ih 
II, and metboilH nf liu- 
the Iibyalnl ciHulltlon of the men of 
lary aerrlee are Inrmtlaated. H^iie- 
tlon la given tu iwrfertliig ttu* eier- 
nirthoda of training, with the aid 
n'hee inrriod on In the 
pbynlo *"**‘^* lahomtiiry of the achiMil. 

a the eoiiiitlng and n>- 
liiNtraineiitM which are c o m- 
enijiloyed by iihyelologlMtti and 
IMyrhnlogfaitH f<ir the elndy of reHiilratInn, rlreulotlon, 
and miUH-ular cuntractiun, the lalmratory cootaliut eev- 
eral novel and IntereHtlug Inetrumenta Invented by 
Prof. O. Dtmnuy for the detcnnlnatUin of the form 
and dlmenaluni of the body at reel and In luovemcuL 
The laboratory In alao well equlp|ie«l for work In 
rhotography, Inelndlug elinmo-iihotography and kine- 
mabigraptiy. 

The dlnieneloiiH of the thomelc ravlty ai« nieaaurvd 
with eallpen havlOg Mnnt tl|M of Ivory. One of thcao 
tipa In ntllxrd directly to one leg vt the Innlrumeiit, 
but tlie other tip In ntta«'lw<l to a rod which i 
In a graduated nllde ngntmt the prennure of a Hprliig. 
Thin contttrucU<Ni allown the cullpem to be withdrawn 
without otuMdiig them or wuuudlug the nubjoct. When 
Ibe Inntrument la ap|)lled to the chent the nprlng tip 
renialua In contact with the Innly without Interfering 
with renpiratlon, no that the travel of the rod mean- 
unw the unginentatlon of the thorado diameter In the 
act of lunplratlon. Hy (nnnectlog the rod with a pair 
of Harry capnuleH, a euotlnuoua tec<ml td the varla- 
tlona In diameter can be bucrllied on a rotating 
cylinder, 

III order to obtain more prcclxe meoaurenientn of all 
dlmennlona of the body. Prof. Itemeiiy haa devlaed an 
luntrument, the ihailile unlveraal uinformator, which 
can be adjnnted to trace on paper outlliiea of tbo 
median vertical nectlon of the trunk, ami of hurlmutnl 
Meet haul at, varloun lielghta, Thu unnoiitlBl organ of 
tlilH apparatua la a mrtnl nod, to which nuracrouH thin 
ntrliiN of wood, forming a contlnuoun nriica, era at¬ 
tached tranavernuly lu nuch a manner that ouch ntrlp 
can move liiileiiendcntly In a direction parallel to Ita 
length (or at right aiiglen to the rod) and that all 
the atrliM ran In; Hxed In poiltlim by turning a nut at 
tlie end of the rod. Tbo cmla of all the wmaleu atiipa 
ate bnnight Into eontact with the body, and the nut 
Ih aorewed down. The contour of the body ran lie 
Iruceil on imiwr fnnn tbo prudle of the Btrl|M thua 
tinniohlllied. 

With two nuch rode, mounted parallel to each other 
on nultable MU|i|iortM, (he form of hoiiaontal aectloua 
of I he iHuIy. or of Ita lateral or anterior and poatorlor 
vertIcBl iirofllea ran be iletermtued very quickly. Com¬ 
plete linrluintnl Hocthaw of the cheat at vaiiona levela 
are obtained hy attaching four roda to a rectangular 
frame, liudde which the man atanda on a platform 
which ran lie rained to any dealrcd height 
The Iiemeiiy mmforniator reveala Immediately and 
wiltiout ealculatlon any defeet of aymmetry, am-b aa 
uneqiuil height of ahoaldera or h 
lure of the apine, ete. 

Fur the Hpci'lal atudy of the 
1-81114 a HHcblgraph or prufliograpb baa been devlieiL 
Four roda, connected by movable Jolnta to form a 
rhomb, age aupported hy a carriage that movea In a 
Hint In a vertical piait Th# onbject atanda with hla 
iMick to the iicHt and the carriage la moved upward, 
while a blunt iKdnt attached to one vertex of the 


trauea (he proflie of the apine, la ita true dlmenalona, 
on a Kheet of |ia|ior. 

Vertical aectlona are obtained alao hy a 
ment which Iracea the profile on paper by ' 
lienclla attached to two roda, moontod on roHera, 
between which the aubject la placed, and which meaa- 
nro the thlckuem of the body at every |»lnt aa they 
more up or down. 

The volume of nlr introduced into tbo luoga by a 
deep Inaplratlou la meiaured by a very almiile apiro- 
meter. The Inhuleil air la expriled through a rubber 
Lillie Into a cyllodrlral bell-glaaa, which dliw Into water 
cuululiuHl III a larger glaaa vernwh The cnWHiectlon 
of the tiilio la made equal to that of the trauhra In 
iinler to mlnlmlxe realatance and dlatsrlMinoe of the 
rhythm of reaplratton. The bell-glaaa la anapended 
by a cord which paaacn over two pulloya and boa a 
couutcriioiHe attached to Ita other end. Tha bell-glaaa 
liaea aa tha air la blown Into It, and If Ita wall were 
I Ita rlae, IntUoitad by the 
attached ocaJe from tha water, would be exactly 
proiiortlonal to the vtduiae of air Introdnced, the pree- 
Huru remaining conataut. In practice, however, tbete 
la a Miiall Increnae of preaanre, which la meoaured hy 
a mawaneter tualdo the twil-glaas and la applied oa 
a curruettun, Tbo iqilrometor la nllbrated by Inject¬ 
ing air in ueoHured qoantitlea, one liter at a time, 
and reading both the water levri icale and the mano¬ 
meter after each addition. 

Many of tbo phyalological mearcbea that are con- 
duoti-d hi tbla military acbool are executed by lUtey'a 
inetbud, whk'h la capable of furnlabing graphic rec- 
orda of reapiratory movementa, the pulaatloDB of the 
Iwart and the urteriea, muacular contractlona, the 
liresNuro of the feet on the ground In walking, leaiitng, 
etc. The imrt of the body which la being examined la 
lironght Into ciMitact with the flexible memheauo of 
a Marey caiwule, which la oonnecteil by a rubber tnlw 
to a Hirallar eoiatule, wlioao meubrane carrice a atylua 
that premes <ai a cylinder ooveiwd with blackened 
imiier and turned uniformly by clockwork. 

The TatlatluuB of muscular edurt are reglatered by 
the well-known ergograph ct Mama, 

The mecbanlam of bodily moremesia la xtudM aleo 
by nieana of pbigography, klnematography, and, espe¬ 
cially, chnino-phutngrapliy. The klnematograpbic an- 
alyala of movumente enables the iihyaloal Inatmctor 
to lUfHurer the phyatologlcal coosequeocea of various 
exerclace, and to elsaalfy the latter acoonUng to their 
pffecta, but be must control hla dednctloaa by atten¬ 
tive obwrvatlon of the movementa. 

(hrono-pbotography may 
graiditc reproduetloa of aoceeaslTe poalUona of a : 

Ing object on a aUigle fixed pUta. Orapbic chreuo- 
phatograiihy is based on the aaiae pflndpla, bat It 
fnrnlahea a much larger number of Imagee In a given 
time. The pictures of this amt that are produced at 
the JolovtUe acbool are exceedingly Interentlng, and 
convey very valuable Informatloo In regard to walk¬ 
ing, high and broad Jumping, nnd other exerdaee. Bo, 
at JobivUle, phyalokigtata and ttalnam work togethar 
for the Improvement of phyelral edncntloii. 


Hn SteriHattM of WB<cr-Sip|riiw for fn^ 
OB AetiTO Sorrlee* 
BkaBiwWaedlMnAILa 
Bong yean ago, whllt worhtng at (he eterUlxitVai «f 
the Cambridge water asnly, 1 Cow* that It «a> Mt 
ne eiam r y to make a bactariologleU ai a ialnittwi eeder 


Ing powder (ddotlde of lime) to the water nnOar oh- 
M-rvaUon. Working with very dilute etdatlona of blatdi- 
of “available" 
imbrldga water 
freqneuUy only about 1 part In 
T.OOOiOOa lu Bttch cnece the number of hacterla pment 
wan very tmtll and the amonnt of organic matter very 
low, and 1 fonud, even after the addltlmi of tha above 
small quantity, that If, a quarter of an hour after the 
addition of the chloride of Ume, I obtained a bine or a 
vtolebbloa reactloa with Iodide of potaaetom and atereh, 
oa much aa a liter and a half or even two lltere of tha 
treated water did not contain a single “Uvlng" badllna 
coU ccmmonla. In some earlier experlmenta I waa able 
tu demonitrate that the typhoid and diolera baeUll 
warn perhaps even leas resistant to the action of hypo- 
eblorona add than waa the baelllua coil coounnula. 

Oanylng ont n further lerlea of experlmenta, I entle- 
Oed myself that If the partlcnUte matter could be re¬ 
moved from a water by meaua of any of the ordinary 
Bltera It waa poaalble to render oven a highly polluted 
water perfectly aafe for drinking purposes by the addi¬ 
tion of approprlato amounts of cbloriii% and that theoe 
appropriate amonnts could be determined hy means of 
the lodloe and steicb tent 

The fallowing la a method of testing and oterlllilng 
water for the InfhrmaUaa of those In diarge of the 
water-cart tankn enpplylng trootw on ocrive oervlee; 

All water except that from pabUc tap-water (potable) 
anppUee must be regarded as dangerous and unfit for 
drlttUnB 

niter tbnmgh the beat rough filter available^ a g, 
army service filter, Improvised sand filter, etc. 

Pollution In water may be detected and the water 
rendered mfe for drinking by the following method: 

-Mr uwoo TioATMxifT iw auuc. 
/(ulwoMoaf Blnoe n olenn anameled Iron or 
enitbeoware pint mug with the water to be tsotad, leav¬ 
ing a few d»^ In the veaneL Add S graiamea of blaadi- 
Ing powder (chloride of Ume, cblero-hypodilatlte of 
lime) and make Into a thin paste, robbing It down with 
B clean stylognphic pan, p^oldor, psneU, or glut w 
other similar clean rod avtUtbla Than odd BOO eutee 
cantlmetmre or 18 onoees at water (L a, fill to within 
K Inch of the Up of the enameled mng or H Indi of the 
Up of an tnitbsnware mog) and mix thoroughly by 
pouting Into a second mug and tbso badi Into 1. The 
quanUtlas Indlcnted below of the reenlUng aohltlon may 
be mod for teteliig pnrpoaas; the remainder In need for 
■tOTllliliiff tba water, nua aohitlon rtwwiW ooDtalA OiOO 
of tvalUble ddorlna 
/nitnatioM //.—Sow fiU four pint mugs to within 
U Indi of thn top with the *ator to bt toHad. Thw 
allow tha Uaaeblng powder eohUlon to itoe to a pipette 
gradnated to contain 0.U cubic aenthnstor to the mark j 
wipe the outside of the pipftto aud Mow^ha esotente 
Into one of the toor mage of water to be tsM Add 
two similar ehargsa of the i^etto to a afitoed of fhaaa 
mop, threa ebargaa to a third, and ton diuiaa to a 
foo^ to each eaaa tnlxtog tborongUy (aa ndtr la- 
stmettou I), and allow to itaad tor IB at' 

Into aaothar daan mag eroabia a ngUl tel 
of pctaaalnm; alao after powdaidiig, In tba ac 


a ttUat Of aotabk or btOgd itarto. and psBT Into to tog 
water from a, and Big by poBtUg baokwaril and toa^ 
Eba otbae. Add tedMa ad 
i^aniltotoMlBCltiaM 


kUlad by tha addition od a 


a qaaaltolao ad HMto 


II attached to the opposite vertex of the rhmab 







ehlorliie than wu nnnnwiry to eury axygtn to the 
oqiuiia nnttor and Ioh nmatant ocianlama haa ho«i 
addad, and the watw traatad In bulk aa undor Inatnio- 
Uona III, la rondered “aafa.” To fno the watw tram 
the badltM eoU coomniila and tnw non-otorndwarins 
patbotnMo wateMMnia oipuilanM It la not neoaaaaqr 
to add mdn bkaohlnf poirder than la Indicated aa re- 
qtdnd by tte taat 

/mWwoNomi tll: ttlartUaatkm of ilia Water.—Bboulil 
Iftiii I glT* a blna^ rlolet, or brown oolor (beat aaeo by 
dayHiitt) the (tontanta of cap 1 may be dlrldad Into two 
eqnal paito eaoh of whh^ la -oitoUnt to atarlllM UO- 
m «alIona eC watw. DMrlbnto thia amout, ponriiif 
adoa} doutttlaa Into Moh of the tonr dtrUona of the 
awvlaa tatoc when U la aboot half mad. and when flDed 
^moWto toand fsr 80 mtontea. The water may then be 
Itoad tut drlnktoi wlthoi^ fUtratlim or further trM^ 
rnm^. na«M new 8 itee no Wlor, bat No. 4 beooaa 
^ dW the wkoto of the oontHdi «C Mb. 1 to UO-UO 
fiOoni dMribaORg in the tome way and rlnaii« the 
mw dltoanl tbaaa at aa to waA into the taak the 
idtoto wt the MawWtot powdm Aotod MOw 4 Ibra no 
dttorvMt m ibdeohMMnwdlaooItohnaOimdatorllto 
fntoBMB of biaalffihi powdar) and 


add half at It along with the contenla of Na 1 to tho 
110-180 gallon taak. Should No. B give no color, bnt 
Now 6 become bine, add the whole at the contcnta of tho 
two tnbea “A” to 110-180 gallooa. In each cam allow 
the water to atand for 80 mlnntes before Iwtiilng It fur 
drinking. Should No. 0 giro no odor the weler ekould 
be regarded aa highly poHuted, and aa paIntaMllty te a 
matter of aome ImporUnce It abonld be boiled. By the 
addition of more bleaching powder, boweror, up to 0 or 
8 grammee per 110-180 gallons It may be rendered In- 
Docnona, thodkh In aome inch caaea it uiey lie lem iiala- 
table. 

N. B. (1) The great idrantage of tbia method la that 
It la not naeeaaaiy to await the reonlt of a bacteriolog¬ 
ical eiaadnaUoo. Tha amount of bloaobing powder re- 
qnlred to render the water aafa for drinking pnrpoeee 
mny be determined In 80 mlnuten Where a new or a 
rarlaUa water bee to he naed, thla la a matter of prime 

(9) Othar adrantifea are that with tha exception of 
the pipette no apedal apparatna la required, and that aa 
the «UM aointlon la naid for both temng and atcrllle- 
Int any tUl la the arallable dilorlae content of the 
atotUUng powder la eqaaUaad by a Umllar fall In tha 


teat eolation, and the need fur the addllliin of more 
Hterlllalng powder at once ludlciled. 

(5) If for any rcaion tha eupply iif Htondard aterllli- 
Ing tnbee abonld toll It will be fuuiid that three Umee 
B8 much freah, clean, dry, Iikmc bleaching powder 
(which abonld contain S8 per cent of available chlorine) 
aa can be lifted on a alxpcnny piece graeiied between 
the thumb nail and the Up of the Ant Anger and naed 
an m wiQon welgha 3 gramnicH and corrmpnade to tho 
amonnt contained In one of the atandard aterlUiing 
tnbea. 

(4) A rongh teat of the condition of the water to 
whldi bloacfalng powder haa been added may be made 
by taking a cupfnl of water from the tank IB mlnutea 
after the addition of the iterlllxliig powder, dbwolTlng 
In It one each of the tableta “B” and “C" (starch and 
Kl) and mixing thorongbly. Hhnnld no color appear 
add another charge to the tank, and again apply tho 
rough teat 

(6) A treated water to be “aafe" should, at the end 
of IB mlnutea, elwayt give a bine “reaction" on the 
addUlon of the tableto “B" and “C." 

This method may aim be naed for the tasting and 
stwillaatloa of tha water-iappllee of small 
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Gas and Steam Engines and the Turbine* ' 

Cost of Operation, Investnient and Depreciation at Blast Furnaces andSteel Works 


I'KTii, willilii a fi-w yi‘rirN only uni- ly|ic of prime 
iixixiT H'Hs iiHOd at lilHHt funiaiTw. Htii-I wurka aurt 
nillliiK uiHIh— tlio Mti-aui oiighiv, hut wltliln that lime 
llii- Htmiii tiirliiiie ajHl tbc ima raitiiii- hare foricrd ahoeil 
III H trt-mi.-iKliMiH iHii-v. Fur a while tlii-y thrcatciHUl 
Mil- Ktimui iMiidne with cxtlni>Uou, w ttie turbine ronUl 
Ki-l uloiiK with half mill the kiih engine with a third of 
Hu- lieul i-uiiaumiilliHi n-qiilnal for fairly kunI i-iikIihh 
H fi-w yi-ara ago. There la no ilouht tiuit the mU-mid pme- 
lliv at Hln-I worka and lilaat furiiaei-a, partleulnrly the 
latter, n few ycara ago waa alinoat oa had aa euiild be. 
Ill Hpitn of the faet that 10 la-r eent of the gna la anf- 
tteleiit III hluw tlie furuai-e with good |U-nctlcc, the 
whole .’ll) per eeiit mil iiaed liy atovra auU nuklllarlea 
WHH fmiiiently liiaiilHeleiit and eoal had to Ih> iNirut 
miller llie bntlvm to help out Thia conilltliai la-nlata 
even yet at many pliiiita. 

Thla waa the l■ull(lltllal with wlih-h the giia eiigliic 
and tiirlilne bulldera made eomporlwiiH and of i-iaina' 
the Hliowliig wua a bad one for the old ateam eugliic. 
After a while the Hteniii engine bulldera and the oper- 
alom of Iho idaiita la-gaii to wai that there wore great 
|MiMMllilllth>H III Ihc nae of that prime mover which they 
had iipgleetial. One of the i-oiidltliaiH liidlafaiiiNalilc fur 
IM-Ht eeonomy with the tnriiliie la auia-rlieat. Thla liaa 
long lHa>ii known aa very bi>iii>fli-lal tn the ateam engine, 
allll no one took the tmulile to de\-elo|i the praellee 
for that pnriMMC. Jtut after It had la-en develoiad for 
the Inrliliie It wiia applied In enrneat to llie ateam en- 
glue. The aamo Ihliig uiiplUal to euiidenaliig pmi-tk-e 
la a Icaa ilegn-e. The tiirliliio la alniply liiat without 
high vnrua, far higher than had ever hoen eonalderod 
for the ateam eiigini', and la-w type* of eimilenai-rM wore 
ileveloiaal for It. lint tlila doveloinneiU ahoweil up lu 
high rclluf Ihe alwiinllty of ruiinlng na-lpna-iitliig cn- 
glum non-e«HiileiiHliig, and the liuprovial eomteiworM wore 
aiqilled to tlieni, with the reaull that no large eiigliie 
plant built with n-ganl for eemnany la now ever de- 
algiied to mil tion-i-oiHlpaalng tliinigb that priielUv waa 
ataiwlanl In the Inai amt atoel baalm-aH twenty yearn 
ago. 

Wllli lla-ae Iniproveuienta huve gone a rapid liierraae 
In holler pri-anun' anil a gimoral nverhnniliig of dcalgiia. 
HO llml large aleani eiigliiea ean atlll eoiii|a-le lai Ihi- 
heat i-eiHioniy IninIm wllh turliliiea of laiiial alxe. On 
Ihe nlher hand wliat la large fur an engine la rnpldly 
(vaulng to la- aiiiiill for a turlilnu. The largeat jaiwer 
enginea ever liullt were doulile isiuipoumi borluaital- 
vertli-ala with fuiir eylliiderH whieli were of H,000 bome- 
power eiieh. TiH-n- were five of tlu-ae In one atutloii. 
A few niontba ago a aliigic ateam tiirliliie waa Inatalleil 
III that Htatlon, atarteil up and put Into the line. Then 
one after the lAher Ihe Hve enginea were abut down nnd 
the linil of each In turn tlirown on Ihe liirhliie. 

Ill eleefrie pi'Wcr ilpveIo|iinenl the luriiliw hiia three 
vaat ndvnntagea over the ateam eiigliie, whliii for large 


wlM-n-iia tin- tiirldm- hiia In elTei-l n aliigle uimiiig irnrt 
with Ihe aliiiiileat iNMallile imginii, a iinlforin apeeil of 
rotntliai TIiIn inatly rediieea Mu- auia-rvlalnn and ore 
kMii of llie Inller na eumimred with tlie foruier. Tlilnl. 
Ihe a|Ka-il of mtatUai of tbi' engine la lliiiltial by the 
uiotlon of the fairta to iilanit 1011 reridutlona pi-r minute 
III large alaea. which iiivpaaltHtc large anil very ex- 
la-nalve gcuemlora for direct couma-tlon to It, wlierena 
the a]ie«l of the turbine la from l.OINI to a.onil n-voln 
tioiia la-r minute and the eorrraiioiMllng gencratora arc 
very luvieh eheaper. 

When wo (vane to blowing riurlnca. we And Ihe rela¬ 
tive iHMltliaiH of theao two mnton to aome extent re- 
veraed. There are two ayatcoiH for eomprraaing air, the 
time honored one with rylinder, (daton and valvra which 
Ofiemtea by direct preaaure. and the multlpln fan ayatem 
of Imparling a tremeniloua vi>leplt,v to the air by a 
ratiUIy revolving muuer and trawfomiliig thla velocity 
Into proHHiire by driving It through a coavergliit noaale. 

• Prom an addma oa "Uodera Pnwpi Ptiatn la tlie Inut 
Indwtry,*' dellTcred before the Ractneerlm AMixIafloo nf 
Ihe ainte r.ille||e of IVunHylvanla. RepoblUhed from Tk» 


By J. E. Jt^nsoDt Jr. 

Tbi> reloelty and ptvgaure which we can obtain at one 
oivrntluii are llmllad, but by putting aeveral aucli 
faun in aerloa we can obtain any iirwanira we wlah. Tba 
•qieratlon la the exact oppiMite of that of the tarbloe 
witli the difference that where the ronverelon of prw- 
aure Into velocity im which the turbine oiieratai etn be 
<-arrled on with very high elUclem-y (above OB per 
ei-iit), tlie emiverae oporatioii of coDVertliig volca-lty Into 
preaNure ean only be carried on with an emdeucy of 
iilHiut TD ia>r iviit. 

On the (dher hand, the nvi!r.uU eflldem-y of the direct 
eoiinei-ted feclpnagtlng blowing engine bi extremely 
high—betwi-eii Ml and DO pec cent In good practice— 
ao I hut tin- laiMt dcMigiied rodprocatliig ateam blowota 
umler the aauie rondttlona aa the tnriitne driven bloarer 
luivi- a ciaialilerable advantage over the latter In ataani 
eiMiMiiraptliHi. On the other baud, the ati-aai oiigino 
eoala a little more to inotall than tlie turlai-hlower, 
ngiiliiHt which we may net tho faet that owing to ILa 
lower Mteuui coiiHUmpUon it roqulrea lean exiieialltuio 
for laillera. 

Oreat udviiiitagw arc elalmni for tiu- tiirbu-hlowcr 
for tia amootli null noit-pulanUng dlM-lwrge; uu the 
otiH-r baud, thbi la claimed by othcre to la- a poaltive 
dlNHilvaiilage. Tho metering action of tlw lawlUre pla- 
toii i-iaupreaaor la believed by many to he a very great 
iidvaiibigi-, wbtic <« tho other hand thla action la 
claliuial by Ihc udrocateH of the turlMehlower not to la; 
iienrly aa ai-curate aa the volume control of their ma¬ 
chine. You will mw. therefore, that thl* la an extn-mcly 
live ipiivitiou at tho preaeut time, and lu aoino riNiiiiany 
It la aiim-cly aafe to make a pnnltlve atatemeut lai eltlior 
Hide wllhiMit Drat putting on a ault of anoot. 

For ilrlvlng ndllng mllla the cunditlona arc different 
fnau either of (he othera. The largeat mllla handling 
Ihe huge Ingnta tn their orlglnul ahape are known aa 
“hliamiliig mllla" and theae, for reawiaa for which wo 
iiiaal m>t Hto|i to roiwlder here, generally have to run 
la iKith illreetlona to drive tho pieco laii-k nnd forth 
through the rolbi; and aa theae mtlle are geareil directly 
to the engine it miwt bo of the rcveralug type. Hero 
llie ati>aui eiigliic Uikea tho llrat poaltlou, wllh no aec- 
imil, Mtniv- It la the only prime mover which enii be 
p-u-raia] at all. lot alota* at luterrala of literally ii aco- 

Hiaiii- of tbeae englnen ora trlliDiplia of the engine 
liiilliter'H art ami arc aaumg the tmait powerful built, 
having two iwira of taialem cyllmlera 46 tnehea anil 
7(1 Im-lii-H III diameter by (gl-liK-ta atrnke, running cod- 
di-iiHliig with a Htram preaaure of IBO poonda and up to 
1711 rerolutlona. Theae are ravened from full apecd In 
one direction tn full apaed in another In three or four 
HK-oiida, la Hiilte of the vaat weight of their redpim-at- 
lug iiartH. The ahoeka are awli aa no machine ahuuld 
Ih- called on to atand, but they do it and wi far no way 
litiH Imh-ii deveto|M<d tn meet anme roralltloiia aa well aa 
tlilH tyiw of mill and engine, though I have hopca. Fur 
iiiHi-n-ren<liig mllla dlreet gearvd turhlnea and gUN en- 
glncN liiiie la-i-nHliHiiilly Imh-ii aiipibvl, but In tlw vaat 
majority of caaea atmm enginea are aaerl or clac el«-trle 

T'he doable trauaformnllun of energy luvuirni In tho 
eliHlrle drive la expenalve In fuel coat nial what la 
much more hniairtnut It la very expeualv-c tn flrat 
i-i«l, and It la rather aurprlalng that more baa not boen 
done 111 the dealgnlng of wm-raraniliig mllla direct 
gearml to the gaa engliie, and eapedally to thn atvam 
lurliine. almv the latter haa n high edleleiiey tbraujdi ■ 
wide range londa, ,w. aa we aay, a Bnt aleum conaamp- 
tliai i-nrvc, which U very important In highly Intemlt- 
lent work llkr that of roHIng mllla. I believe that a 
eiaiHlderahle development will tako pla(« in tbJa fleld In 
Ihe not dtatant future. 

Thla motor, an you well know, worka on a tuUlly 
dlfferoiit pdodple from either of tho othera and boa 
coiuM-quently very dUTereat rharaeterlatlca. It la not 
rnimble of much chamo In apecd and Ita eeunomy drupe 
very rapidly oa the load fklla off, largelr becuoH the 
friction of the esglae to very high and to almuot oon- 
ataut Irraapecttve of the load, ao that > Mctlon of M 
per cent at fall load onua one of 40 per oent at half 
load, and no on. 

Thla type of angliN la atao apabie of arryliii ualj 
very alight oreriooda; that to to aay, Ita moot eccMaatal 
load to Ita maxtoanm load, and any overload oapaeity 
to aecnred only at the tapeum of eronomy |Bd at tho 
priie of tnijlng a largtt mgloe. In tbrae raapacto It to 
ot a gnut dtoadvantaaa an emapand with eh^ tha 
steam engiiie or tha tniMu^ both of arhlth hdvti Igcfe 


overioad eapadtr whleh nteDda Hat bafupd thair oogt 
eeouoiDloal load. t)n tho other band, tho gaa aMlito 
oaU out enUndy the boUor, and above all It haa g teat 
ooummidlou only ibmtt two^hlrda or ftmftta at 
that of the beat ataam plaata. 

It waa at one Umo au pp u aed that thla faet tolt tea- 
tlned to make the gaa engine the preterrad prtaw awvar 
Air all electric power work; but other countderutteoa 
came lu and thla anpectatloo haa not hean leallaed, and 
Htane nf the bent gaa engine man adadt that Where eoal 
la the fuel need tta day of reallaation bai bean indein- 
Italy deterred. 

liMVlng out of oooBlderatlon altegetter the Wee M ett 
Ilf flrat coat and capital ehargea fbr the preaent, let on 
eumdder ouly the uperatlon. Beflore coal uu he ttmd 
fur gaa ettglnea it mnat he gaollled tn a gaa prodnenr. 
an appnnitna haring an elDclaney when denvarlng ooM 
gaa (which a gaa englue muot have) of IB to 10 per 
t-eut, which to almoat the aome aa that ot a well de- 
algiaal and opentud holler plant On that baato tha two 
are oven; but while ««! may be bunit mder bullgn 
fur a few (»ubi a ton, My lA eenta, In large planta. It 
nmnot lie gaollled for mnch leea than 4B oenta and 
often BO crnita. 

Now, the cffldeucleB ot the producer and the bollef 
Iwing nlmuet the aamc. the fnel coneumed will he lu 
tlw name rate aa the heat conaompdoo of the two mo* 
tore Ihemaelvea; My, aa a liberal flgure. 14,000 Brittob 
thermal unlta fbr tho tnrbino and 13,000 for the gaa 
engine, n ratio of I.IT to 1. Theo If the coal coat 11 
delivered. Ita coat burnt under boilen to |1.10 and gaet- 
Orel 01.40. The fuel coat to praportloiial; tbenroie it la 
fl.lB X 1.1T =- 111)4 Air the atMjn turblM and |1.4B 
tor the gaa iHigino. That to, the bunt unlta noed hy- 
the gna engine arc lean, bnt the money coot of fnd to 
miat>. 

Thin to all Iwaal <m fall load condlthma; and while 
the coat Air both guen up very rapidly Aw lighter loada, 
owing to the flatter beet conniunptlnn carve of the tur¬ 
bine and lu amall relative aloe owing to Ita mnch 
greater overload capaeUy, Ita bMt cmHomptlai rtoeu 
much more olowly, and an to the nae Actor A public 
aervlee work to about SO to 40 per cent It will be porfoct- 
ly iilivloua that the advaiiAge of tbc tnrblne over the 
gna engliw will be mueb grMter In the average than 
It to at maxlmuffl load, evmi In the heat unit baato. 
or courHe, na the ecat ot real rtoea the case becomea 
more fovfimble fur tho gnn engine at Adi load, but It to 
very donbtfnl If under any ordinary commercial condi¬ 
tions lA pncUenl ecoDany A the averafs to modi high¬ 
er than that of tho tnrUno. 

When vre come to tho iroa Adnstiy we come to a 
different condition, very much more Avonble to the 
gaa engine. This la that tha fuel A be naad la already 
ganlHeil by the blast furnace, thin gas boAg A Act 
almoat on Idml fnel for gaa oogAea, and tbay an tbore- 
fore entirely freed from any change or hma of heat tor 
gaalHratlou, except that the oemdbto hMt of the gaa, 
fl tn K per (-ent A good pracUee, must be aaerlflcad to flt 
Ihe gaa for gaa engine noe. 

The NUwm plant on tho other hand to under the necea- 
alty of burning this gaa under boaera with the Mme 
limca na orcur In coal firing, except that tha Abor coat 
to very amall In the pust the economy of tnniaee boll- 
era haa bnm extremely poor. I have toafod boUon 
where It waa down A 80 per cent and 00 per cut wna- 
nlMmt average practice until qnlA neently; bnt at 
the praseut tlma Ab anhjeet la racolTAg groat ottoa- 
tbm and boilers are ’being opernAd nt on efldaney of 
70 to 80 per oent A regntor work. In thto oton 6m fun- 
kwd Ipet aonaumpdona uu pr^optkiitol to ^ « a.08 
and 14)0 - flflT » (MB, or 1 to 1.41. with tho flntter 
advantage that the gaa engAe to enaMad $0 d^paue 
with one whole operatlan and Ha attapdant telii#— 
the garifloathm of tho cenL Monovar. tltegH oodteo 
haa A thto aerrlna a farther great advnaAga n*r 
flKtor to obeiit flO per ent for otoatde aatffoa In tte 
steel Adnstiy, whOa for blowAg tnglwaa It to nenidr, 
SOptroant 

Wh^ tteo, are tteM agtaas not fo vifvanid m In. 
aiich ptontai Hera w «em to tho wnl mOk A tte 
eowoMt Wo horn hitetoto oM flottlte (naiorfo 
ttva Ubat oeOA ond of umUfol rimnaa, te;IH|i|te« to 
tte foifotr ^ ite otefoo-hoa hod » A|a 


dorwito A tte wot WM fMgtent.nnd liMd^ 
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spattMtif mHk trWek ■ mu ^rted out 
on W n |rt oip ~«i M t > tpiv ton or twelve tfiK not 
KMiniaf Men or Mow Mo would rotnrn, ud coaefaUr 
out W U t entire dlsreinid of tUe m u important 
fuiboik you win admtt that many of Um deCeota of that 
, WM Of Botoe have bwm tenoTod and that Iti nUaUlUy 


‘ new fUlflj duaiODgeu that of the 


ditto whto It lajddly becoHilng, If It bat not already 


ntind- Nererthelem, the number of parta and variety 
of tiMir aovemente la vaatly greater bi thbi ongliie 
tl^ la the ttuMnei and tbe ooet of aupervlalon and 
o0Hhtto la coneapopdingly greater. Bat leaving ttata 
n o en tl o n for a few mlnutea let ua turn to that of capital 


th^M are made up of etralgbt taiteraat and u addi¬ 
tional pereantage on tbe Inveatment which la art aalde 
and aaved at cumpound IntereHt. an that at the end of 
the reaee n a M e life of the plajit we may have a anm Id 
the bonk equal to the original Inveatment, with which 
we mu ettbar pay oB the Inveotor or buy a new plant 
Any operation which Ogotva Ita coata on any other 
tMUdB will probably go broke, and certainly ought to. 
Five per cent at compound Intereet will eiiual the prin¬ 
cipal In about 14 yeara, which la abont all tbe life we 
have a rtot to expect from a power plant If It la not 
worn out In that time, it haa moat likely been dealgned 
off the map; that la, later ImprovemenlH will have 
made It commercially undeelnible to operate any longer, 
even though It be not nearly worn out 
nda B per cent added to 7 per cent of the Intereet 
rate which moat be flgurod on Induatrlal planta, givoa 
08 12 per cent capital chargea over and above all oper¬ 
ating coata of every kind. Thla la a mlulmuni ngure for 
planta of thla kind. Make no mlatakc, Tbcae are not 
Itoukkeeplng flgnrea, and llie ahore* of oanmerclal lila- 
tory ate oovered with the wrerka of planta which felled 
to provide for tbeee chargcM. No aciialble buaintra man 
will put money Into a property which cannot figure on 
thla boaia and aUU ahow a profit 
We aea, then, that tbe annual cant of power la made 
up of fuel, labor and ono eighth of tbe coat of the plant 
T«t mo lllnatrate thla: I know of a plant where a 
fumaoe la blown with two gan blowing engines which 
<aait 1107,000 apiece, and which with foundation, bouac, 
crane and gaa deanlng apparatiM and eonnnctloiM erect¬ 
ed cMpplete, dM not coat lean tlian 927B,00a They de¬ 
velop together about 2,000 botae-power, or a coat of 
$110 ]ier borae-piiwer Inntallod. Coal of 14,(100 Britlali 
tbermal units In this region costa about $1 at tbe idant 
Hteam englnaa of tbe best type, wltb their boUera and 
all ocoeasorlea complete could bavc been Inotalled for 
$00 per bone-power. Theae enginea would have ro 
qulred certainly not to exceed 1R,000 RriOsb thermal 
ualtB per hone-power hour, delivered to the Imller, 
while the goa enginea may get along on 12,000. Oounl- 
ing 8,780 boon per year, the loaa per year Is 0,000 X 
8.780 - 02.080,000 British thermal uulta. That Is a 
tranandoua amount of Brlttsh tbermal unita, lant Itt 
But bow much mmiey la ItT One ton of coal cost fired, 
nay, $1.1$ and contains 2,240 X 14.U00 » 31,800.000 
Britlah tbermal units. In other worda It would requlr-a 
l)i ham of ocul per bwie-power year to make up the 
eteam phuit'i defidenclea, or nay $2 worth. 

Tbe difference In fixed chargea, on the other hand, 
are 12 per cent of (110 — BB) $0.(10, or a net loss of 
$100 per bone-power year by tbe tiac of the gas engine 
arlth 100 per cent nae factor. On tbe other hand, gas 
blowing anginas ate now being built which can bo In¬ 
stalled for $TB per horsepower, and If these were used 
in a region where cool i»et $2Ji0 per ton, the coot of 
make-up coal would be $420, and tbe fixed chargea In 
Incregaed InveMnent would be 12 (7B — BB) - $2.40, 
or a dUfetcnce of $L80 In fevor of the goa englna under 
thaw conditions Thla la 0 per cent on the additional 
capital required for the gaa engine and might be oeo- 
akUwd a paying, thoui^ by no meana a atartUng invaat- 
TBeol For, owing to tbe micertalntlea of Induatrlal 
euntnga, Inveaton are not eonmoaly Intereoted In them 
nnleoa t^ eu> see a monufectarli^ profit of about 10 
pec' cent and It to obvtoaa that any actional expendl- 
^ t^ requlrad duuM dud thto amount or over, to be 
Jitotlltod. In thto oaw the anount to 7 per cent Interest 
' gnd il per cent nat gavlng, «w 10 per cent In aa It la 
to thto .tonal tt ModlOnM that It beglna to be 


.ggpA tgtonam to toataU gu bloNtag eoginea, though 
'aim BtoMttoi woald Inrito tm at tout 2 to 8 per 
otoi torair topltol chtraw lhaald be aawued agalnat 
ea uesaato at itt Ugh nta o( phyiltol 

9$|l«tof ]to!ir,'to the «< «•«*»•« poww, we 

bdUto we have 

..ili, too Mnet ntaiy 


For these cmMlitloiia we may take costs of $70 and 
$tlU, reapectlvaly, per kilowatt InsUIled, and heat con- 
suuiiitluu per honc-power of 12^00 + 00=- 18200 Brit¬ 
ish thermal units per horac-power fur the gas cu- 
glue, and 

-_-" 18.W0 
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per borae-|iownr for the turbine, or 17,700 and 21,700 
per kilowatt horae-powor, nximctlvely. The use fariur 
Is much lower In electric service than It la bi blowUig 
engine aervliv;. If we Uke 00 per cent wc shall be 
lllieral. This meana that on m-cuuut of peak loads, for 
which It to necessary to pntvlde, the plant In the course 
of s year urtll only put out 60 per ceut of Us maximum 
rahfl ptiwer. Thto factor varies very much lu illlTereiit 
wtarks, hut to higher In all of them than In lublle serv¬ 
ice iilaiita. The beat coiuoimptluns are about wlmt may 
lie oxiwcted under such roiidlUoiM of loading, and are 
not allerrd by Ibis condition, and neither are the costs, 
but the relHlIuna of these two are profoundly nltered. 
The excess thermal units per kilowatt year at full ratnl 
tspaclty for the turlilne above those for tbe gas engine 
are 8.780 X (21,700 — 1720<» »• 39,071.000; and the 
coel to supiily thto at 81200.000 Brlttoli iherumi units 
per ton to 120 tons at $220 iier ton. This Is worth 
$8.10, but tbe use factor to only 00 per cent, so only 
on per cent as much i-oal to retpilrcd for make-up, anil 
the value dni|M to $1.00, while the fixisl cliarges arc 
12 X (70 — 001 = $2.40. In other words. In such a 
cHsi‘ the saving In coal would not liay all the capital 
chsrges <ui the incrcasod luventmcut, which therefore 
would Is- a had one. Moreover, while the niat of labor 
hikI suiicn'lsloD for gaa blowers may be no greater 
tliHii that for steam engines niid Isillcrs together, un- 
(loiihtcdl,v their cost for gas-driven generiitom to griat- 
cr (hiin it to for steam turklncs nisi Isillers. slid this In¬ 
creased dsit would farther tliniw the scale against the 
gas engine. But aa the cost of nsil rises conditions art- 
reached under which the gns engine pays, while as Us 
tlrsl cost fells tile fixetl chargeH fell also and tentl to 
make Us employment sound from the buslnss isilnt of 
view. 

Ymi will see imw, I Ibliik,, why John lloe In Tyrone, 
where ctMl Is cheap, may he a fool to do wbnt has isilil 
Richard Kis< well In Roston, where coal U dear, and 
the engine that to the mtsd eronomleal of coal may 
he far the most wasteful of dollura. A ns-ognlllun of 
this lonst be at the basis of all sound auglneeriiig and 
the fad that It to not alwaya n-nllied by engineers Inis 
done more to deprive them of the standing In the busi¬ 
ness which they should hove than any olbi>r one thing. 

Salt Bid Iti ReUtion to Nntritioii* 

Common salt to a commtMlit.v, the annual production 
of which is known to exceed I2,0n0,n(n tons. Of this 
huge tolai a largo share is iiRod os a pnsmr vuli vu or otlutr- 
wtoo employed in industry, yet on immense quantity is 
dolilieratoly added to the dint of mankind. It is saiil 
that an individual consumption of 20 gnimncs a day is 
not unusual. This average, soatainod for a year, would 
amount to about 17 pounds. The ration appears sur- 
prialngly large when we ohnerve that it may be as much 
aa one quarter of tlie total widglit of protein taken and 
equal to one twelfth of the immbined ataroh and augur 
which constitute our main dependence for running tbe 
human engine. 

It to agreed by all writeia on the subject of nutrition 
that only a small part of thto aalt nonsumption to neces¬ 
sary. 1110 real to dictated by appetite; it to due to the 
eonunon liking for the salty flavor. Individuida are found 
who do not oaro for thto and who ate a^d to eat no salt. 
Thto moans that they use none voluntarily at table and 
perhaps dhuot that noae ahall be used in tbe kitohnn. 
Yet they continue to leoeive a tmall aalt ration bnoauso 
some to present in most foods and then to reason to be¬ 
lieve that thto minimal supply cannot be dtopenaed with. 
Bodhim ehloride to the chief eelt in the hluM and in the 
other fluids uf the body. It to oeomUngiy plain that 
growth cannot be continued unleea thto compound to 
fumlahed along with the other neoetsary nutrients. 

When full tUtnre to lenohed the need tor aalt to doubt- 
leai dimlntohed. It might oenae antiraly if it wen po«i- 
Me to avoid all loei of unit in the excretions. This 
pomtblUty to neoriy but not quite realtoed. Whenaman 
hsto for Bcvurol days the eseiqie of aodlum ehloride from 
hto lystem alnln to a low level but tenudiu appnolable. 
It may be in the vkinity ct 0.6 gramme in the 24 hours. 
In (xunplate atarvation thto gradual loua to probably 
not out of proportloa to the general reduetion of waight. 
Henee it does not land to an aetual lowering at the par- 
eantnge of aMt In Urn body. A dtot soffioient In all other 
reapeeto, bat loaking wit, mi^t bring to paa aaoh 
a hrwet^. 


Ona Interaating (Wilt o( using a Mltdkue dtot has been 
obierved in tlm felhue of tba gtonds of the itomBeh to 



tion and antagonist of putrvfai'tUin must Is- evolved 
from the ohlorides of the blood. Appon-iitly it is not 
soomted when the euneeutnlinn of thi>si' HubslanisiH 
in the bhsNl is at all below the normal and ihia in spite 
of thu fact that the ohionno Ions uf Urn gastric juiou 
oan pnilmhly he meovvred quite suuoessfully. The 
HuggCMtiun has been made that restriction of salt should 
be Iieucfleuil in cases wiiere gastric acidity is oxemnivu. 

Hunge, an Austrian physiologist, has mdln-tcd a great 
volume uf data (-ond-riiing llui haliils of ililTen-nt races 
aa to tlio list- of sail, it is evident that some pnipio 
set a higli value upon it while others do nut care fiw it 
at all. Where it to prized it has often figured in maxims 
and metaphors. ‘‘To earn ono's salt" is a familiar 
phrase which gains point from the raimmon origin til 
tlie wimls "salt" and “salary.” Bunge learni«d that a 
cerlaiii Kast Indian Irils- used as llie mosl solemn oath 
in their court pnieeiluro tlie funnnia, "May I nev«>r 
tasto salt sgiun if I s|ieak not llie tnjth ” 

A lillle investigation sliuws lliat the desin- l4i odd salt 
to thn fiMsI is i>xpericaeed most by those who are vege- 
turiaiu or nearly so. Men who aro stnelly euridvorous 
abhor sail. Thus it was found by the ogi-nts of the 
UusHiaii government that thn natives of Kamchatka 
iHHild nut Ihi prevailisl u|Kin to salt llie fish whieh 
formed their entim diet. The supply of llsli was uiiwr- 
lain and tliat whieh was saved hi eat in the long iiili-rvals 
Is-lwecn eatohes dnoomposod in shallow pits. Klill it 
was pnferred to salt fish. We notion I ho same dcU-sla- 
tioii Ilf salt among carnivorous animals. 

The Aretie explorer Htefannon has rem-nlly n-poried 
a sinking inslam-e of the objisition to salt whieh ni<- 
eomimiiies the iisn of a flesh diet. Tlio Rskinui, wliuiii 
lie knows mi well, hai'o lillle vugiitalile fisst When ho 
sclllisl among them lie was i-inliamisseil liy t.lieir di-nianilH 
ii|K)n his hospitality. I’lilicy dictated that he iilfer them 
food on all iss-asiuns but there was every prusp«s-t lliat 
his stores would bo rapidly depleted. The situation 
was relieved by a simple deviwi. It wss only necessary 
to salt the food moderatoly—mcn-ly to Ins own liking— 
to deter his visitorB from making innsuls ii|Hin it. Tlie 
requusiments of miurtesy were salisliisl and the pro¬ 
visions were isinservisl. 

When a sample of fimd is liurned ns i‘ompleloly as 
jNissilile the mineral nonslituenia renmin as ash. Chem¬ 
ical analysis uf thto ash loads to very different findings 
ill the case of different tuods. Si>veral acids and Imscs 
will always be found. Wc will consider on1,\ the aceu> 
reni-e of sodium and potasHiiiin Tlic ratio bidwinn tho 
quantities uf tliem- two liasi-s is widely variwl, tiumgh 
in the great majunty of instances potassium is llui more 
aliundant. In animal fisMls l.lie disparity is not niarkisl 
but in must vegetAbln sulistances it is striking. Kor ex¬ 
ample, tlie pnipiirlion of |sitasaium to Midium in meat 
(vcol) is 4 to I, while in pivlato it is morn than 80 to 1. 

(ian we nsHiguixo a cau-ial conneetiim bi-twoon the 
excess of potassium in a vi-gclahle diet and tlw eraving 
fur sodium ehloride which is ulli'iiihtnl on tlic use uf 
Munh a diet? Bunge maintains lliat we can. Itto ex- 
planaliim Ims Iss-n criticimsi in detail but to probably 
valid in its main thesis. The absorption into Iho blood 
of a quantity of salts, unlike those unnnally prnsciit 
then-, imiHNMis upon the Iddnoyi tho duty of restoring 
BtauiUnl conditions. If tho ohiot demand is for the ro- 
raoval of potassium oompounds thn task will soon bo 
Booompitohod. But thto will not lio done without a non- 
siderablo loss of sodium chloride. It would be n-mark- 
ablo. indisnl, if the kidney cells oould selmtt all thn foreign 
ions and not oooaslonBlly lot slip some of tho much 
more numerous native ones. 

Bunge was able to demonstnite, upon himst-lf, the 
fact that an exonasive intake of potassium salts does load 
to a loa of sodium ehloride. Ho swallowed as much 
potaosium phosplialu and oilrato as he oould tolorato 
and subsequently exereted all tlm potasrium —equivalent 
to 18 grammiu KiO~-hut siiuultanooualy eliminated 0 
grammes of sodium ehloride. Such a draft upon the 
tissues oould not be oontlnued indefinitely unless salt 
were supplied in oorreaponding amount. Bunge's par- 
tonal experiment was not on unreasonable one, for tt to 
calculated that when potatoes form the bulk of a man's 
ration twice as much potoMum may be ingested aa in 
thto Urial. 

Thera to, therefore, no doubt that odt to a neoesaary 
addition to diets in whinh the ratio of potaaaium to so¬ 
dium fa unusually high. The inatlnotlve eraving for 
it to a marvelous initancn irf tbe almost Infallible oorroot- 
neaa of such imputoca. Bnnge has reoorded the use by 
an African tribe of tbe aah of n oartnin tree aa a snasonlng 
for tboir food. Moat klnda of wood reduced to nahaa 
would ylald n mixtoie ovar rich in potamium whieh would 
be a moat undeabable odjunot to other utioles of vege¬ 
table origin. But tbe tree in favor with these people 
was tha ran axeapUon; (ta aah eontained a most unusual 
proportion of ao^om nompounds. It is rather painful 
to fancy the tedfanis sueceaalon of experiments by whieh 
the aaocston of this tribe diminated various kindi*of 
wood, and pkaaant to tmagino the sathraction lealto^ 
what tlM fortunate eboioe wv finally made. 
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The Submarine in Naval Warfare—I* 

Problems of Desigfn, G)nstniction and Recent Tactical Developments 
I I By R. H. M. Robinson 




United SUten Mbmnrine ‘V-I” 

When 1 ■ci'«'pl«(l tlio InsllUile'i invlUitloD to nddreat 
you, war bad not hiwn deoUrad, but dnoa Iti dttilnmtion 
the hielory u{ the luhinailne In wirfBre hu boon in the 
maldoe, Mid lo much hu hnppnned and wai likely to 
happen, boarinc on my lubioet, that t poatponiid pre¬ 
paring any paper until the laal minute, and lo, 1 fear, 
■hould apoksiu for It. 

Ae an antual deeignor and builder of aubmarlnee 1 am 
falriy new at the game, though I havo to draw on the 
aeuuniulalod nxpnrioncn end advire of my rolleague, 
Mr. Himnn Lake, one of the pioneem In tho pnotical 
lubmarino fluid. 

Modt of my larly oxporienco in the field of dniign and 
Minatruetion wae with Hurfaoo wanhipe, with which t 
may claim nweotiable familiarity, liaving, during an 
eight yean' tour of duty aa amiriant to I lie chief eon- 
atructor of the navy, miperviaed the deeign of every 
dreadnought now in comroiaaion in our wirvicc and half 
of tboee now building, togetlier with numoniue other 
auifhoe oraft of all type*. 

It ll, therefore, on my knowleilge of the vulnerability 
of the dreadnought type to submarine attack aa much 
aa on my knowledge of aubmarlnee that I must base 
my right to talk to you. 

In the hoginnlng permit mo lo aay that I am not one 
of thoan who believe tho auhmarine a cure for all naval 
Ills, or that it will supplant auifaee wanhliia. 

1 am, however, and have always been, a strong ad- 
vocato of the nibmaiinn as one of the most powerful 
naval weapons of defenoe, and aa poaHWiing offensive 
qualities which, in the fulnoea of time and with the 
developmont of engineering aidenee, cannot be minimlsod. 

Tho wording of my subject mig^t imply that I ex¬ 
pected to pose as a prophet, but I ihould pnffor, if I may, 
to show you certain facts and ra most instanocs to allow 
you to make your own prophecy. 

Admiral Sir Percy Scott, of the Royal Navy, in his 
now famous letter to the London Times of June fith, last 
year, look the strongest possible stand for the submarines 
and, IneidentaJly, against the battleships, ooneludlng 
his letter with the statement: “In my opinion, as the 
motor vehiele has diiveo the horse from the road, lo has 
the submarine driven the battleship from the sea." 

Coming aa It did from ono who had contributed so 
muob to tbo dovolopment of the Imttleahlp offensive 
power, this loltor made an enonnogi impreerioo, though 
I oanimt but beliove that Admiral Soott stated the ease 
somewhat more strongly than was justified or than hn 
himself rsally bdleved. 

What may very wdl bo the easo is that the effect of 
the submarine will be to roduoe the rapid growth In sIes 
and enpenw at the dreadnought type, now rMMhing 
to almost unbeaiable amounts. 

The monaoe of the submarine arises, first from hor 
invisibllttff, and, Moond, from the feet of the difficulty 
of providhig against the damage whieh will result fnim 
a blow from the wsHxm she eatrUn. 

Sir John Biles, tL.D., fai a rwent paper before the 
British Institute of Naval Arohltoeta, says: 

“There oan be only two forme of defenoe: first, the 
deelruetion of the eubmarine by other ve sw ls , sub¬ 
marines or othecs; seoond, the protection of the bottom 
of the eurface ehipe hum the effort of under-water attaok. 
The first, tho destruotion of the submarine, ia obviously 
not the work of a battleship or large cruiser, but must 
be k/t to some vessel of the same order of slae as the 
tubmarlne. This destruotion mnst be sought On the 
surface when tho submarine la not submerged, for it 
teems Improbehle that a eubmarine wUl be able lo ehaae 




aiKilhir offeotivriy under the water. In any ease, the 
Kiibmarins will be dangerous to the large snrfOee ships 
until It Is deetroyed, and, as the means of dostruetlon 
am not yet oertalnly at band, the qusation of effeotlvdy 
protecting the batUeabip against under-wnter attaok 
Hncma to bo deswving of oonsidsratbii, unleei some one 
is rondy with a mat reply to the submerine.” 

A greet deal of attention has been given by naval 
archltsnU to providiog, in the dreadnoughts, proteoUun 
against the automobile torpedo, with astonishing small 
■ueoess up to the preeent time. 

I peteonslly strundd with this queriton for a good 
many yean, and I beUrv^ without eonoeit, that the 
United Sutes has to-day as good a sidutian at has yet 
lieen obtalnsd, but oven that fa by no means perfeot. 

Kur a ship at anchor a reasonable proteotion against 
the pomibility of damage from the automobile torpedo 
may be obtained by the use of torpedo neta, although 
the development of tho net nutter, attaehed to the tmw 
pedo't Boee, haa made even this imeertain. It fa almoet 
impossible to use a torpedo net oh a ship under wny. 
In the first place, it enonnoutiy decreaeee the speed and 
haodiiMi and enormoutiy inarsasee the fuel oonsump- 
tion of the veesal wearing the net, and, bi the seeond 
place, the mare fbet that the remel fa h"Hm, way on g o n 
the bottom of the net to riae to the ipitaee and thereby 
leigely doee away with the advutage ef the net. 

This beliig the eaie, the only remaining pomlbUlty 
is to inclode wlthia the stmoture of the veaael llarif 
proviikm egalnit damage by attpek from a torpedo. 
Unfortunately, it ia much eerier to inereaie the power 
of the torpedo than It fa to isorenee the dafenriTo pio- 
teetion built into tirn bnU of the dreednou^t, with tim 
reault that, if any given riam of Kifeee rit^ haa piotee- 
tion agrinet the then exfating tMpedo. it fa talfiy «ey 
to vitiate the value at tide prataetton by Inena^ the 
power of the torpedo. 

Briefly, the ptov iri ene whieh may be embodied ia the 

darign of a ship agelaat the dsMuge of the torpedo aoat- 


nuahig full apeed el the aurfaec. 


prise undcr-wator srmor, additional eompartmenth^, 
and eompreeaed-air installation for loeallriiif the Inflow 
of water. The undei^wator armor, on the face at It, 
looks like a good solution of the problem, but, as a matter 
of fact, it fa of very little use to put under-water armor 
on the external hull of the chip. A torpedo ezploBlon 
has a onishing effeet, whfab raaulta in tearing the riveted 
jointa. The rivets seem to bo attacked In detail, and an 
inenwee in the amount of metal applied extenuJly doom 
not do away with the neoearity for nveted Jointa, and. 

If under-water armor were put on the elilp In the 
manner aa the above-water amor, there would be no 
connection at tbo joints, rineu the armor above water 
fa stmp'y plastaed up against a backing plate. 

Careful and minute oompartmontijig, of coune, ooven 
a large number of poiwlbiUtlM, but provlriM only againat 
the damage done by the torpedo in localising tiie effect 

The oompnmed-eir installation fa a means of pro- 
venting water entering the body of the ehlp in too large 
volumei ae the reeult of any damage done by a torpedo. 

It haa to be epedally applied, ntUbdog wbat Is 
the “baaldog up” method, using preesure in thh adjeeeat 
oompartinentf of varying degrees so as not to damage 
tiie ihip'i stnioture by the alr-pretaure. 

The beat solution of the proMeni fa a combination at 
the three methods referred to above; 

Proper oompartmenting—and by this I nuan lome- 
tbing different bom the time-honored system In use In 
the older days—under-water armor not located on the 

external bun of the ship nnd ao derigned u to give a miB- 

imum strength to the structure of the sh^p, end a grad¬ 
uated compressed-air installation for ebeck^ the wat« 
after It gets Intar certain oompartmanta iriilah cannot 
be prevented. 

There are severol emential features in designing a 
■urfaoe ship and ia providing these anti-torpedo ptotae- 
Uve features wUob must be kwked out for. Thepiiaripal 
among theeo fa the rifeot on the iongitudiiial or traae- 
verie trim of the vernal, bom water getting into one or 
more eompartinento. The 4aestioa of loi«ltudiiial trim 
fa ordinarily not as important as liansvecne, and piorl- 
rion may be made, and haa been made, for »-«—-j-j 
treasverae trim or llat by admitting a riwini- amount at 
water on the opposite ride to that ii-Mg^A ■mia 
eourie reeulte in a greater rinhags and eonasqneat ta- 
duethm in speed and safety of the ymari, but, when a 
b ala n c in g system la properly atianged la ■«»to-ntiim 
with the defeorive ntedns m aBti o ned ehova^ It should 
probably remit In the ultimata salvage at the aUp, 
althou^ her value aa a flatting Unit after the damage 
bom the torpedo would prabuhly be fltlis or noOlM 
tor the time bring. 

The British endan "iboaUr," ‘‘Cftagy," nnd 
"Hogiio,” whfah were sunk by the Cfatman -ntmmlne 
■'U-D,” were, of eounak not ridpa of the aatH 
typo. Jtur, however, r ipg —it a very amanaal tive 
of ririp of some 15 yean ago, and the bMt that ageh af 
them aaakaa the nsQU of a blow bon a rimdfl torpedo . 

indfaatee plainly anoui^ the fmt that a of tuqr 

Uttis age non beoomss ptaelia^ out of it whiB aabjiet 

to tiM deaaar ef fubmariae alta*. 

TlwmonioeewtriakiBgirithadriffhtoaAt’*A»l»- 
elouri'brings titfaOwi^t mom tateriiinr to ow ariada. 

TIm sufamaiiiie, ah yoglmow, is wtat iB a wv Urn; 
in faet, eoBto vmy eaeriliat vooespriene of ei rt i m*H pto 
aietiaitoaliL AarotoediMagtoinvmMtiUifleet 
him but to read tfat iatomriiag and eaa#iito wmk hto ' 
••flobmariBe Navigatie%- by ASib W, Banite trlh 
lahaame «ha toatous typm of aultottdmihpifliitto i » 


*JournMt or Um rnnkUa IwUlote. 
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SocccmThI mbaulae mitMk 4t eloM ranfc. 

IwuHiyokt vnitinai, of which rovosI types have been 

I uud. None of thcsn can be Hud to be perfect yet. bnt 
great imptnvrmeiiUi liave been made and an itill maUng. 

Tho Ugh prcaniree and temperaturea that occur in 
the Diesel engine result in itresste tiurt are serious, and 
tho high speiM and comparatively light oonslruetion 
that must bo ol>tainod in submarine engines give a cliamw 
for trouble that might not exist In a idow-going Instaila. 
tion. 

BTORAU* hattwt plant. 

Tho safety and sueoess of the atlaok of a submarine 
depend to a great extent on her ability to approach the 
enemy while submorgnd and to remain eubmerged for a 
long while. In a high's)* engagement the enemy’s 
fleet may naturally be assumed to be under way at some 
speed, so that the development of the suaimiDg type, 
to which some reference will be made later, will lugmally 
Inslude some Inorosaod submerged speed and considerable 
innmaaed submerged radius for maneuvering in the 
vlelnlty of tho enemy for a long period. 

Inoreasod submerged speed ami inoroasod radius of 
action submerged will midco tho batteries proportion¬ 
ately larger than are at present usod. 

In the case of the sea-going ly|M9 of suliiuarinu the de¬ 
sign of the storage battery requires stuily in order to 
got tho battery best adapted to obtain ^e maximum 
speed submorgwl and the greatest radius of action along 
wl Ji a reasonable length of life. 

ILECTBIC PROrmaiON ON TBS SUBPACE. 

Owing to the meohanloal diffloulties involved in large 
lavenibls Diesel engine plants. It may be found atlvisable 
to design for a purely eleutrii*! propulsion—surfsce as 
wsU as submerged —using Diesol-Mvon gonoating sets, 
or turbhMMliivon generating sots driving motors on tho 
surface. Tho present diffloulty in tho way of such in- 
stsllation Is the slae of iliroot-eurTont motors required 
for constant duty on the surfaee. 

To save spaoe and weight, voltage up to SOO volts 
would suggest Itaetf sa feasible, or, as a oomiiromiae, to 
use fiOO volts for surfsos running and 2fiO volts wben run¬ 
ning Bubmorgsd, wbieh would involve piaotioally the 
same voltage as at present used on submarinos. 

Tho oleetrlo propulsion would Involve one or more 
Obaerring hy H«tu of the periacope. direetmirrant generating planta, and the propdler ibafte 




nndertaVan by all manner of people sinoe before the 
hagtviettig of the Christian eta. 

The Ust of inventora includes men of all nationalitlea 
and (tom all walks of life; doctors, olergymon, lawyers, 
mflitary nun, and meohankw. 

Sonw of tike prajeets were absurd, many were never 
undertaken, but others had exoeOent Ideas, and wore 
peifeetly praetloable, except in one essential patUoular: 
a proper prime mover for propelUng and auxiliary power. 

The early boats were, ot oontaa, propelled by hand, 
BO other power bring then known, and it takes little 
tmaglnatkni to understand how labwlouB this was and 
how little speed or eontrol oould be oxpeeted from a 
oiaft so prowled. 

It was not until steam had been ueed ae a motive power 
In soriaoe ships for many yean that a really operable 
submailna wae produeed, ai^ not until the development 
o( the In temsl-oombusUon engine and the etorage battery 
that tile submarine beoame the wdl-developed lostru- 
meat that we know to-day. 

Btrangriy enough, there haa been of late a retom from 
the tntemal-oombuathm engine to steam in eertain in- 
.ptanoes for surface propulsiaB, but so far the itorsge 
battery holds undisputed sway as a soune of power for 
nnder-water work. 

The nbmarine at preient must oany two entirdy 
dlstinet and separate sounea of power, one for aurfaoe 
woric and one for su b merged work, and the stoiage bat¬ 
tery per unit of power is very heavy. 

I ^va kept befoie me for yean a sign that reads: 
“The man who says a thing ia impoasthle la apt to ba In- 
terrapted by aomebody doiiig it." Bo I ihall not ny 
that any means of nnderwaler propuUon other than 
storage batteries Is Impraotieabla, but at the preeent 
time no other ptnatioable means is apparent, and it la 
thb very bet that is tiu greatest ratrietion eoafronting 
the rabniBtine dedgnen and bnUdera. 

Tht enentiil features of any submarine from a 
miUtary point of view an lutfaoe speed, enitaoe radius, 
sabmiqod qwed, submerged tadlue, and armament. 
aonrAOB noruiaioN. 

Tho early neoeedul sabmariiwe had gaaoline enginea, 
Hmm wan later eupenedad by heavy oil enginei of the 
DIettI eydo—flnt, touroyda enginea, and, more rasentiy. 


Loagitadiaal aectieei throagh a typical OeirauB aabmarlae. 
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Ike Soir^DrMdwMCkl 
fkfB4U«HWt o( H. M. a -QiiaM IUmIwUi'’ on Um 
in'iiililw af tha AlDMi’ ittnck on tba Q^rtlnnellpi fbrtit 
M fNfn thk OMP te 0W9 to tlw nnnMntM of rouIIoe 
In tha nrr emir tUya ot tha war we atated 
tM* the proUanM that had fhcad military and 
nafal a^^^iiiaeia dnrini the many yaam that they were 
M^int HUtarlal which waa never toated In haatlla 
ei)a»ni>naa, tha itaateat of aU naval proUoma—U m 
4»aa1hwnhta vaiaaa White ahlpa—wonld bo lettlatL 
We adnrit that at that Ume we expected the Rceat 
iwt to be made In a aaneral fleet actloo, and In the ab- 
erwa ao Cw ot that nitliaate trIaL It Ih MtHI opni for 
tlw advoeatae of the wnallcr vowoIm with mixed arma* 


mora than ordinary Intereat at the preeent moment and 
we quote It In foil: “Oae ot the moat Important do- 
otakMia that tlw Adiplralty have had to tako for many 
yean waa the advaaoe from the l!LIV-lm>h xun to 
the IS-lncb Ron. Two year* aRo we knew that other 
nmntrlCH had already dedded, and had avtually beRiin, 
III aonw oaaea, to adopt a namlier of more imwertnl 
weapona than we pomoMed In the litA-lwh Run. In 
tha *1)11660 Hliubeth" tyi« we wlahrd aim to have 
oxntptlonal aiieed wltbcAt any bm of nun lower or 
prnteotloii or undue Ineruim In illHplaitMiicnt, We lind 
thUM to Rive lip one of the ll\e turreta to Hud room for 
the extra boiler power, and In onler to itiHlnlulii inir 
Klin lower we bad to Inrreaae the puIIIht of Ibc kiiiih. 



qnthtort iweile and deck plan nf miKr-<|to>4aaafht “qneen EUiabelh.” ahowInR Runa and armor plate. 


nieiit to data that the dedakm U not Unal. Rut they 
mUHt be very deterrulnod oppoueuta ludood who rofoae 
to admit that the dreailnuaght battloHUpe and emlaen 
have fnlly JoatlHod the advlaen of the Admiralty In 
their daolalon to boUd them. The "Queen ICllaabeth'* 
baa, hpwerer, Riven ua all a Muprtee, uot ouly by her 
mdden appearance In an nnexpected quarter, but by the 
effect ahe baa produced. In all dliicuiiidoiiii we have 
heard, and in moat we have read, on the relative value 
of the Ufl and the medlum-idaed baUl<Mhlp, the ImeU 
of oompaeleon baa alwaya been two hoatlle veNwlH or 
fleetn in pctlou; attention haa rarely, U ever, hoeii 
directed to the attack on pemuuient land dcfeucea. It 
waa elthee todUy awnmied that t fleet would alwayn 
have to rpn the Rauntlet ot a Rwieral adlou liefurc 
eii attack on shore defenora could be attempted, or Ad¬ 
miral lU^'a dictum, toat a fort could always beat a 
Hhip of equal moneUry value, bad been carried further 
than 4w author intonded. In the Unit alternaUve, com- 
petlttai «tth eMDty ohliM waa the criterion, and aa tbo 
qnfntlnn the attack on forts was dependent upon the 
power of a fleet to destroy Its opponent on tbe biRfa seas. 
It was neflected an nf only secondary Importance. The 
second alternative, that powerful forts could not be 
miia lies full j attacked, haa presented the revelatlou of 
the war, on land and sea, and It U hardly sarpris- 
IDR that It encaped atteiitbn. UnUl the nermans ehowod 
ns what oould be done affalnat great fortnwira It was 
the tMurat bellef-as mneb, no doubt. In aermany as 
In other coontriee—that such dofences conW hold out 
for taut periods. Until the allied fleet, witb enonnesis 
Runs of half ramm ataliiR Into the Mne, under the dirae- 
thm of aprcqiUiws and watohlm shipa effected tbe de- 
■traottm of forts In the Dardanelles, no one had 
oQRRldfltod ikfl poMlbllltlee of imeb thlnas; the soiprlse 
the Oenmimi <m ushore. we have Riven them afloat 
apd tofta as a means of defence, at least forts of tbe 
^ ^ ngw know, are ^Iseredlted. Admiral llshan's 
dictnm mpit elearly bo re-wrlttcp or t«.read. That 
■Hat ortttp aynmathlaed with Mr William White's 
vtpff* rt# tta Bp* a«l anaamwii battleablps. but 
^ u Pt(*«wa that, kflii ta Iiwa 1“^ wit- 

jllpmed' Qto effect tfeRt tbe IB-lneh rui has had at the 
and that the UH-lacb Rnaa bad lu the 
actlufi) be wonhl have somewhat modllled 

Pmm" U* 

1wb*> 4I^ ■*“* ** anxletlea 

la hnt eu of five slaten; one other. 


ZrSaliarltM* Wwa iWe for compl^i 

Mthe -Uhlajflr' *tald ta HwwHir 


Thus wc had elRlit lIl-liM'h riiiim limtcud of ten l.'i.r>-iiicli 
Runs. There bi no great difference In c<Mt Involvisl In 
this. Rut what Is niuiirkablc Is llmt while other coun¬ 
tries wen* dchatluR and vx|N>rliuontlnR we sctcil. Wc 
ordensl the whole ot the lA-liicti Runs fur lls> nIiIim of 
the I01'i-I.‘l pruRramme without ever making s trial 
gun. Wo trustdl entirely In British naval si'lcnce In 
niHiiiic artillery, and to tlie excellcuce of uiir Riiii-umk- 
liiR Nj-Ntcni amt to tbe qimllty ot llrltlsh workiiiniiNtilii, 
When the Hrat of tbw Ifl-lm-b rwih was trlisl a ><-ar 
HRo It yielded balllatk! results which vliullratiHl. wllh 
wlist Is to the lay miml marvellous cxactItiKic. the 
inliiutest cnlculntloiw of Ibe ihwlRiHT. It Is tbe Issil 
Run we ever had; It repnsliNws ell the virtues of Ibc 
1.'l..1-liieli Riiii on a InrRpr wwla, and It Is tin* uinsl ac¬ 
curate Riiii at all HMiges that we bare over liiid, and 
os It U never im'saetl to Its full romnem by cxiiIimIvc 
dlscharRC It will be au cxceplknially Ioiir-IIvimI riiii. 
Its iKWver may be mcasoroil by the fact that wbereiin 
tile 13.B-lDcb Run hurls a 1,4W)-pound iirojeclllc, n IB- 
Inch Run dlscbaraes a projectile of wsirly a ton In 
weiRbt, and can burl Uibi Imnicnso uinss of metal 10 
or 12 miles. That Is to say, there has ls>cii iiii liii-rcnsi. 
of rather more thsii 30 per lent I aiu iiiinscM-Iy viiRiie 
oil thh< iHiliil lu the wclRht of the iiMjisil'c for an 
addition fit IK liH’hcH to Ibe cnllla-r. This Im-reasr In 
the laiMiclty of the sIh>II pnalrn'cH nwiilts In far Rreatcr 
pnaairflon In Ita cx|il<silrc |M>wcr. nial the IiIrIi cx- 
pluslrc ctiarRc which the IB-lwli Rim can carry IhniURli 
and Rct Inside llie thickest annor nfliwt Is very m-arly 
half ns laocc iiRnlii as bi the eluirRc In the l.*l.li.’' 

If one ship with these line wenisais eonld do wlinl 
tbe "Queen Kllaalndb" has done, what may not fmir 
more doT New vistas of Um iwrt of Un-nt llrltain In 
the war and the Influemm of oca imwer are uffeml. 
These consIderntUum must Iwve ■■•eurnsl to the tier- 
maim, ami we may well MIeve thiit'the Ihiimler of Ihe 
10-liirh Runs lu the dCRcaii Hen sounds sll too rliiNe to 
their oars.—The ffsphtotr. 

1k« bi4ic»tt4 Mmt BtairMag of Ttme 

Tnc iadioation of Ume has long been one of the must 
taponant (*aton in the hiatoty of the world. Kventhe 
primlUvo peoplra bad some crado miUhnds of teUiug 
ttaa, uiuidly by the son, and one of the Brat Implo- 
menu used hr the porpgae waa a vertical pole stuck in 
ths ground to sstaUlah Qw noon mark. KepretenUr 
Uve types of snriy Ume-keeping apparatus and me> 
ehaninni from various oountrUs ars to be seen in tbo 
U. 8. National Mnseom at Washington. D. C. This 
ooUeotioB eonsisU of permanent and portafalR sundials, 
hontflaiises, time oandlei and lamps, a lane sories of 
watches and watah movmnenU, and clooks, Including 
a water otock of the seventeenth nonluiy. 

of Um apily ttme buUeaton. Is a modal of ono iiaed by tbs 


Montognafai Indians of Canada, ooniiatlng of a pole set 
vurtically, the shadow of which was markod in tta snow 
by ooeh hunting parly to indicato tbo timn of lU arrival 
to the IndiaOB who followed, thus making tha p a ss age 
of time calculable. Other interesting speoimons are 
brass and ivory pocket sundlala of the flftoonth and 
■ixtoonth nmUirles. Thera is ^so a ring dial which, 
when held verticaUy, purraiU the sun to shine throu^ 
s small holo on one side of the rim and register the hour 
on a scale on tho oppostto side. Vortical and huriiontal 
dials fnim many countries and laUtudra, dating from tha 
flfUsmlh to tho twentieth oenlurica, arc reprosunled. 

One of the most priniilivo time recording devices am* 
liluywl hy the Chinese and Japanese, was a knotted wiek 
about 2 feet in length, which smouldered without break¬ 
ing Into flomn, and indicated the passage of an hour 
hy the tiniu consumed in hunung between two knoU. 
KIiir Alfml Is cradiUsI with liaviiig intabUshod a systum 
whereby 12-inch wax candles were dividod into equal 
distamsw; relatively a third of an hour being roqnlrad 
to burn an inuh. A candle of this typo, hut only lU 
iucliiw in length. Is oxhlbitcd In the museum collection. 

Miilipim II. of Spain is supposed to have used an od 
lamp fur mdiistUng liiiu<, tiui durressu in the amount 
of oil bt>ing sluiwn by graduatiniu on the ghtss raoorvuir. 
ll was designed i«|Hs-iall.v for iilRbl use; tho graduations 
slarliri at llic lop. with llm mark IIII, passod downward 
Ui XII. and llum from 1 U> VIII, iwerinR tho period 
Ilf winter durknias. A similar lamp is in the National 
Museum exhibit, cbwsiHcd as a powtor time-indicating 
lamp, marked for tho hours nine to six, and was nul- 
lis-ted in lOUl m Nuremberg by Dr. Samuel P. Lsuigiry. 
late serratary of the Rmilhwmian Institution. 

Hand glasisM are represenbsl hy seven spiwImonB of 
various ty|H« imlH-aling 3 miiiiiUw, Isair, >4 hour, and 
I hour, and onii (lonnaii sol of four liour glassm probably 
of tho fourtuoulh wmlury. The liour gUss is said to be 
the invunlkin of l,uilpran<i, a monk of IJhartrcs, who, 
near tho end of the oi«hth oeutury. revived the art of 
glasa blowing. Thiwe inslrumenls are s|dl popular 
willi many clirgymen. and it is undersUosl that one is 
in daily use in tho Dritish Hoiisi' of Comiiions. 

(liMiks oisraled by water isiwir ilato liack as far aa 
3 *) l». (’. ill Bgypt, and alllutiiRli their history is soi^ 
wlial vogiie, it is IsJieved that llu) larllost ones in- 
dii'stod "hours” of uneven lengtli. while those ovoliod 
during tho sovcateciilh oontury and later wero simpler 
and showud oven periods. Clocks of this description 
and of this period arc known ss L'lcpsydns; one with an 
alarm attaohniont was isiUechd for tho museum by Dr. 
Ismgley in I'aris. 11 ismsinls of a holbiw drum, partly 
0111x1 with waUv, siisiKmiled from an oliluDg frame by 
two isirds, the lower eniU of which arc wrapped about 
llio shaft of the drum. Wlion tho curd is wound about 
the sliaft, the ilnim is at the top of tho frame, and if 
rcloaiMl would ilesix-nd rapidly, unwimling tho oord as 
it guos, wore its apuxl not regulated hy the aotlnn of the 
water which flows slowly through a series of soven cum- 
liartments within tho drum, causiug a drag or cuuuter- 
lialanee to the action of gravity. The ends of tho shaft 
ant as indexes pointing to the liours marked on the 
frame. 

The ilaUi of the introdiielion of elocks worked by 
weights iri not dnllniloly known, hut it is supposed that 
they did nut appear until tho thirbsmth or fourteenth 
century, ami that John Mixjestom oflTokiRUo luvenled 
the ew-apemenl. Tho miisinim displays a nuiiibt>r of 
theso rlimks, ineluding a sliip's cks-k wliii-h rings "Is'IIh" 
in Heo-gohig style. 

IVirtaldn time pieces appeanxl sliiirlly alter l.HH) as 
the invention of I'eter llenleiii of Nun-iiils-rg, who 
employed a UinR nblmn stix-l spring lo drive llui mo- 
elianism of his watrlaw. 

The museum rolli«tion of watches and inovenienls 
nunilHTH ■everal hiimired, ami illiislrateH the ilevelii|i- 
ment Ilf lhi« iiiu-lumical part of the wab-h, nusking it 
possihle bi nimimra tho work of many ••rly watoli- 
makors of this and othiv rountrios. HulUlin of Ihe 
SiHtthomian litelUulion. 

Etectny-PercDHiTe Weldlog 

An intcresliiiK variation in tho many methods for the 
eleotrle wolding of metals, iwrtioularly wboro the two 
ports are different metals, was describ^ last fall at the 
meeting of the RIeotro Chemical Hooioty by C. R. Hkinner 
and L. W. Chubb. In this system, whioh is called an 
olectm-penniisrivii method, a oondenser diooharge is 
passed botwnon tho ends of the parts at tho moment 
when they oro prosKd together by mechanical force. 
An inlcnM heat is generated so suddenly that it is entirely 
looaliaed, and there Is no time for Uic uDoqual oonduotion 
of boat through the bodies of molal, and tbe adjoining 
ends wUl bo melted, whether the mriting polnto be low 
or high. For this raason metals of different kinds can 
bo welded together independent of their deetrioal rtela- 
iMiop, melting point nr heat ciinduclanoo. For example, 
lead and iron can Is* thus weliled, but such joints will 
not be pennammt. 
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Recognizing Vocations from the Teeth 

A Phase of Occupational EMseases That Has Received Little Attention 


Ir wi nxeept plioaphonu puMonlnff in (be nwtob in- 
duilry, Uwre it in the preaenl (Uy movement o( ewing 
for the workmen In tite variout trtdea one phwe of Uw 
onflupnliunal diteMet of wliinh we beer oompantively 
little. Tbit ie the offeet of different tmdne or ooau|i*- 
tiooB on the tooth end it ably dltouMed by Dr. M. Krouae 
io • roooDt nuiniMtr of />u Vmtekau, 

Not only do the teeth benomo dewyed or otherwite 
diHuoied, or uhongod in thtpo, but they even on Worn or 
diimlved away to aunh on extent that only ttumpi re¬ 
main, and tbie due to a variety of oautee, not only to look 

A good oxomple of the flrtt-mentioneil ooae it fundthod 
by oonfeetlomin or nandy mokeri whtue front teeth 
porlioularly, ore prono to donay foUownd by lubmquent 
diiooloration of the expoeed dontinn, duo Ui iho oonalont 
breathing in of augor dual. 



Fig. 1.—ConfectlMera* earlei. 


With workmen in ohemtool footottoo, whore ooida ore 
roonufootured or uaed in large omounta, "the ptooeoa of 
doatrubtloD la not in any roapeet like the ordinary tooth 
deoay but ia a deoompmdtlon of the Inorgoalo oonatit- 
\ienta and a dovitaliaatiun of the orgonie eonaUtuenta 
of the teeth.” 

In deaerihing the offoeta of ooida the author, who reliea 
to a oonaideroblo extent on what ia told to him, tella ua 
that "the auhleoUve aonootlon U alleged to be above oU, 
a fooling of duUnoM in the offoeted teeth; theae beooma 
00 aenaltlve to ohonge of temporature and to oonloot 
with aour, sweet and aalty foods that every partaking of 
nourishment abnoat beoomea a torture. This sensitive- 
nesB diaoppoors when the prooeaa of deatniotion hoa 
BSBumed grootor proportions.” (Viga. 3 and 3). 



Fig. 1—Add nrerods of the large Indeors ef the 
upper Jiw of ■ chemicml fectory wwkmu. 


thatthli ooaUng may ftUl be deteded after a eltange 
of oeonpation of tome durotlott, it may be dfedgiiated 
and utilised oa an important eharoetirlatio ladtca ti on 
of oeonpation." 

This deposit la caused by the “unavoidable metal 
dust whloh oiiaea during tlw work and lettlaa on the 
teeth during broathlng, eombioing with the tartar coat¬ 
ing of the nagleeted te^.‘‘ 

The wearing away or roughening of the adgee rf the 
teeth ii well iUuitrated by thoemakati who eo n ttnuonily 
uee noilf and bnda of different litet, which tiiey usually 



Fig. 3.—Add ue er ool a tS the lowtar udddU ludaer. 


hold in tho mouth and whieh thus aorvee oa a hautdy 
oonteiner. “When a noil or wme bmd la required the 
tongue puahoa it between tho biting aurfaeee of the m- 
oiaor teeth. There it b held fast nntU required tor use.” 

Thb roiulU In the formation of ooorsely jagged edgM 
on the Innisor tooth. 

“Only when the naib ore oontinnally pushed between 
the middle inebor teeth will aemldroular euhetanee 
eroainna sooner or btor result, whloh ore alinllarly 
found in upholatetete." 

Aa to the efloot of thdr trade on their teeth, we quote 



Fig. 4,-Teeth of a gloaeblower, uhowlug the 
rhomUe opening formed by the rtvelvlnf pipe. 


AH tboN.wbDsa oeeopttloM eotmMi Uwai t» bw lb 
oniiai Boedb, thol b, tdlort, aatdiates,' eertirt m i Wr e 
ate., show “lUt duped noovei tm dw onttiag e^ of 
tho indMra, ond aoeordiag oa the pn ia a ia or is light' or 
Isfl bnodod. nmnliig from tlgltt to’btt or fi« ssno, 
etthoc sbating or in 4he o4at«c ot the enttbg odgo in 
tho diiootioa of the euWiiig phiM.”' OBsoVIff.«}. 

Tho aouMb that most wodMrsiatfabtmdo,inalouMi 
toiulo, Uto or teor off Iho ihreul with Iho taubor tooth 
bAfon t hfuafting noodlii. 

“If they hnvo tiu habit of ilniily hoiding peoelta bo- 
tween their teeth ooeupationol iadloations ire alao evl- 



Fig. S^Teetb of a giaaMowOr, Iho mlddb in- 
eiaer teeth show rend won off gwf aeso. 

drat on tho front teeth of teoehen and dnughtonra, 
time oanalng ooneave snbstanoe ereelon.” 

“It haa been proven that the habit of pboiiig naib 
in the mouth and repUeing those not used In a box in 
eommon uee haa bera the oause of the tranamlanlon of 
syphilb. Abo tubomuloab and other infeotious dboaaee 
are oertainly spread by sneh obnaea.” 

ByphiUtlo inteetkm has Ukewhe been reported among 
gb^lowen. For thb leoaon ehoemakan, nphobteren 
and gbsiblovrars should he eouUoned to the danger 
of their manlpulatlona, and the abolition of these abuses 
vigoxoudy demamded. “By thb ueams a great amount 
of miafortune will be prevented." 



Fig, Teeth ef a dreeemoker. Neteibe grooves 
which have reidted from bitiag off Iho thread. 


“The front teolh on aenount of their lonation and ar¬ 
rangement are the flrit to suffer ainoe they ore earliest 
exposed to tho injurious influeneos.” 

It ia uhservod that in metal workers, who ore negleet- 
ful of the note of mouth and teeth, almost half of the ex¬ 
posed aurfoeos ot the tooth, fnim tho gums upward oro 
eovorod with a dirty green noating. The workmen be- 
liovo that they have "verdigris" on their teeth. 

Dr. Knuiae woa nqieatedly able to ennvinoe himself 

Sellca from the Second Grinndl ExpedhiOB 

Tnaoveii the recent death ot Hr. Amoe Bonaall, the 
lost survivor of tho aecond Orlnnell expedition, which 
set out for the Arctic regloiia In Hsy, 1803, In search 
ot Sir John Franklin, there has come Into the p on s e s 
Hlon of the 1J. R. Nalionul Muteum Berertl reUea and 
mementoH of that notabb undertaking, which havs bera 
donated to tho nmaeiim by the dsnghter of Uw explorer. 
The collection Incindia gold and silver medab pre¬ 
sented to Ur. Bonaall by the British government, and a 
daguerreotype made after hb return fraan the expedi¬ 
tion hi- UK. A pair of pobrbear akin boots mede by 
him an Hhgllata rifle, an English kntfo, with a carved 
Ivory handle of Bafcimo manufacture, and a “aon'west- 
er," originally from tho Arctic expedition ot Sir John 
Rosa, all uaed by Hr. Bonaall during hb exploraUona, 
and a pair of shin atoi-klngs and fur boota manufactnred 
by the Eskimo are alao on exhibition. 

Ihle exhibit b dlepbyed in the north hell of the 
older National Museum building In connecthm with 
otber Arctic reliea. U rccalb vividly the bardihlpe 
suffered by tbe rearae party amt out in the brig “Ad- 
rnnee.” nndeg the direction of Dr. B. K. Kane, tt.ftN., 
whieh were eo graphlcilly reported by the eommandtf 
upon hb return. 

Some of Ur. Bonaall'e experlenoes were very thrin- 


the following in regard to ^aasblowDn: "In order to 
form the glaae maaa ulo a deoired ihape, gtaiHilowen 
make use of a long iron tubo, eometimea provided with 
a braee mouthpiece. Thii b the eoHuUled 'giaeriilower’e 
pipe' vdiloh b held between Uia ^ and teeth and b 
turned during blowing. From thb worn eoneave ini- 
fooee result on the middle inebor teeth, whieh when 
olosed, riiow a rhombio or dianwnd-hke opraJng ehaiac- 
torutio ot gjaasblowars." digs. 4 and 6). 


lug; hla report of a sledge Journey made by six of tbe 
crew and hlmMlf to eetiUtih provision staUiwa aloiig 
the coast of areenlond to a remarfcabb atory of adven¬ 
ture. It racorda a most porUona trip, over Uw lea and 
froam land. In September and Ootobrr, 1803, and wben 
the tempecatnre was far below aero. At the very rat- 
set, their eledgee broke through the Ice, preolidtatlJig 
aevertl of them Into the eaa. Shortly afterward they 
came to an Impamebb opening in the ice extooHiig for 
mllee on either aide of theuu forcing them to await Uw 
rise of tbe tide to doae It up. The author mentions one 
night'e sleep on melting lee which aoeked their boflhlo 
robes, rradering the nwnbert of the party “extremely 
cold and uncomfortable"; Inddentelly their aoeka ftora 
to the soles of their aboea Sometlnwe the cold wu so 
severe that they could not sleep. In aplta of their ex- 
hanated condltlra etter the forced marrii at the day. 
The fuel gave ont, the only watch key vrae bat, pie- 
venting the recording of time; all the tbemrawtera 
were broken, and neariy every member of tbe UtUe 
band snflered from froato fSet, Angers, or faces 
Dmdte their mbfortanes and eufferinga, thay satab- 
llabed three oaeftoi of provlalunA marUog each with a 
cairn of rocks Their pr og wa s was often v^ .alow, 
aome days only ebht or ten mlba wate ooveaad,. orulat 
to the rough lee, cracks and barrieip o. M 


The ortieb eouoludet with thb egoetlrat advioa: “As 
expesboeo in oUmt oeeupatioaw baa sbown that notioas 
and pofted regnbtkMUi do sot receive the deserved atten¬ 
tion, we need not expeot mnidi reeult from tUa method 
In wrakahopa. The bvar for raUghteoment and oduoo- 
tion abMild already be M»ptted to the opprentiem while 
attbetredasohoob. Itbtberethatweihooldhymeana 
of worda and pleturea emphoaiae the great danger to Ufe 
and health of suah enstomary oboaea." 


on oUwiB they managed to moke as many as twenty- 
ave. Often tluy bod to. ferry their dadfa and thmn- 
■elTae aeroos itzetcbsa open water on eakea of jbe, a 
very danieroai uidartaklng. 

On anothav trip in Hsrdh 1M4, a rasena porlT. itf 
wUeb ha won a wanbar, aaffaied oven man mrairij, 
and tU of thaa were tU tor some Umo after tholr le- 
tun to the riiip, from dHlrinm, seurvy, froot Uteai and 
other oansea. Hr. Bouall wU Uw flrat to ritam iriUi 
dlreetions for the eon and ottentten of tho othM wbok 
whan thv arrived, ware,eovsfed with frost and tolt and 

■0 chiliad and sxhaiisteft that thay were nt|da to tw- 
ognlna tbrfr enntadee on to* "Advmnoa* For Sbctr-*lz 
houra tifay hod bemi eonteOBUy 00 tonsaiyfib with VH 7 
Uttlo to oat and ovan lasu to dxtnkr duliig wUeb Urns 
they hod trnvHad batwemi aighty sttMti. aOtet 
most of Uw way dnggliiff a htnsy Hsdka lodsp wUh 
tour holplass mmi, Aa « laoutt of thte expoa o re, tero 
of the men died, and oavinl wanioretd to trndtetn 
amimtafleM ef from m e m h m hot,tho oUMti iroeor^ 
erad after a trying Hopr wbteh tmad. too ah^ Intp a 

^ flub , 

Ins letln of thte haieter tetoi sf whteft Mr. BtiMMI,Wiu 
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Italian Military Aeroplanes 

Interesting Types of Craft for Air and Water 

By John Jay Ide 


UnRAiy avUtioa in Itatjr dntM baek to tho wlntar 
of lOOM irlun Wnbnr Wright otter bio Mmnphi in 
rniioe tMight lient. Geldmn to fly nt an Mrodromo 
MH BmIm. Tha government did UttU to enooiingo 
tho induby and by the end of 1011 there weie only 00 
aato^aaiM In nee. Ttae are now ahnoit 000 maehhiet 
ofwhldi IflOanottiMlatartinodab. 

Tba manhinee of domeetio derign and oonetruotion 
an genmOy of the monoplane type iniidred by NleupoH 
with etwnetlinee a daah of BMriot or the defunet Hanriot. 
Only two nakea pt native biptanee an uaed: the Spa- 
Faoeioii and one model of the Aeteria. Boamakeean 
oompaiatlvely dow; hat eMHitlng bipbuMa have yet to 
mabe their appeaianoe In Italy. 

Until 1014 an the Fhnnana uied by the ItaUan anny 
were imported Cram Tranee. Bariy Uat year, however, 
the Bavola Coaopany whleh had aaquired the manofaotui^ 
log righti for Heniy and Mauriee FUman bipUnet 
opened a Jmge flaetaiy at MQan covering 00,000 eqoare 
yard! where large oontraote an beliig oairlad out for 
tho govenmont. Other foreign manhinee imdnoed under 
Uoenee by Italian flrme an the BMriot, Brletol, Depar- 
hmln and Nleuport. 

One of tho moet euoeeeeful Italian monoplaaee ie the 
Sabardinl produced at Camari, Novara. Although the 
maohlna ie not iHmlinllaf to the Nleuport in general 
outline then are levenl ipooial feainiM Inoorpotaiod 
in the derign. The fueelage, oonriruotod of iteel tubei 
rrintoreod with wood, hae q^to an original tonn. Tho 
forward part, from the noea adth ita 80 honoiiowar 
Qnteu to the rear of the ooekpit, ic notangular in Mo¬ 
tion. Behind the aeata, however, tha lowor longeroue 
meet and from thia point to the etern the tuaolage ie at 
ttiaogular 16011011. The above arnuigein«it wbilo giving 
B good itnam-Iine form allowi ample room for the engine, 
fuel tanks and ocoupante. The triangular porthm of 
the ftiaebge ean be detoohed for puipoeea bouring 
and tiamqNirt. 



770 poundi; uiieful load, 770 pounds; apcod, 40 to DA 
mllet par hour. A ltydro-aoru]>lane model la also pro- 
dueed by the Galtardiiii ilrm. It dHTun from the land 
maohine in dlmenriona and In the alighting gear, the 
latter of the two-float tyjie. 

Another prominent monoplane i* designed by 8ig. 
Caproni and oonitruetod at Vixsola Tinino. f^veral 
mudrii an made includioe ringio, two and throe etialen, 
generally furniehod with OnAmo bnt oooaaionally with 
Aneani moton. With an 80 hone-power QnAme the 
two-seater ie idightty faetor than the Gabardini, duo in 
port to tho atraom lining of the top and Irnltom of tho 



The two span of eooh wing an of tubular steel. On 
tbaM the riba in loosdy mounted eo that they poee a ei a 
eartain amonnt of flaslbility when warping tehee plaoe. 
The ribe an of I-beam eeotlon with the weba drilled for 
HgbtBem The And toil plane and riavating flapa an 


fueelage and the email head roiiitanoo of the Qbaeele. 
Seotloni an out out of tho wings at their roots to improve 
observation. The Caproni works aieo build Bristol 
btplanet under lioenae. 

Tho Chiriblri Compuiy of Turin build both rimde 


Nleuport dorign bring foUowod throughout, even to the 
oh e e e l i, ooniieting of two wheels and oontnl ildd. 

The latest Maoohl produetion is a Nleuport of the 
"paraeol" type (having the plane over the pilol’e head) 
with a Morane landing gear. Tha Friuli monoplane 
is a small BMriot type, ilngle-seater, equipped with a 
36 hone-pownr Anxani radial motor ami a Hanriot land¬ 
ing oarriage. Vory few maoMnee of this make are uaed 
In^lhe army. 

|l Biplanes and monoplanoe an made by the Astoria 
Company looalod at Turin. Both types an driven by 
propellon Instead of the mote usual traotor serewa. 
QnOme moton ore used on the oionoplues and Renaulto 
on the biplanes. The only other Italian designed bi¬ 
plane la tho SPA-Keoeioli manufaotured by the SPA 
automobile firm of Turin. It Is a two-aeator equipped 
with a 60 hone-power SPA motor and has a simple two- 
wlteelad Imidlng nheeili 

An intereatiiig Be^>lano ie Ueut. Calderara's “hydro- 
vol," a hydro-monoplane of over 60 feet ipan. The 
panengen an carried in a hull forming the oenter 
float of throe, oonneoted by a ouuple of span. The 
axis of the propolW, driven by a 160 bom-power OnAmo 
is slightly below the huge wings which era mounted 
almoet 8 foot above the floats and joined to them by veiti- 
oal struts. From tho ouUw struts spring the booms 
oatrying the toil plane, elevaton and rudden. 

The outer floats, equipped with email water rudden 
at the eUm, uo divided into a number of watertight 
oompartmente with internal lattice frame. Thu hull ie 
formed of throe alrina of wood with nihdoth between 
adjoining skins. It neoesiary the wings ean be out 
away and the oentnl hull used as a boat. 

FlylDg buats~ln this rmte biplanee-ara abo built 
by t^ Uoeii Company. Many of these onft have been 
sold to foreign navies and they are likewise popular 
in the Italian navy. 

Captain Quidonl lupplioe Farman biplanee and Niou- 
port monoplaiiea equipped with special floats of Us own 
design. In eooh eaee there are two long floats, eaeh fitted 
with parallel fins. 

The Italian navy has acquired a large number of 
Curtlm flying boats, inohiding a dupUeate of the "Amer- 
ioa.” The fleet of the 90 horse-power standard model 
is now being considera b ly augmented. In this oonneo- 
tion a paragraph reoently appeared in the daily pren to 
the effect that Italy was abimt to place an order for 800 
aeroplanes with Amerioan ooDstruotora. Our maiiu- 
facturen in their present condition wouU toko several 
yean to fill luob an order. The training of pilota and 
obiervers to man thia multitude of man hi net would be 
incidentally a formidable taak. From an authoritalivo 
source I have learned that an order would probably be 
forthooniing but would not amount to one tenth the above 
mentioned number. Amerioan Anna, tiierefote, need 
not start work on additions to their plants just at present. 

Tho Italian army maohinea are divided into aquadruos 
of ton aereplaoee eooh. Seven maniilnee in a squadron 
are always on aotive eorvloo while three ore held in 
reserve. The Minflori aerodionie near Turin is the 
priuoipal military flying ground. Aooeptanoo testa for 
auroplanee and motors, and examlnstioiis for pilot 
certifloatei an mode hen. The oentnl lehool for 
brevete ie at Avianu and three milee away at Pordenone 
is the training ground for those who desire to obtain 


o^ied ftwn the Nleuport but they an plaoed weU foi^ 
ward of tho rudder givliig the latter a wlda range of 

oonstnetad of ateel tubing'eovered with fabils. 

A lever moimted between tha ‘pUot'i kneac ^wratea 
thealmtfMasdwlBgwarping. llwtndderigaontrallad 

p^dtlis 

nn.. — I- — Hai^ Unaa, eonristi of two ridds 
Jetted to the ftmrieie fay thno ctrats auh. A tnbuler 
Hde egetying a peir of wfateb ii thing fram the iUde by 
AT rabbtr bnada. 


and two lealnti equipped with moton of their own 
make. Thrir 61) hoi^power racer la eroditod with a 
ipeed of 103 mllai per hour. The standard models are 
fay no means rapid, doing only about TO miles per hour 
with an 80 horsoiMww motor. The general derign 
preaanti mthiiqc unusual, the ohief ohlm to dJstiiMtkm 
lying in the employment of a itatlonary motor. The 
Antoni monoplane is abo of the aonventional type, the 


suporior bnveta. Then are several other aondrames 
reetriotod to oortaln makes of maohinoe. Tho oontral 
marine flyiog school is at Veaioe. 

The most populsr motor is, of eoune, the QnAme 
made under license at Turin. The Anasal radial motor 
ie used to nme extent, u are statkmary motors iNtxlueod 
by FIAT and SPA. Thom lost, however, are generally 
reetriotod to airship work. 
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Copper Cyanide Plating Solutions' 

Valuable Facts Relating to Their Composition, Action and Results 


I HAVR rtuKifu ai a the wurklng uf a nipivr 

bath, aa Ihta la by far the muHt eileiwtvcly uaod aiul 
alMo the lucMt loalructire Holutloii. 

There are three thiuga whleh are iieceatiary for the 
ileiMHltlKii <if mi'lal '-curreiit, elis'tnule, and eleolrolyte. 
Ak lla> elertnilyte or plating Holulliin Ih the mimt Impor- 
tiiiil, I will euiilliin myaeir to Ihla Item. 

The iihjert of employing cyanide Milntloiia for the 
deiHwItloa of rtipiaT hi to he aonght In I he fact that In 
HU<-h HolullonH Iron doen not repincp cupiaT, nolwlth- 
Nliiiidliig their plaeCN In the electrolytic w'riiw, a phe- 
iiouieiH>u wlileh Ih due to I be complexity of the Halt In 
whh<h the co|ipcr Ih preeent The complex aalt, which 
lunkeH thiH fenHlIite, Ih the dnuhle cyanide or Hodlum 
copiier cyaiihle, I he anion of which Ih Nb, the cation 
CnC).: thill Ih. hy the aclhiii of Ihe eli-rtrlc rurrviit. 


high current denalty and a Hiiltnlile coneentrutlon of the 
Holutloii. Nil Ih not dlHcliargcd at the cnlhiHle. lint rcacta 
with an niKllHMwhited part of Na('ii('.t,, nn |H*r Ihe ful- 
lowliig e<|natlon: 

Na + Na ('iiOy,- I’n + '< Nnl'y. 

IhuH Hhiiwhig that the ... comier Ih n Hecond- 

ary reaction, iitMl that fn-e cyanide Ih formed. On Ihe 
HiKHle. tlm nnlon t’lit'y, «HmililiieH with Ihe coiuht of 
the elwiriHle, forniliig cnprouH cyniibU' I'ntly, + On-= 
a t'lK'y. 

I'liliMtiH cyanide Ih liiHoliihle In water, hiif Holnhle In 
cyaidde aolntlon. and for thin piirpoHe the free cyniilde 
gi'nemted at Ihe enthode la reqiilriKl Hiippoelng wo 
have protwr ciindltlonH- low current dcuHlly on both 
elcctrmlcH—etiongh free e.ranlde Ih produced on the 
caibwic In order to ki>ep In Hohillon the eiipniUK cyanide 
fomHHl on fhe aiiiHle. Ah Ihe free cyanide of the 
cathode la really needed on the anode for dhatolrlng 
pnriMMeH, and iih In a Htlll wiinthm Ihe mixing Yclnelly 
Ih very low, Htirring ami warming of llie electrolytic 
iMih would exiNHlIte thla mntter evnalderahly and bring 
the Iwth very near ht an Ideal atage. However, worm 
and agifated aidatlotia miutre a more careful obaerva- 
tion on nevonnt of whleh Iheoe two Itenu have not an 
yet been paid Ihe alteullon they aetnnily dcHerve. 

If tiH) high a current denidly I* \w«1 on the cathode, 
not all the N'u Ioiih act reducing on the nHlIiim copper 
eyniiMe. but are partly dlncharged, forming Hoilinro 
hydrate and hydrogen In conneettun with the water of 
Ihe hath; 

Na + H,(l NaOH + II 

Thin read Ion acconnta for the development of hydro¬ 
gen or ganliig at the CBthtale. It meaiiH that lean cop- 
|icr Ih depoalted per ampere Itoiir and iHit milBdenf free 
cyanide formed In order to keep the amnle clean. There¬ 
fore, the aolntlon iieccHHltaleM the aihlltlon of endlnra 
cyanide, otherwlne the anode heemnea coated and the 
inmage of the current Ih Infermided. Too high a enr- 
n-nt deUHlty oa Ihe anode lenda to the name teanll; 
rovering of the elertnale with an Innulatlng Him of 
enpri-enpro cyanide. 

In n'gard to onrrent denally, It mnat be home In mind 
that warmed and agitated mlutlnnH can he worked with 
n higher current denally tlian cold oneo, and that a 
dciiHlIy of aptiroxlmotely 3l> amiiereH iwr arinare foot la 
quite fpuHihle without yielding n burned and bUotered 
depoHlI. 

Anotlier feature which la quite Intcreatlng la the 
nnnaint of metal depoalted per ampere honr. In a cop- 
tier cyanide aolntlon which coiilalna the mrtal In the 
cutiroua Male, the aanie number of ampere boan riraald 
yield twice aa mneh metal an In an add bath, prarldtng, 
of eoutoe, III the tavoralile condition! are prerallbig. 
I c., a Htmng Holutloo, warmed and agitated, worked 
with a nilniroiim amnniit of free cyanide at a low car- 
rent denally. Ah. however, common ptaUag oolutiona 
are worked on nearly the contrary condllioiw, the reU< 
live amount obtained from a cyanide bath la rnncii 
lower. Mow much lower depend! entirely on the Klt- 
tlve condllInnH. niid only one featnie ahonM be empba- 
Hixed, which han lH>en mentioned ahore; that the more 
hydnigen devdopn on the cathode, ho ranch lower la the 
piireenrage of the metal depoalled (ler ampere hoar. A 
Jaw eniTMit dcnnlty reeulUi In a high weight of the 
metal depoalted per am|ien! honr, while the depodtlon 
, 'la hIiiw. a high corrent dennlty ylelda a lower weight 
pniiHirtliHintdy per am]N>re hour, hut cnnonhllif laoi 


By Dr. Max C. Weber 

time for a certain wdipit of metal depoalted, raaulting 
III a greater depoaltlou of metal per hoar. 

Kurthermurei cyanide sulntloiia yield a hner, more 
houiogvneotiM texture and brlghtor metal nim than the 
acid batliH on acconot of the aecuudaiy copper depool- 
Hon and becanae hydrocaa may dorelop more fMdy on 
Ihe cathiHle in luch a adutloe without fear of burning 
or hlbilMlug the depoolt. 

TIumc few rumarka give an Man bow complicated the 
reuctloiu In a plating aalutiuo are, and that It raiinirca 
Hklll and experlauce to procure a aadafactory depuolL 

The lint part of thla paper haa ahown that the cou- 
Htltneiit which la eaaontiat In a copper cyanide hath la 
I he doable aalt, aodlum copper cyanide, coDnUtlng uf 
co|i|icr cyanide and aodlum cyanide, which ia eaally 
formed by adding the uccaoMry amoant of each chem¬ 
ical to water. A hlidi-gnde aialinm cyanide boa been 
iiliiiiliicd for qnlte a number uf yearn, hut cofiper 
cyanide could only be procured at prlcea which made Ita 
iiHc iwohlUtlve for teehnini purpoan. 

Kur ihiH reoHiai many aalte—one might call them huIi- 
trr^lgeH' have been oaed which were Intended to aub- 
Htllule cupper cyanide and form the aame when brnaght 
tiigelher with cynnlde aolutinn. One ahuuld bear In 
mind that whatever cupper aalt la brought together with 
cyanide aolntlon, the Anal compoand la the doable aalt, 
wHlliim copper cyautde. Another tact which Hhouhl not 
Ih> luet Bight of hi that one cbemleal can replace Another 
only to the extent uf the raqnbdte elemenni, nial that 
by the reacdim of two aoch aulta, alwaye a by-pnalnct 
Ih fornad whleh cuntnmlnatm the compound deairrd. 

Thla bi tlie cuae with the ci^nier cyonlda t kipper 
enrhouate, copirr aulphatc, cupper acetate, cuprl-cnpfo 
Nulphitc have been employed in order to form copper 
cyanide In eonoevtiou with aodlom cyanide and water. 
Tliat by tbcae teactlmm an inert by-pmdnct conalatlng 
Ilf aodlnni Hulphate or aodlum anipbite or aodlum acetate 
or aodlum caibouatc In formed to a high percentage 
everyone wna eware ot but to<* it for granted a« Ibe 
pnatuct neceeaary, I. e., copper cyanide wna nut olitatn- 
able cummcrclally. 

When ualiig copper carbouate, whk* ia really baolc 
copper anlpliate containlog a amall percentage of car- 
iHiuatn, according to the temperatore at which it bi pre¬ 
cipitated, aiiproxinutlely one half pound of Inert nutter 
Ih formed for every piaind of copper carbnnnte, Mug 
comlKwed of anlphaleH and carboiutea. By the One of 
copper acetate, or cupri-enpro anlidilte, Ihla Inert matter 
Iv Htlll further IncreaMed, and for each punnd of the 
coiuiionDda uaad, from nine to ten ouncea Inert mlta are 
prodneed. Theae oalta accnmohite In the bath morn and 
more with every addition of the reapectlre copper aalt, 
and dnally yield aoch a denae aulntloD, which being 
overloaded with theae waate compouada caniwt he 
worked 111 a aatUtactory maonor any longer, the Pbited 
nrtIcleH being blbitered and the aulatlona are of neeoo- 
Hlty diacarded. 

The nwHon for thla la that a bath of thla kind hna a 
relatively low metal concentration nnd a much higher 
one of Ihe Inert anlta. Aa a rule, the electric enrrmit 
defualiN the melal eaaieet to dlacfaarge, which la this 
caar la the alkali metal Therefore, aa the enrrant don- 
alty Increaaes an exeeea of hydrogen la gHnerated, wUob 
cunoua bnrulng, and the current output drope oMudder- 
ably. 

Aficr coiwlderlng thla crude method of forming eop- 
|ier cyanide one abonld remember that the copper In • 
cyanide plating aoluttan la in the enpro attge, while 
copper carbonate copper mlpimte, copper eeetatn ere 
cupri wItM, and cuprl-cttpro golphito If a mixtue ol 
iHdb. Thla meant theae aalta mart be drat redneed to 
Ibe enpro atate before they are dt for plaUng. Thla 
ivdiictlua li executed at the coet of the aodlnm eyanidn 
which li ictnelly Intended for brtngliiir the copper 
meUI Into aolatkm only. Furthw, neutral copper mite 
na copper acetate, copper aulpbite, and cupri ■nlpklte, 
when brought In cuoUct with eyanlde oolatkma, form 
cupri cyanide drat, which, being on nnatable compound, 
decompuaea Into enpro cyanide and eyanogon, whkli lat¬ 
ter eooapea Into the air, and os tocount of ita highly 
polaomnM charactar la moot detrimtutal ta th* health 
of the plater, 

Taking into eonnlderatlaa the dlagdrilatagt* i»- 
onltliw from the praaout method for prodnetag a pMlaff 
aolntion. every pragremdve plater ibnbM grprt with Jep 

Ihe tact that a chemically pufo eupro cyanide In MW cp 

the aurket at a prtca moklM &■ ape -."TirUlnil 

Umu that el gny ethM pepppp iMk VIM Mi 


comidlihnd by new monnlhctailag metbodi worfcad out 
by the author of tUd orUcta. 

Copra cyanide contalna nothing but the Ingrodlmita 
neeeaaaiy In a ^flng eolnttoii—ccppoi and cyaPcgM 
io that by dlaaolTUig it la cyanide eehiUcii no teri, 
nnnecemmry pradneU are added. lUa enahlea the pitter 
t>) have periM control of hie oolutlnmi at all tim e n , h 
whenever awital li needed he oddi It ta HM fohe o< 
copper eyanlda, and, when cyanide li n eeded, aodlimi 
cyanide, thus almpiuying mattera. On acenunt of Ita 
high pereentagu of maui—It owitataa 70 pel cent para 
cupper, the rout bring cya nagen eotatloM UgMy eau- 
rentrated In metal can be worked et a rektlvriy low 
Himdllc gravity. This ia a further advantago, ta • hath 
low In deurity le mooh mon eoelly controlM than n 
very ccocentrated oaei 

Cupper cyanide being a enpro aalt, dost not co no nmc 
nny cyanUe In ordor to bu tranaferred to the enpro 
otagK, and becanae of lu bring a cyanide ttaelf It n- 
qnlfVM levs eodinm eyanlde than any other cop p e r Mlt 
to ytold the double mlt aodlum eoppm qran^ the 
twmtlal eonrillnent of a plarihg oetutten. Thla tact 
poIntB out a m ire eeonomleut omthod for producing a 
plating aolnttoh. In other wordo. It mtua mcaey. Whdn 
one buya a metal mlt tor plating um aboaW not forgot 
that It la not the price of the metal In the mlt Itoelf' 
which enuHlltutte the economy of the mH, but the price 
at which the metal hi put Into aolntlon M a dmfole 
cyanide. It la thla economy of the copper eygnUk ram- 
bliinl with ItR high technicul qualtHre which nmken Cop- 
|H>r cyanide onporlor to any uther plating mlt 

The dgnrea In Table I give a cuiiipilaan at platliig 


ivs pooada Hodlom syiidde, 1» per met at 

IR WBt« par penod. 4S.M 

-IM.M 

auIntloiiR produced with different copper mlta end are 
the rceulta of ictnal ttpto. The metal eontenta of the 
Milntiooa ere the mme u In Table I. 

After contlnnoua opetatlona for two honta It waa 
found that while the eolotlan made up wlQi copper 
cyanide renulned almcat conotant, that 1% the rritUve 
proportloM of metaIn and icyauMa worn practically the 
mmo. the aolntlon made up with the other mUe baceme 
unbalonoed. The anodm ocettag over requiring fUrrimr 
adiUtlcoa of cyanide, ebowlng once more that aoloticu 
Blade np with dMmically pun ceppor eyanlda gave 
maximum aiaeieiiGr. 

An MHWlied eoppir edthoimta ww the meet ntog- 
rieely noed, I gxra Ihta aoluttan opaetal attaattan and 
found, after ncnoMinble UxpertaMittag; timt la 
to ditaln a iclnticta wUh auMent ftaa otsMe to ita- 

tata A dttaly boloiioed aotattad Um foHMring Wtf^ 

were necoamey; j, 

140 mUta cupper catbrneta at 1« ctllta h* ' 

MOM.«»ao 

too pModi iodlBB taul^e, Ud praomA atdt 

. 

the Bioat*h^Miat 

ridli not na» p tn the grmtaof cAMiffp, mg-.Air 

la the ppMRBt Um wUdh to tlUtiiiiiiliTliiiri» W’- 
endmeur to attola ea and.gpefo^jdf 
da .pagUbto. wbfte dritMtog. Id oUMliAM to^gjUMr- 
fo ohtaiii 
atohtoi-toM 
b^'«k. 
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The Formation of Ozone in the Upper Atmosphere—11* 

And Its Influence on the Optical Properties of* the Sky 
By J. N. Pring, D.Sc. University, Manchester 
Concluded from SciUNTinc Ahbrican BDPPtiMKNT No. 2aS2, Pago 287, May 1, 1015' 


It wm found tbot a more Ttloable yield In tbe for- 
nmUflO. of oWne by nltra-Tlalet light U obtained with 
diy abr ur ayteu than In the oaae of tho muliit (bmh. 
nti Inawwe of water baa been netlced by earUor In- 
TeaUgatoia, and la poaalbly dne to the fonnatlan of 
trama o( hydrogen peroalde which la known to react 
with oooiM aecordlng to (he winatlon: 

1IA + (^-H/) + 20, 

In thla aarlaa of experimenta, air after drying wea 
dreolatod through the reaction reeapl at different preaa- 
«m atto: laaning from the radlattou reaaal tba air 
was liamedlately led tbronab tho reagent Ifoaaure- 
fflentt were oondneted at preiiaurc of TCOi 70, and 80 
unUaNten In the Alffnent eufim. The aante total 
anount of air waa pained In eerh experliiwat and ex- 
peaed to the radlatloii for the mme Interrel of time (10 
mlnntaa). The naalta showed a great deereeie In the 
formation of oaona with deereaMP In preaanra. Tbna, at 
7W mUUmetera preeaura tbe yield umoont to 0.1 per 
rent and at 80 mUUmaterii to a(XU4 iier cent 

Kxperlmenti which have been made on the atpmnire 
of water to ultra-violet light have indicated that a 
ellght deeoniiMalllnu tekeH plaie In nmirdanoe with the 
reactloa; 

2 H/> 11 , 0 , -f II, 

It haa alao been stated Ihat when raoiKt air la anbrnltted 
to the action of ultm-rbilet llubt, tmrea at hydrogen 
peroxide are formed. 

Bxporlmente ware made by the writer to detort the 
fbrmetloii of hydrogen (lenixldo by puaelng dO Uten of 
moiat air throngh the exi>erlmental apparaloa during 
two boara, and leading tlirongh a eolation of titanic 
add in oulphurle add rontalurd in a Hmall glaan qilral 
waabar. No ofaange In color waa dwarved. A romparn- 
tlva teat made by taking hydrogen peroxide aolntlan 
■bowed that It la puadble to detect with oartainty the 
praaence of 1 X 10^ grammeM of thla cnmponnd with the 
above rrageiib In W Ilirra of air, thla would curre- 
qwnd to a vdame of 1.8 X 10-* per cent Tba ainoant 
ftirmad under the'conditlona of tbe above experiment 
ranat tberetore be below tbta value, which la very amall 
compared with tba amount of oaona formed. As hydro¬ 
gen peroxide la decompooed by tbbi teat gaa, It la donbt- 
fnl wbethw any appreciable quantity would be perma¬ 
nently atobla In the prcaence of omaie 

The only method, apart from eolorinietrle teate with 
organic reageuta, which appeun to have bean applied 
hitherto tbr diatlngabdilng oaona from oxldea of 
nitrogen when at high dllutlona la one which mulata 
111 paaaliig the goa Into llqnid air, when oaona dinolvea 
and nitrogen peroxide oaparatea oa a lolld. Thla matbod 
waa applied In experlmnte made by tbe writer. A toul 
vohinH of 68 Uteri of air, after pawring throngh a con- 
eautiatod solution of poteaidnm hydroxide and then 
through anlphutle add, was led throngh tbe reacUen 
veaael, where an are was formed cmiUnuoualy, and was 
than pa wad Into liquid air. A pnlod of alx boura was 
takan for tho paawgs of tba total volaina. After thla 
time, a amaU quantity of white aoUd, wbldi appeared 
to ha mainly had collected in the Uquid olr. On 
aaparatlng by nitration throngh One cloth, and then col- 
lartlag tba gaa evolved on evaporation In a gasometer 
ovar awnuy, abont a liter of gaa wu obtained. This 
dM not glwi any oolonition with totra-methyl boos 
mpir. nqr, on pamdne the whote through addlOed potaa- 
atup lodMa Bdutlon, was any Iodine.liberated. 

' Tbomti. it cannot Anally ha aUted from thaw experl- 
■MOts that nd feematkm of oxldw of nltrogM or hydro- 
' pamMa oogun throngh the Inffaanoe of ultra-violet 
yat It la 4iewn Omt the qnontWy obtained la 
nagltflNy anwll whan aeaqiarid with the oomw 


The amarlwdrtt ahaw dmuiy that la the hlghar ah 
' IMsflWM tha BMdltlow an presort (or the twnaatloa 
rt a jpglgWafaMp tetanftty of odono, hat the data aro 
Mt dtalikUa Isr eataiteting the magnitude of this 


;;|t.#x >a laAnad that oa tba Ught af the anall 
.-■kdtvi Wh .hdrtwBT Iff t»a ttrmailou of omme enanot 
' -.»rtt >t i tf iwar,.1am dhrtrtea itto tba atncmdmn, this 

ffMATUrttM AT 

Wii A*^i*w*i*' • 

'■'?. • ay td rtshla the appH- 


llona waa darlaed ao aa to be Huitable fur nwt In monn- 
taln dlKtrlcta, and aim tor attuchliig to aiwiiidlug 
buUuunii. 

An aniroximate cnUbrallon ut tho volume of air cir¬ 
culated was nude by mvaiu uf tba aniumiillon tbat this 
amount Is arlthmetlcnlly iiroportloiul to Um velocity of 
tlw wind. A meamireiBMil waa then made by placing 
aouM pure benilne In tba vcMiel, and after exiJuelng for 
dellulto interralB to a wind of known velocity, notldog 
tho low In weight Knowing Ihe vai»r prcNauro of ben- 
ilne at the prevalltug teiupeniinro, It waa pwodble to 
calculate (he volume of air taiNHMl by aaaumliig tlwt 
eiaporatlnn uf tbe benxine would take place lo the oatu- 
rntlon point. Tbe average of a number of tbroe deter- 
mlnatloua ahowed that when the apparatiw waa expoecd 
(ii a wlud for an Interval, during wbleh u horlxoiital 
flow of air at one mite uerurred, tbe volume circulated 
through tho vewel corrcaiwndcd to (1.12 lltera. 

Katlnutlona uf oxone, citaiidlng ovar aevcral days, 
were mado In Switserland, tint at a point near Hrbeld- 
egg (Wangeru Atpa), at an altltnda of 0.im> feet, and 
then at a point near tba Jungfraujoch, of Il.tUO feet 
altltade. 

During theae menauremeiite, teata were made for hy¬ 
drogen peroxide by oxpooing titanic acid mlutiun In an 
apiaintoa similar In that oacd for the umne eatlmatlon. 
Tlw color of (hta reMgnit remained i|ultc unchanged 
after expoidag for two dayo at tho different altlindce 
and under different ouudltlouH of weather, Ibiw Mhow¬ 
ing that there waa no oppreclnhle quantity of byilrogcn 
|a>roxlde In the almuaphcre. It waa noticed, on the 
other hand, tlial freshly Calleu anew nr ball gave a very 
marked oilotutlon with tbe reagent. It U hoped later 
to conduct teata with glacier water, aa thin would be ex- 
liected to retain tbe hydrogen penaldn Bamrlalcil witb 
theonow. 

In the estlmotlona of oxone, made by meana of potaa- 
alum iodide. It waa found tbat In no nue waa any 
laitanalnm lodalo formed. Ah lailuted ont alaire, this 
abuwH tho abaeiice of any approcbible quantity of oxldea 
of nltrageu. 

Tbe rexnlte of tbe eatlmatlona of nir)nc ahowed a 
mean volume per unit volume of arc at H,UTll feet of 
‘AIM X It^*; and at ll.ewt feet, -1.7 X 10*. 

In order to obtain aome Idea of the amount of oxone 
III tba hlghar rcglona of Ihe ntmoaphere, um> wmn made 
of the aounding balloom which are used In meteorolog- 
leal ioveatlgatlona xt the Manebexter I'nlrenilty. Theae 
Iwlloona, with the biatrnmente atteebed, riee to an aver¬ 
age height of about ten miles, and than bnrat. Tbe de¬ 
flated akin retarda tbe rate of fall of Ihe limtrumenta 
to the gruuud. A knowledge of the height attaliuHl and 
the temperalnre la obtained by a recording ham- and 
tbermograph. The reaction veSMcl for tbe onnie testa 
was of (be wma form an nited In tbe previnna oxperi- 
menta, and waa anapended rerttcally from the balloon 
togatber with the other Instromente. 

A rough ealcnlitlon of the amount of air which would 
pass tbroogh the veaael during an aseeiit and descent 
waa nude, and It waa seen that the exposure of the 
renel to a borixontal flow of air of one mile niiiaefi tho 
panage of 0.112 Htora. Kxprraolng In cenllmMera, this 
givm for a dbipilaceiamt of 1 centimeter 0.0112 cnblc 
erntimatera. 

On tbe aaaumptten that tbe volume circulated la pro- 
portloaal to the dliplacement through the air. It followa 
tbat daring an ascent and dcaeent, the maaa of air 
pnmed through In grammea la given by 2 (p —p.) X 
13.0X0632, or OW (p—p,), whera p la the atmoa- 
pberte prcaante In eenttmaters of merenry at gromid 
lovel, p, that at tba hlgheat level reached, and 13.0 the 
danalty of a m e u ry. Tha volume eircniatad In Uten 
(masaurad at ItT.P.) Is tbarefbro 0.670 (p —p,). 

At a height of abort 6,000 matera the temperature Is 
always below the freertng point of the reagent (—94 
degraaa), ao that teocHou laiwt then take place with tbe 
BuUd. It tkta wen above that under thaw CDodltlofla 
the method tppUad did not aoabte a dlatlnetlon betwam 
opoea and oaldaa of rttrogen. However, In all maaaure- 
atenfa made up to 8,600 nutfera. It wxa found that 
nelthar this gaa nor hj^rogeo peroxide ware preoeiit In 
aby aniceelahle qnailttty, Nitrogen peroxide b of 
eeana qslto aisbie M ordinary tampemtnrea, and until 
dbsolTad bp.atotqapiurle water aa nitrie add, any gaa 
Ibrmetf^U hilkgltWMa trortd remain sadaeonpoead. 

Vr oatMUtm tba rawBa oMdMd t^dhar wHb 
tbaga nada a* dtoartltTsI rt aMMn up go U kfl»r 


niitvni, I lie cuiiclusliin may bo drawn that there te no 
iililircrlalilo uuuuut uf hydrogcu peroxide In the higher 
HtDHMiilieri-, but that there la a cuualderablu quantity uf 

Tbe mean values uf uxuiie eatlmated In the meuanru- 
nieulH made In thd Alpa were 2.0 X K)'' in uue vulume 
uf air at AO kllumetetM allltwlc, and 4.7 X 10 ■ parte at 
.'L.O kllumetera In Ibe ueaHurenieiita made with the 
lailluiMia above Uaucbealer, the mean vuinme uf uxune 
between gniuiul level and altlludcs up lu 2U kllumeten 
gave a value of Al X 10 *. Even after allowing for tbe 
nbnonce uf thla gaa at lower allltudcH, Ibe measurements, 
tlkiiigh uiily apiiroxlmate, Indicate tbat there b no very 
large liH-rvnHe lu tbe amuiiiil uf uxuiie at altItudeH he- 
Itvceii 4 iiikI 20 kllumoteni. Iliiwcvcr, alnce at thla bat 
height tlie presaura ut the ulmuaiihere la still about 4 
eeiitlmriera. Ibe amount of light of wave leiigtb liolow 
2UU Ml, wbicb b umwaury te form ozone, would be very 
Niimll. I'be pnibablllly tliiia still niuiHina ihat hImivm 
tbb elevation a largely Increased content uf oxone pro- 

TIIK INrLUKNi'R or OZONE ON TIIK NATIIBK OF LIUIIT 


Thi> resulte In tbe above cxperimculM of the approxl- 
male detennlnulluiiH of tho quaullly of oxone In the 
higher almuqibere anpply data which enabled meaaure- 
iiieiilM to be made In tbe laborulory uf Ibe depth of color 
given by tbb amount uf oxime. 

Kor tbb experiment, a gbaa tube of 2.8 meters lengtii 
iiiul 4 ceiilimeten diameter waa tnheu. Tho walla were 
provided with aide IuImm, one near iiieb oinl, lu eiMlile 
llie laiwHge of the oxoulxed gaa through llie lube. Tbe 
two eiub uf tbe main tube were ruvered by thin plaleu 
of gbaa. wbicb were cemented by sodium alllente aoln- 
tton BO aa te make an alr-tlghl eouiteetlun. The outside 
uf tbe lube was wrapiied with black imia-r, and a white 
IHiper disk plao«I over one of Ihe end plutcH, tm Uln- 
niliiatliig thla by daylight and viewing Ihe tranomllted 
light througb tbe other end, the Inleimlty of eoloratlon 
produced on uilmllting oxone of known eonceutratlou 
could be obaerved. 

The remlta given In Ihe table lielow rfeord the obaer- 
vallona made with Ibe tulie when fllli>d with oxygen 
cunulidng different conci-uLralluiw of oaone. The tblck- 
iien) of tbe byer uf pure giis which la equivalent lo this 
ciiuceutratlon b also given. 

Pwemtage ('norm- KuuIrsIpnlThlrknnJ 
mUoo ot Omme at latyiv ol Pare I'ninr liliservfd 
to (liygm Dune. 



It la ilink-iilt to coffliMrp tbe color ot the gai In a 
tulw Ilf Ibe ubiVD imtuni with that of tlie sky on ac- 
eoiiiit uf a large Influenee exerted hy tbe nature of the 
llhimlnatlon. 

llie nbove Rmiimila of oxone run he compared with 
tJiiam found In Ihe ntmuephero. Taking the ammint of 
tills gaa found In tbe Alpa at an altitude of AO kllo- 
meterM ea Ibe mean eoneentralloii throughout tbe at- 
moephcK, ami allowing 8,.‘UiO metera aa tbe height to 
which tbe atmoepberc would extent If al N.T.1\, tbb 
concentration of oxone In a vertical aectloa of the al- 
moapbere la eqnivaleut te a byer of the imre gaa of a 
thickneaa of 4.2 ceulimeten at N.T.P. On cam|«rlng 
tbb with tbe obeervarloim made on Ihc color of oxone 
In a gbra tnbe, It b aonn that light which bxa been 
tranamlttod through x byer of gxn of this Iblckncaa 
poee a m ea e dbtlnct bine color. In tbe cam> of atmos- 
pberle ozoiie at very bigh lUlludcs It b iirobabte that 
Ibe amount of oxone Incroeaea and there Is aim the |hm- 
alblllty that the blue or violet color b Inteiwlfled In this 
cose on icconnt of fluonaweiiCB by ultra-violet light 
from the auu. 

With regard to the ralnca obtained In the eatlmatlon 
of oxone at high altltuden, on account uf Incomplete 
alworptlon hy tbe reagent, tlie experimental error of the 
meamreinents would be expected to give too low a 
value. On aocnnnt ot thb and the prohelrillly of e brgo 
liKnvaao In tbe amount of oxone at xltllndM above 20 
klhimctcra, tbe remilta of tbeae mesanrementa Imllcstc 
that oeose b an iBportant factor In determining tbe 
optbsl propeittae of the staoeplMrs sad the eobr at 
riMOky. 



SCIENTinc AMERICAN Sim^lffiNT NnMSS 




Hiffh-qieed Balleta ud Dnndiins 

1 1» u fort iwto that the dUpodtion at • bnllet la 
t nlwaya m binue u lls apiteamm Iti taUure 
to live up to Ita mild loom If twpo n fl M o to • gmt ei 
tent tor the dmndam chnifM that haro bMB Ond 
back and (orth between the oppoalnc fbrcee In Aiivn 
onlr • Uttla ICM freqnentl; than Uw hufa eh e llm 
Queerly enonsb the mlldeat looklni bullat among 
Uuwe need by the Qennana and the AUlen la the one 
with the moat fleudlah tralta Thli, the ndtMr or 
PLOclljul ted modern bnllet, fired In the Oetman 
UauMtr the trench Label and to eome extent In the 
KriUeb Let huileld la ai perently ahaped to pondi holea 
1 eoldlore rlth the ml Imum of pain and annoyance to 
B Id aolUere The point looka an U they bad pnt the 
o d Bt} e blunt oee bnllet I to a pandl aharpener and 
Itly Bhane «d the point 

50 kludleerfd doea tbU aharp noae mlaalle appear 
that varluuB tb>uretl a paitlua about the oonntry at 

on cud In 1 o I ub Ic 1 In a tl at the sole reoaon tor ita 
uduiU UH to Im a I u one In ahootlng the other 
fluwBaa Ir Hla a woild allow Unhappily thla 
HXI a allun tor tie alari lol t lacka a minor virtue— 
that of b bg true Uxpurlmniti by the Oennana in 
UWS evolvnl the toct, known fifty yeare before but tor 
gotten that puttl g a very aharp point on a bullet cut 
down air realatance, aa a aharp bow on a boat enta 
down water realstance In torn, thla allowed a ligtatw 
bnllet to oTucome air ireaonre and therefore to hold 
Ita aiiccd aa noU oa a heavier bullet of the old type. In 
tom thla aUowod of higher apeeda, becauoa the bnllet 
waa light r and preaonre and kick were leoa, and the 
ligber apoeda gave flatter flight of bullet and mudi 
Increoaod danger epacee through thla flat flight So 
tame the aplteer 

Tie rn ch aid the Sarloa went the Oermana one 
U Uor ai d tapered the ater of their bnlleta aloo mak 
I g them a troe boatahape, that the olr might flow 
I ack 1 around them and not drag 

51 luotead of Bdvaidng the eauae of hnmanlty by 
a loi Ung 1 alnleaa keen cutting bnlleta, the natlona tak 
I g up the apltxer aonght nothing more merdfnl than 
I Ittlng atlll more men on the otl er aide of the orgnment 

A d woroe and more of It, the aharp point ballet de- 
elopid a wounding effect far greater than that of the 
old, long blunt now bnUat Ihe latter practically never 
did aught but whip tl rough ilaanly never tumbling or 
hpaettlat or Musaratlng or eigaatitng boMh An naw 
ballet with the canter ot gfevlky ihr heeb mod wMh (he 
point very Itflt and eaally dafleetad Juat as la the 
Croat wheel of a Ikyela, develaped an elermlng ten 
dency to turn eldewaya, or to ewap ends like a aUddlng 
antomol lie or to via on Ita baae um a wabbling top 
Any one of the three wrecked ttaeua end inflicted eerage 
wounda alL^ to the loftpirint bullat need tor game 
ahootliig end by the Brltiab tor uae on aevegai 
Colonel Booeevdt In hU African trip of 1900 was 
the flrot tmly promlneit pmonage to cell to pnbUc at 
tentlon the deoelTlng nature of e bnllK that promloed 
on the face of It, to make war more attractive He toiA 
with him to Beat Africa a aportlug model of the Oov 
or meui New Sprlnifleld end tor thla he took both the 
old, blunt noee bullet, with eoft ncae far game aiioot- 
1 g end eome of the regular Oovanimant eartrldgea 
with Iha lOO-graln apltasr bullet, luet ee leaaed to 
troops. Atler e tow waem lo and bebold he abendoiied 
the old ehtt noee ammunition end need the epUaar Oov 
arnment etuff ncInalTaly tor the good reaeoe that tt 
wee more deadly I And, eierk you more daodly then 
soft noee bnllete apeelally deelgned to expend and break 
up and Inflict horrible tounda. 

Then In 1010 htewnrt Edward White tbt noted 
I ovellet, aonght tho Beet African countiy vMag 
him the duplicate of the battery of tba famoui Ooloael, 
liielndliig eome of the eoft noee iridtype bnllete tor bla 
New SpringfleM end eome regular tpKMr IflSgreln 
bulieta fuU Jaehatod, tor Urn aame rifle. A 
Uke bla predacceeafil^ apeedlly ebenAd the beer 
lor hwgtr blunbnoer end eofbpolnt bnllete, tor the 
fnlllecmted ailtaer buUete ee need by "-ny ot the 
rivlUeed nations. On this flrat trip bt wutd over two 
hundred heed of Ug game. Be aetuallr hit US hand 
with the Hpringfleld army rifle, and be baggid m ct 
tbm an lm a l a, three of thoae wounded end eeaepiiig, 
beliig tnlmels golog to ground Uke jMfcaJa Tlnu ptae- 
Ifcally no animal bit got away woundad and tba dead 
Itneaa ot thla bullet waa proved auperloc to ew the 
VeelBlIy detegnad cepped Begllah Hg gue baOatn 
mede to I reek np end Infllot aU the p—on 

flash. 

Borne yeare ego the Buaelaa Bad OtOH 
to the BnaalBn Mlnl a t e r of War agalut tbe bol 
let tl n jnat ad ipt 4 by the Oermane and Austrlaia 
alleging that It had been provad bvond doubt that tUs 
toilet Inflicted leadleealy wrere wonnde by Its **rf*~f 
and wild flight through ttaana. WIttOBt doubt tbe 
apwd of tho buUtt aide tUa Without dguM at 
tbe longer mngee, 800 ynrde or mom when tbe buOit 


hts loat half of Its ortgliial vtad, thla affeot la net to 
be found When yon oouetder a bOUet travaUng With a 
vetedty ol doM to SAOO tset a aaennd and aglimlng at 
tbe rate of ovar SOOO revdntlMN per aeeond It Is aov 
to undMatend that if it got to ^timing wlddy on ita 
rear and instoad of truly on ito axli, the offeoto would 
be thoae a far larger end mMo eevure bullet 

Tbe term damdam, ueed gUbly by aewvaper cone- 
apondenta, le not at eU apjdloebie to tbe bullets that 
may bava been deformed or partly aewad tbrougb by 
eome mlwalded people on aUbar side. In tbe early days 
of tbe JOS bore Brltlah Lae-Uettord, among the eerUeet 
of tbe email bora^ blgb speed rlflee^ tbe Brltlah tound 
that tbs amell foil jacket bullete would not atop In 
torlatad or fenattwel Indian hlllman. Tbe bnlleta 
romped right through, ddlvaring Uttle aheric except 
whee etrlktog vital parte end the fanetla hit did not 
go dowa They mltfit die In ilxty eaecode bnt If this 
time were eno^ tor them to get to the Britlih line 
and uae their kulvea, the time wee too long So the 
llitle Brltlah Itost Indian anenal ot DomDnm was 
given tbe Job of (banging aronnd thaw 080 caUber bul 
I le to Inflict great shock and stop a charging man. 

Ibey did thla by cutting away tha Jadcat ot Qerman 
silver at the point, expoolng tba Uadaa core Tha Im 
pact on tba body of a man wonld oanaa tha lead to 
flatten out or muihroom and tha Jacket to atrip or rip 
back givliig a mlaalle with a grant shock giving powtr 
Ihla waa the father of all modwn aotb-nooe game- 
ahootlng bnlleto Tbe original dnmdnm waa ehangad 
about a bit, bring mad# hrilow nosed, tba Jaekat bring 
cat away at the point, and the core having a bole bored 
down to It lo eenaa more reedy expenalon Thla took 
lu piece to the 11 e of Brltlah eertildges bring known 
ea tha MeA IV While egreemanta among the dvUlaed 
powera forbade the uee of any bullat, altered or de* 
alg ed to produce expending r explorive ritoeta, the 
hMthen were not rairaented and It wne so modi tba 
woiie for the heethea 

These Mark IV bullete were need &o the hlllmeQ ot 
Indie for yeare—end maybe yet—end were later need 
on the darvlahea end on tbe llatebelsa ot Africa 

Bnt tbs modern vlticr at Ite sUlI hi^Mr velodtiea 
Old Ita unsteady pwtormance In ttasne glvee resnlte 
that are more frii^tfal then any dumdum Were thla 
ot true, then tbe African aportamai naver wonld have 
abandoned heavy loft-noes bnlMa for a lighter toU 


mwo It the AIHm flu MM OS damdam bidlato fW 

would vary prabeUj turn to mlHllae more merdfui end 
teas destmctlva riiea tbe portoctly dvUtoed end eu 
tborloed eberp point mlaellaa. 

It la true that the aplteer bullet doee not always go 
thioagh tbe seme peeformanee Ponttlaw thla la due 
to tbe range. Oame Is killed nndar BOO yards moat of 
it under 800 Whet tba bullat mlgbt de at this range 
It mlglit not do at eU at 800 yards or farther Bo to 
drew a peraUri betweeu our vne shooting aotparieiies 
and war we mnat alao eouldsr tbe niwiu uMd Ibda 
la not to eey that tbe greater numbar o( mao hit are 
at hit at pncttoelly |affl»ehoetlng rengin but It U to 
explain why men may sufliec eevaae wonndn or merriy 
lean poneturea from the self seme daas of bnlleta. 

NntkulSUEdfltd Hose CoopBiis sad VMiags 
for PflbBe Fire Scrvfee* 

The moveuMnt tor tbe adoption of atandard fliudwae 
ooupIliigadatHtooni tha great BostoolliecC 1878 udnoh 
obowed the impoaribOity of the Are depertmwita ot ed 
jeoenl towns acthig la unaao iHiea provldad wttb the 
dhreesa iliaa ot boas fltttoga then premlliag 

Tbs mutter wm tebao up at the first eoavunUnt of 

sanre o tleiia in susoesdlBC yaaia Tbs naolatioai 
gipduaUy beeanM men definite oMmugh HUle wee 
aceomplUisd toward braginc about the dariiad ahHwaa 
imfl& the tffUelm neeto ed n new Ibitribne toeii the 
Beltunora fire In 1004 vrimn naithac tbe Wuririiwtan 
Philedalpbin. nor Ksw Teak firs etwmn on tUr nirtTul 
eould aeka aeBnee t liwi with tbe loaui fin hydoate. 

ThmeeBdflioaledtbeManbBntiAUIiunTMiMEon 

teihon OoMiNiiy In A jtfl, 1904 to reuueat th e aeayer y 

the sobjaet of fliuhoea eoupUnca Tim w e t aay lU- 
tooed the natter to tbs Buaw of Stanilafde arid tat 
tbe uvesUgfitlon wbieh toBoriud, It wne tound tint tiM 
was a gteto dtvemtr in ataas and tteeade oi mmaltagt 
tbroaghaut Of Unitad Staten It wag oHdlnb OaA 
eeuddenUa eupanss would be nvotred to totoWlhto 
toon one alwdnd to gwthir end flS Ai 

oepfannaeartto niwiinltt iaaatflm M elldhilffcaftto 
teetliniMoetotlongad. dn a ilin aWuteg W^ Mte to w 
tba. bald to Now Tsdi our. ifsB Mb, WB^Atougri 
of Madordo o ni nti d Itod oUw tho ttnnd mM 
uitoMnly and or tbto 4nnd wbUi ppopitood^ 


that 7H thnadi per ip4 bo no o wm ito M M 
a)«4aah flaetom eoopflap TM thgiod wao bto a*, 
flitdod 00 noBamnoUj an Mail atmadoad, but «M ooto 

aldarod aa a pnetmebb boris tor nflidoation uadw Wto 

At the annual ao n vanthm of tboIntBBWtlooolAoaoito 
tun of riio ■agfamart at Dnlutb la HWfl ttb otondar d 
was adopted after lenrtbff diseusaion and at SoBas to 
IBOe tba eonventiw fealWmmd Am oetlon tahn n» 
Dutaitb and nado ita laeord eoiniiloto by odsptlsff tba 
imbonol atandard apeeHloaMoni oonitog ooo pHu p at 
SandSHtnabaoinaidediaamter aaoh to bnvu 6 Onadi 
to tho Ineh and n d^finsh ooupUag Imviiw 4 ttauado 
to tholnab 

Btoeo then a doiaa lafflo oupanlantlouo ban fldbbtod 
the national atandard Tba raport of Iha oonnlttao 
ot the Amerlnn Boeloty of Moehoaloril Iwltoaan, 
adopted Daeember 3d. UlS tmte Ua paeoant otatos 
in a very dear and eomptebadn nanaflr witb our 
gastMma tor eonverting wm etendaid aeupitafla for ito* 
vionUe tnterobange witb the atoadtid Up 

to 1814 the mtional standard bml boon put into ■nrtao 
in 287 towns and rittes rithar aa now e qai pma n t or by 
adaptation of non-standard oonpUngi to intaiehaage 
with the standard 
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Pathology of Mental Disorders—I’ 

Modem Aspects of Certain ProUeins 


By Edwin Goodall. M D.. Load.. B.S.. F.R.C P.. Land. 


IVhiln 1 WM iuiuuriid wllb ul UtvlUtloii tu dellTcr 
tlKsi, Iwtumi lM>rurt) tlui cull«>i[e 1 deimed It a dutjr to 
uiaki It < l)iir Umt It would oot, lu my Judtfioint be poa 
Mbit lui Hiiy out. whoHe work lay lu tbe damalu u( 
PHyiblutij tu briuji bcton. you at Uie preaeut time an 
arni> uf aubaUntlul iisulta based upuu wlHiitlllL 
muKh auLh aa would fui a muuiiut cuupara wllb Uu. 
DHultN u\allable for a (ituciul patbologUt a baLterl 
oinglit or a wuiktc lu tlu. (p-iu-ral dmualii of patb 
uluKlLal cbemlatry Tbla diMBblllly la doubtlcaa lecos 
ulKsl by ttauae whom 1 ba\e tbe bouur lu addrae 
lirlitt} It depiuds dnitly upou tbe luliereul dllHi ullka 
1 till prubkma of tbe pulbology uf mtubil dbiordeix 
and Msuudly upon the tleplorablo aiiiaratlou of paytbl 
Hiiv from tbe olber brauihea uf misUcloi bi tbla louii 
liy more aH|Ns.lully a aiparatlon wblib 1 am glad tu 
bilkve bi ULarlug lu tarmluallou lu vUw of tbe lum 
larallve pauilty uf faiU available for Uu imrpuMst of 
my theme It la iieceaeaiy that my rauge abould bt Hum< 
wbut wbb and 1 Nball have biuadly apeaklug to ibsil 
Hllb Ib4 nnultN uf iMlhuli glial and baiteilulugUal re- 
HLBiib wlthpiublems uf niilubullsm wllb ibLiakal aud 
at.rulogluU ulMervallmiH and with u^italu IberapauU 
mpaaiimt baaed Upon obeervatluna lu clluli al pathology 
iioBUD uiaruLuoY IN naNiaL uiacaaB 
Alnady JO yiara ago lUsaatbifbLtlou with tbe reaulU 
Ilf bbduioglisil reaean-h waa ixpnaned and tbe adviut 
uf thu worker In tbi Held of blniheinlstiy waa dealred 
IhL lilatoluglial uurk of tbuae wbo had gone bifure 
waa levoguUed us ludlaiaNuiable, while wc woia uut an 
fcaillali aa to believe that It waa (jornplcti. U waa uever 
thileaa felt that tbe knowledge we pueaeaMed uf tbi 
morbid blatolagy of tbe brain Ui inuital dlaeaae waa uut 
raian aud that tbe time bad urrivid when fullimlug Uu 
raUunal cuurae we ahonld aeanh fur tbe patbulugtuil 
factora which had aipreaatsl Uumaelvea lu thi mndea 
with which we were lamlUur Ihere luualued and 
tbere atUI remaliu the problem aa to the degree of re 
Npooalblllty of the bbituluglcal lialiiia for aome of the 
aymptuma pertiaiai (haracterlaUc ajmptuma of Ibli or 
that kluil of biaauUy by virtue of epecltli localliuUim uf 
lealonu lu apeOlb kinda of Inaanlty 
At tbe preeeut Ume we have to record that there are 
In moat laaea of mental dlaeaso uuibaracterlatlc bmlii 
ibangia but, largely owing to tbe powerful Impctua 
klveu to hlatologlcal naoarch by tbe work of Alahcbner 
aud Msal aud their pupUa iharacterlatlc brain ibaugea 
have bciu Hbuwu lu niuital dlaeaao aaaucUted witb 
NjpliUbi lu the prugrtiislve dementia which aeiompaiilea 
aume imhch of artcrlu-iK leroala and In aralle dementia 
On tbi other band the blatoloalcal ludima found lu the 
full) wliih cltnlial klnda of Inaanlty are not character 
latte the klnda grouped under tbe term detnentlB 
pniua tlie aliotaollc iDHanltlca aossilled manic diprea 
Nile Inaanlty aiute dellrloua mania Inaanlty wllb 
I pllepa} tbuugb it be granted that In tbe but mi ntbnied 
luatams) a dlffuae lerebral (.Henla hi fulind In canes 
djbii, frmti bitereumiit dlaeaae after yean of tbe 
malady ibire U no ividenee of characteriatlc locall 
aatlou of tlie lealona found In the brain lu tbe paycbunen 
either aa regarda tbe brain aa a whole or aa regarda 
layira uf the cortex, eetebrl or conatUueuta of the twr 
tec iiiilciw tbe Involvement of the menodermal dementi 
In tbe payehtneB primarily doe to ayphiUa or aaMk fated 
with tiypanaaomlaala are ao coaldered 

TUB oaiuNTia Fbccnx oioor or oaaaa 
I am oot 1 think JuatUled In detaining you with 
abaervatluna upon morbid Uatology In mental diaeaaea 
furtber than la neceaaitated by a reference to the per 
tliular cssoB of raapectlvcly tbe dementia prmcox group 
and demenUa paralytica In studying tbe pathological 
aiMhmy of the usea nowadays grouped under tbe name 
■dementia pneeox we are fbced with the dUBenlty that 
death neldum occurs In an eariy stage of tbe disease 
aud when It does It bi due to intercucrent niaiaiH«a 
enpei billy tuberculiada whlcb may tbemndvea be par 
tltlly nspMuilble for tbe morbid appearances The dis 
ease la not due to lethal cauaee Incidentally the same 
la true of other psychoses soch aa tbs srstematlasd 
deluripnijl disorders and even manbHlqmadTe inaan 
lly as a mil Zingerla* rightly pointt out that cm 
mnst further diacount appearanraa whldi may wel he 
referable to mere congenltsl defect of derelopBent 
rheie balBt no iharactnlaUa anatom teal plotata tor 
• Abstracts frsm a leetors dsUvtnd bstois tbs Boyal Oel 
I n r PhyaicUss et UinOos 
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Ibe disorder as a wbolsi Us gabdlrtslMi, cUakally, into 
tbiec groups ubtabia of cmuM no support from the 
HlaudpuUit uf patbologlcal anatomy Tbe pobits tu be 
iiutud fur verlhcatluo from tbe obeervatluos made up to 
the present era that, at any rate ter tbe variety men 
Uimed tbe leelona—of tbe Individual ele n iwi t e wblob 
are lu no way peculiar, but ate tboae found lu mauy 
ai uta gud recant mental dlaordera (degenerative ooodl 
tious aa riiowa by modam methods bi nerve aud gUa 
c-illsj an teond throughout tbe brain, tha cerebellum 
and the basal gantfU, that they are especially pro 
II luiicod lu Uis ^eper layora of the cortsx cerebri, 
that they uoncem the ectodormal ebsneots (degeiiera 
tluu) eupedally and the msMidermal to a muib Isae 
extent (absence of Inflammation) Bhonld these obsar 
latluos be conflnned they woobl afford a msaus of dW 
tlugnlehlug anatomically betweeu tbie clinical variety 
Ilf dMumitU ptmcox and such lUssaaes aa dementia para 
lytku lusunlty due to lues esrebri, tu arterlusclercsis 
uiul to ihroolc slcoholbuu In which vsscular and part 
luaculsr changes are marked U couflrmed they would 
IH bit to tbe uuuclusbm that mabulloi whbh art amisl 
alcd with laslona ao dlverae must be nnllka lu patbo 

OaUUITU PABAlinCA. 

In regard to tbe morbid auatumy of dementia pan 
l)lha It Is admitted that while imim uf tbs mat nssuplc 
ir luliiuscoplc lesions Is psthognomuolc, these lugethsr 
term s whole which Is chsncteilsUc Tu tbe naked 
c}i the cutublnaUon of tbe tndicatiuoa of hmg etandlug 
leiKo meningitis especially pronounced ever the fronto- 
psi letal area at cortical enaluus at wastlug of the pre¬ 
frontal gyri and granularity of tbe ependyma of tha 
M utricles Is characteristic Histohiglcally the dUrnsu 
nature of the luflitntlou by products of luHammatlim 
of the vassal vralls traceable tbrougbout the vemels 
biiludbig tbe flnast the tOKkney of the IhUltntluu to 
keep to tbe vessel wells sial perivascnlar area thu 
auisrabandsnie at plasma ceils these are iharactor 
talk Home might Uabn that the mnlUpIkity the 
giuilty aud the widespread dhOrlbutlou of all the 
Iraluiw tbiuugbout the nervous system sre chametn 
iNtIc 

litiont in Demantia Panlytiea and Cerabtti Luti 

One has selected the truutal gyri almost as matter 
11 lourse aa tbe moat likely ones bi which tu flul the 
Hplroiiuria pallida and recent writers appear tu And 
Mie organfaon with less dlfflcnlty In them tlisn else¬ 
where Having regard to tbe tect that the morbid 
histology of the brain in dementia paralytica, and bi 
diffuse cpiebral lues 1 think 1 may also say, was—If wc 
I \ Niri. plasma cells and rod cells—well known to laith 
uluglsts lu IHti It Is somewbat inrpilalug to mi that I 
isiiuol mnember that anyone then pointed uut Ihr iliU 
lulty of dlffercnUatlng betnreu these two iisMlItluiw hi 
lilatologtcal examlDaUoo Hu failure to rciogniri or 
at any rati to lay atress upon tin* resemUaun. betwiNsi 
these two blstidogkal pictures 1 aarrlbe tu tbe sbaeiK-e 
uf ro-ordluatlun between workers lu psyibbitry and 
iicurulogy aud to tbe fact that tbe Importance of aypbllls 
In tbe pattKigenesla of demeutla peralydra was not then 
rreogolaed It was not 1 think nntU by paUent cllnl 
cal obserratlaQ and biqalry Into the Ustoites of casee 
evldenot of syphilis was found bi a large pruportlon 
that Burh evidMice was sought for by the methods of 
morbid histology and no doubt Interest In this Inquiry 
waa further prometsd by tbs results obtained by tha 
ai^ c stlon of the method of oomplMMabderUtlcn to 
the uemm and oerebro spinal Hold of general parnlydes 

Wrfliiaalei* (1911 and IMd) described sU eases la 
which syphilitic lesions—such as mcBliiiltls and 
mlUury gumaata -NMtxMed with changH typical at 
dementia paialytica 1 cite the above work as ImUcat 
lug how, In reoant tbaea and In the light of better 
knowledge of the patboiogy at demantla paralytica, a 
ikMi reUtkmahtp haa been teiad batwaan the tatoaa 
of dlirnae cerebral lacs and cf so-calM metoeyphlHtin 
disease «f tha brain Tha Importaner of the plaaBM 
crllc In the latter haa baen exaggsittod I have alnady 
alluded to the actMordlaary abaadance at tbaaa tla> 
meats In tbe brain of the gsaerml ptrmlytli^ and tlria 
appsen to be a dmnMflsrMto of dstoa PtH pualyOak, 
I believe also of deapliit sMoidto. Bat th«r ate net 
peculiar to any igaolal AIsAm, they haft haan da* 
scribed In aerabnl tarn, la aoMpedde toinrmhalHk, 
and In non-spMlflc ted ac inaMinuitloa In tha esniltai 

19 , 


nervons system “ Ihey appMr to oonatUid* g tooda ad 
teaetkm to diffeioia toxic agauts. 

Jk laNoni 0/ilMseafio i^aroiifMoa and Osrctmf dMMMs 
Ibe demunsintlim of Urn exlsteiiea In outnta easaa 
of dlffose cerebral law and de me ntia pazalytloa qC tha 
same cerebral lasknia and tbe ilemoeatwUaa at “it**** 
hlstolegloal tcalomi llliMtntlng bath eonUUma^ bl tea 
seme brain, leads to the angfearion that ■>*«—»tta phfa- 
lytlaa to nwrsly an nnoanally tote wanlteatathm of 
ayphllto of the bnla The nnmbec cf ayphSttoa toho 
develop tarttory Icsioiia In the brain to mra, aeeofdlBd 
to Henacban,* of 7M only 17 80 par cent do ad na 
unmber developlug dementia paralytica to sUIl ram, 
stattodea ptoca the Incldenoi at 44 per tent Am to 
deveiepmant of dementia peralytlot In eaew of eanbra. 
spinel Inee, hCaUanscbek and PUca* found tbnt «f 116 
caaea of tha totter eondltton mily 2 got the temar 
able ubaarvatlon to paittoatorly Intanatlag It to to 
keeping with the clinical, anatomtcal, and htotoiogtcal 
evidence tnmtohed by typical caeea of deaunUa pan 
lytlca which demarcatae the nindltloB from oarebral 
lues To thto has to be added tba evldenoa fumtohed 

disorden which have baan made to qnlto recant tlmas 
which, althoogh doubUaaa In need of oonflrmattoai and 
ampl Uk a t lon go to show that to deauntto paralytloa 
tbire are wall marked dtotnihaneea which an net loand 
bl lues uerebil, lu that aoms addltkmal factor would ap- 
isar to be opentlva In tha former case Naveribalam, 
atypkal caaea of demenda paralyOea are not taw, and 
to theae U diiae not eeem pumlbla, whether by filnlcal, 
surologkaJ nuatunlcal, or htatoiogical maaiiB, to dlt 
fennttota tho condition from dlffnae cerebral luea ^ 
yanro/atJUc InAerUanoa in Oaiutal Paraloaia ,1 
Ihoaa of ui wbo hava caadied a eartala age aflb 
nuall that aa atodeiito we ware taa^ that thto dtoaaae 
ocenrted in penoos In wbam aa a rale no 
toherltnncc could be found Not only had thrir own 
Uiee been usually axemptoiy, with tha poaalble axoq^ 
ttou of topsea to k remote youth, bat they oama tram a 
suuDd stock Naeefce,' however, to nnmarooa pubikm 
Uous baaed npen moat psiMiuiHiiy gjyi proloognl In 
vcsdgadaoa, haa abown tint baradttary pradtopoaldnu 
to nervous dtocasa to vary coualdeiBble la demmitto 
imnlytlca, scarcely lesa ao than In other ktods of to 
saully and Umt sack oeitatoly eitota to 00 par cant 
of lasea Bchfoader* ttmla nauropathlo iBtMHtsiw*v bimi 
11 Ideuce of nanropatbic itiniMitn>n In tba pattont Urn 
sHt to 778 per cent of oaaaa. Tba abBarrallmi of 
Hibroeder aa to evidsnee fonUbed by tho pattont him 
self points to the Importanca at saahtog ter evtdance 
of defective development ns tetatobed by a atndy of the 
■sMolled adgnato of dagenmUon, to the adult to 
saiN In a paper paUtobed to ISBGs 1 dwait npoa this 
Muhjeit and aabmlttod tbe stbsma of «T.min.H~i i ||m| 
IsNNi foUowlaf, bat In canying out miob Inquiry wa an 
UHI with the dlfflcnlty of obtaining oontrol lU nfryitoeif 
iiiKSi uurmal Indlvldaato at the aeam aga^Hrioda, aoetol 
iisss and district as the pattoati Such omitrata would 
require to be carried out with the aa wall a the 
Uvlog eabjeet, for there are of oonraa anomaltoa at 
fotmadua at intenial aa waU aa of axtemal otgum 
(Internal and axtomal atlgmata) Dm above ata no 
Ufcht bladraneea. Obawara are eiseedtoglj flnr who 
have gnivied with this dlfflcnlty, praantoaot asong 
them to Nasoka Ha taaarto that agtaniql and totanal 
stigmaU era mere fraqaent, grava, and wMaapenad to 
general pamlyUoB thaa In nnemsi paolaaa, ha wtidQ 
that to the term, to lo fu m tfea^lmto to neatehMiI. 
mkangyito, andatetaed froiiW oenvntatiate (aapa- 
ctoHy). and tha raaar vaitottou or sfusesiy fg t^a 


p theautoMteto par* 
aona, Tha general patelydoto bmla W sip^^g^ide. 
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ilWiinit br. Urn • omknl oortn wfaloli 1 b nrlotu de- 
,UUb U iMMltm* (ambiTaiial lajcr-tMiiiatloa. Impcr- 
. ftet>cil% taoBWHM oC tba aMdulUtad subiitBiice, ata). 
IlmPHMTCfbopitUo tolierltuie* In ilraiaiitla pniaijrtica 
|». Ngaidad Jnnliii and Aradt" at tha neat moat Bn- 
. pottant factor to ajpUlU 

OoMfOrtfon of Sloajrino Sldmati and Oencral PorOytif. 

T&a tact that aypliUlf pcecadad ■enatal paraljaBi 
haring boon aataNlatiad, It waa highly Miggaatlve when 
atteoUou «W drawn to the tact that aleatAng iIckiiciM 
—a ooodlBtli haring a remarkable clinical and patho- 
li«lcal Hkimm to general paralyilo—followed u|ain 
IrypanaiticalaBla, a dlanuo with p^U of renuibUuKe 
to ayphlUa, aa la wall bronght oat by Browning aial 
llcitenata.'* According to Dehaudlnn tbo aplrochaita 
pa fll^ atanda near tha trypanoMWM In tbo pratoaoal 
grootk U b to be noted that ttypanoaomloab doea not 
land lo t''Tir'~g alcimaaa In all coaua by any luoanH; 1 
do not know in what proportion tlie aequemw oct-un, 
but tbo point b oC Intereat by analogy with the parallel 
dnoBBtance In regard to lyphtlb and dementia para- 
lyttML The onrablllty of trypanoaouie lerer and of 
aypbllb cnottaab with the Iticamblllty, at preeeiit, of 
Uatginf akkneea (the dementia of trypaiKMomUub) 
and daMMtla paralytica. 

In morkad oontradUtlncUon to the Infretiuency wltli 
which tha tr^Moema b atUI fonud in dementia inrH- 
lytka b tha treqnenvy with which the trypanoiMmie wan 
toond Iqr Vlx In ahwpbig irtckiivea (On oat of TO cOHca, 
In the blood or oerebtoaidual fluid). Auotbcr diatlur 
tion b that tbo mvcllrlly of the fnmtal lobea to luffer In 
the former dbeooe b not noticeable In the latter. The 
trypanaacmlaab recently deacrihed aa fr«iaent In 
Braall, otharwlae known an Ohagaa' dl eoM!, und dan 
to the T. Omit (which la found In all cegloiw of tlic 
brain In caaee wbb;b run a chronic courae and iMHwne 
demented) appeern llkowlwi to nwnlt aometlmeK In a 
eondltlau reoembllng deuonUa paralytica. 

getdOMO 0/ Tooic Proceu ta Demcotlo Paralylli-a. 

Uaaea of pellagn are <in tccoM” In which the pay- 
chleal aymptoma and neurological idgua (relloxea, pupil¬ 
lary condlUoa, apeecb) have reaemliled thoae of de¬ 
mentia paralytica, bnt the morbid anatomy of the brabi 
wu nut Inquired Into. But before the evidence of anto- 
cedent aypldtta wa* avaUalfle, and loiig before the poUiti 
of reaemblance between aleeping aickueaa and dementia 
paralytica wore known, the cilnUaU and patbohiglcal 
evidence of the toxic nature of the morbid ptaueoa In 
dementbi paralytica waa recognlaed aa atrong. HVom 
the dlnlcal etandpolut there are the exacerbatlona end 
remlaeloua, very suggeative of recmdeacence and 
qnbacence of a toxic proceas; the varUtlona of tempeta- 
tore, of unknown cauaatlmi, and only found when the 
tenpemture la taken aevcral tlmce dally over long 
period!; and tlw aeburro. The latter arc comparable 
to thoae obaerved In urwmbi and ecUmpala. TlM>r« 
la tbo polynnaloCHla of ^ blond In couuectluu with ex- 
acerbatlono, and aome would odd that nf the cereliro- 
ajdnol fluid. Aa regarb morlild blatulogy, the well- 
known changea In the walla of tlie crrebru-apinal v«a- 
Mtla. In the porivoacular and IntrratlUal tbwuea of tbe 
cmtral norvona ayxtein, are ooggtwtlve of a toxic 
pruTHO. But tlieae changea. Inclndlng luHItratlon of 
tliew tlmaea with lyraphneytea and ploama cello, ate 
not limited to the iiemaia ayateni. 

Hpim-Met M Ike Bretii Oortea in Dommtio Porolytieo. 

Our knowledge may be aiimmarlaeil thua In regard 
to the demunatrotlon In aectlona and flima of the brain 


cortex. 

Nogucbl’k aUtbtlce,'' oa pnMiahed up to July. lUi:i, 
dealt with aOO caaea: the urgaobma were found In 
nearly sn per cent In aectlona. Marlnaica and MlDea" 
tound them, (apparently In aectlona) In 1 caae out of 
aa-ewarly 4 per cent; ImradlU, lUrb, Bankaweld,- In 
eectloM, In 5 out oC 82-10 per emit. By the frean 
aim mettod of I^tana-TribondMiu (aUver Impregna- 
tbn, after Itaipg and mordanti4)i Loeflbr’a freih 
aaethod, dhd dark-graand lUnmlnatiaa thry found tho 
atganbm in S out of 8 caaea—flSJi per cent It b to 
ho noted that tbe loat-mentloned authoca obtained theae 
^itbCMtery icOolte in caeae which died In from 1 to 14 
wfMi thi gfier tha dtagneab of the malady—that b. In 
rapUly nr«i—lug caaea; tartbennore, 8 of tbe B died 
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duratioo. In the caae llgurad by Ublenhuth and Mel- 
aer. In tbalr ~AUaa of IDiperlmentel Hypbllb In Uab- 
blta,'* a aypbUoiua waa produced in the teatlcle by In¬ 
oculation of brain material from a particularly early 
caoe of general paralyeb. Bcbolberg aial Uuodall ex¬ 
amined flbaa prepared from tbe cortex of the frontal 
lobe on the morning upon which death la.i-urred In li 
ctaee, all of them oxamplea of long atandlug dbeaae 
(dementia paralytica), the dark-gronnd, ludbii Ink, aial 
routeua-Trlhuiidcau methuda being need. In none wore 
uuduuhted eplruchiptea fonud, although diiubtfiil lii- 
itaucea occurred In two of tbe caaea. Knmi the furt- 
giihig It appean that atetementa otlll vary coualder- 
ably oa to the frequency with which the aplrucba-te baa 
been demonitratnl In the cortex cerebri In demciitla 
paralytica. 

Vkongei in the nerrunt ayetcm at a rvtuH iif rirprri- 
monlal teuoatettoa tcitk malcrtai roatatabg apirucha’to 
poitMa.—Althongh many more biveatlgaUuna are re¬ 
quired, wltb parallel ubaervatiuua uikhi other thunim, 

It b obvloua fnan them recorded by Jakob and Wey- 
gandt* and a few otbera that tha entire nerroua ayalciu 
b Invcdvcd hi changea of an Infltunniatury nature In eun- 
aequence of Inoculation of tho aiilruchiete; the morbid 
proceaa Involving iirimarily theiniemliranee and lUuod- 
vea ael a, with prodnetion ut intUnmatory fuel, augges- 
tire of gnnunata, of atinudaiiee of lyinphocyteq plaama- 
Biid rod-celb, with gllapmllfentlun, and the like run- 
dltlona, auch aa we are famllbr «-|th In aeetloiiH of the 
general paralytte'a brain. 

liipktheroU Organt. 

There ate ba<-terte found In the tbauea of general 
imralytIcH which It la eaay to diamlae a mutely capable 
of Inducing aei-ondary inflammation, hnt t do not think 
we aa yet are aufflcioutly acquainted with them to aa- 
aert aa much aa thia. While unable to follow Ford 
Itubertauii hi lib vtewa aa to tha cauoatlve rOlo In dc- 
mentb panlythw of certain ‘’dtphtherold" organbma 
deacrilaHl by Urn, 1 think It deolraMc that hb rcaulta 
ahould be borne hi mbid, anil not unlikely that the 
record of reoulta obtahml by the atwly of other bacteria 
will accrue to be eullah-d with bb. Tbo dlpliterold 
urgaulama deacrihed hy Ford ItobertHon" have lieeii 
aliowii by him In large iiumhera, ami naaoebted wIlli 
Inflammatory changea of the iwria involved. Invading 
tbe walla of the reaplratory (Including the imauiiluiryii- 
geal), alimentary, and geulto-urinary tracta, In the fuel 
nf catarrhal pneumonia which occur In caaea dying In 
“coligeatlvc” iwhiarea, hi the walla of the cerrtiral \ea- 
aeb. In the perineural aheath of the trlgcmlniia. In the 
pla-aracbnold. In tbe Mood, and the ccntrltugallxed dc- 
|Mwlt of the nerebro-aplnal fluid, hi the nrliic—hi all 
theae flulda eapecially after Hebnira*. They Invade the 
lymiihath-a of tho partn Involved. Tbi mucuHu of tiv 
tracta Involved and the aiibjaceot tbauea preaciit evi¬ 
dence of clircmlc Inflammatlou. The Imcllll have ba-n 
cultivated from the blood, urine, aud cerehro-Hpliuil 
fluid. Itata and a goat Ima-ulatml wltb IlHnu fnioi u 
caae of general poralyab dcreliqaal imrcllc aymptiaoa, 
and bbtoluglcally lealoua chawly rcarmlillug tliiau* of 
early general paralyab wore fiamd. 

At tbla point I would refer to an liitercetlog ahili-- 
ment of OcrIettI," to tbe elTect that In connection with 
“clmurro" (glaudera) In doga, montha after na-vvery 
from tlie catarrhal infection, ii dqmented atate aluwly 
Huperrenea, with ultimate cachexia iiml ileatli. It up- 
peara that aomo veterinary aurgimna regard tlib wmmII 
tivu aa the aame aa dementia paralytlcu. In It Ucrlittl 
haa found a chronic eiicephalltto with illiruiie lympho¬ 
cytic and plaama-cell Inflllratloii; aud the cortical 
leoloiiH he comridera like thaw- of dementia iwrnlyticn. 

Tke QuettUin of hurt Nctwta. 

Since the damonatratluu of tlie aplrochtclo In the 
brain of general paralytica atteuthm haa been mainly 
fociuaed upon a particular proldem In tbe pathology of 
the dlaeaae—namely, ite relatlotia to aypbllb. The rarity 
of tbe dlieeae In ayphltltico, tlm mild nature of the 
antecedent ayphUla in general iwralytlca, tho cUnlcal 
end patboloH^ pecullerltlea of general peralyab, the 
dllBculUee aurnnmdliig the detection and culture of tbe 
HidradiMte In gmieral paralyaia, tbe lUltlvulty of iiiocn- 
letlug anlmala with thla organiam aa cianparrd with 
the organiam of ordinary aypUlla. tlieae awl tbo like 
ooiMlderatlima have prompted the auggcailoii ut a apiro- 
chmto with apeclal afllnlty for the uervuna ayatem, the 
poaalblllty. In other w<wda, of e lac< aerrua. Tbe aull 
b often not e normal one, tbera Mug, aa baa been 
aald above, aridenca of neuropathic Inheritance In ii 
cooelderable propoctiOD of general paralytica. 

(IW bo oonftewed.) 
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Electrical Engineering and Race Progresi 

To wnxT extent Iiuh Uw xcietK-e of the electrical 
engineer uontnliulcd In Iniinun develupmcnl by im¬ 
proving human prugn iw and cflii-iency? 

Till' uiiaaer to IIiih rmn-iiialiiig ipicHtion may lie found 
in tile M-ry ihungliirnl iimiigiiral aildreM whieh Dr. 
A. II. Hailing gavu ru-eiiijj uh i-luiirniuii of the liirming- 
hom Ua-al Section of tliu liialilnlnm of Klectrieal Kn- 
ginecra. Ah ih puinti'd out in Ihu aildn-tw, elMilrical 
ongiiuvnng w a power working for the lonin of tuvi- 
liwtion if It emiblua no lu maku iH'ltcr uHo of multvr, 
either by incroaeiiig tliu niinilH-r of vonulieti of matter 
or by producing them mure clii-aply, or liy making Ih'IIit 
uae of their pro|H>rlii'H-, if il. i-nalilcH ua to make In-tU-r 
UHO of tlie available i-iiergies, if it iiiereuwa tliu H|iiu'e llmt 
can lie inhabited and imulc iwe of b^ men; it it im-rcoM-n 
the phyneol or iiii-ntui ihiwit uml i-nieieiu-y ut each in¬ 
dividual. Truly, tbe mtluuuee of cleclni.-al cuginoenng 
in all UiiMO divurMi directions bus Ihvii, uiiiI sldl w, 
liumiinHU, and a Ireutisu i-oiild Ihi writleii on eoi-h. Dr. 
Hading coutonU LiniHclf with u fi-w woll-i-liuiiuD ex¬ 
ample. Firat, wo Hco liuw idi-ally natural energy can 
lie hamoaiied, on is tho ctwo with water and wind power - 
to give ultxilriu energy ut an efflcieni'y of 91) iier cent on u 
oonuuutuial scale. Then there is the i|ueHtioo of efficient 
transmission of gcncratid energy, wiiich eon bn cBecteil 
so well that power lines of 51) to 11)1) miles in lougth, 
with 85 to 90 per eeut effleieney, are in ordinary uso, and 
tins eould Isi inisbisl still liiglicr if fnni energy be<-aniu 
so scarce lliat u liqfhiT napilal uulbiy tor llie tnuisnussion 
line were odviNalile. Tho only ulu-rualive, Inuismiiuiiin 
hy radialiiiii, winlu pniclieublu and earned out fur 
Hindi aiuouiits of ■'iieigy, is yet impraeliealile tor large 
quauUlUM, for I lie same n'oisiii Ibnl light raiinot lie 
Inumfonned eoiiveliieuUy iiilo elis-trieiil energy, i. o., 
becausu im eflluieiit mis-Iiuinsm of Iraiisfornialion has 
nut yet houu dlscuterid. Here is opened up lui «x- 
velleut potential Held for rewnrcli. 

Having shown how unuikiiid cun Iwneht from the 
ready generation and Ininsiiiissiou of elcolncily, Dr. 
Hailing next discusses some of its ajijilieulious aud 
Uieir merits. Here we are on fumiliur ground diBcussiug 
what uleclrie liglitiiig has done for the world, Ikiw "H 
makes iis work iiiore enU-itully, oliviules hi o i-crlalB 
extuiil Uie differi'iices bolWH-n Uiu seasons in countnea 
of liigh lalitudcs, and pniloiigs m general Ihe tiuiu of 
work and life undur suitable samtory conditions;” also 
tho advantages ut eieelriu heating, "ef whieh wu ore 
unly at the Uiginiiiug.” 

Besides lliiw. things eUsdriitity has given ns a new 
metal in alimiiiiiuiu: il lius idlowed us to pruiluce lugli- 
closs sUsil ill a new way; to produce new suhiloueia 
uf gn«t value U> the world, e. g., eurliuruudum und eol- 
riuui carbide, ts'siilen hiiMiig rciolutioiiii'isl the scieacu 
of extroetillg miittls fniiii Ihe ores. Khs'lniml liH'omo- 
lieu IB another ineuiis whereliy Imiiinii progress has Men 
ailvaucod. It has iiiereiisisl the spoie whieh can be 
inhabited and miule use of by iiiiiiikiiid (liteii udeflmUi 
number of human Is'ings, an iiien'us. d rapidity ol Uioo- 
motioii has llio ilTiTt of ilis-n-asmg distuiiceii, tlieroby 
mcreo-siiig the radius uf aelioii for ctery human being. 
Hilt ehstrii-ily douB mere. Smei- it uIIuwb us ihiu- 
veiueiitly lo tnuififurm iiMiilivble energy, It is a gn-ai 
isiuuli»'r. Il iilluwB us Ui pnahice lower teiiiperalun-s 
111 but I'liiiutles and lo iinslui'i' lieul in euld ureas; it 



and nviiti-r BwaiiipB. Aetivily of tins kind is going 
on all over the world- m India .iiid on the I'aiiaiiiatlaiuil. 
Il n-sults eM-rywIiero in Is'ller liMiig euuililioiis, mid iii- 
cn-aiivs Uiu urea llml > uii Ihi mliabileU by iiuiii. 

Finally, Dr. Ilailmg reiniiids us of Ike upplicalions 
ut clis!tncal ungiiiconng in Hie dire»-Uou ef the diagnosis 
and eure of eertain diseom's. Tlieri' is Ihe golvaiiu- 
i-austie, apparatus tor tlie local uppliculieii of heat; tbo 
Hbntgcn appuraius and its ally nuliuui, wlueli witli tlieir 
liumbardment of cotiiusi'les allow us to see and reach 
internal tusuna wilhuul using the knife. 

Eleclrieol engiuis'riiig in tlius nmslering mailer is 
trying to probe into tliu moi-liaiuBui of living organism 
and problems wbii-h eoneern man's iMidy and mind. 
These endeavurs, in every msiilt tlial they Imviiui'iiieviHl, 
and in every one timl they will unravel, mean mureuse 
m the effioieiiey of the individual -the siipn mo nmisien 
of electni-al engineering. - The Uondon itaily TtUyraph. 

A Curious Property of Silcuinm 

A.x liiterostlug experiment wKh si-leiiluni wus rc- 
iMiUy descrlbeil to iho I'liysical Sucicty, lu Isiudon, by 
Mr. A. A. Oompls'll .Swlulun. If selenium be mouuleil 
on u cuiipur pliitu and placed In a glass cell cuiitslnliig 
an eloctrolylo—lap wnlcr by preference wltb carbuii 
ur copper aa the sis-und elcctrcslc, the selculnm proves 
electro-iwaltlve In ihc dark, but liccunice elcclru-nega- 
tlve ui carbon or cupper liuiuedlaloly It la lllumbiated. 
Illumliiation la effected by an electric projecting Ian- 
tarn, a hole being pierced ilirough tbe carbon or coiqicr 
plate to allow the light lu fall on Uie scleiilam. 
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Mg. 1.—Hairntfaig hemp on nn IndUna form. 


Growing Hemp in America 

Facts Relating to Its Culture, Qualities and Preparation 

By Charles Richards Dodge 

Ir THBU wu OTcr k time when hemp ealtnre in the thiirei et an elevntion o( 4,000 to 10,000 feet—end in eotion of the elemente and hr freeeiiv and thawing in 
.’ .. Thle method of retting U 


United Btatee ought to pay It la the pmaant, aa owing China and Japan. It ia found on both the east and weat the early wihter i_____„ _ 

to the war in Knrope the foreign anpply haa been eon- ooaats of Afrl^ and it has been introdnoed into Viotoila. prantiied to a very «mail extent in Europe when the 

aiderably eurtalled, Md prioes oi all gndea have been It la aa widely eultivated in the Weitarn Hemiaphece, uaual ouatom is to ret in piU or poola of water, wliioh 

greatly Inereaaed. Onr imports of this fiber are derived and haa been natnraliaed in Sontii Amerioa north of Insures a more even quality of fiber, and a lighter eblor. 

ehielly fropi Rnisia and Italy, the Italian hemp being Rio Janeiro. In the United States the eultun haa been American watemtted hemp hM been aold at 8 oeota 

a hlidk grade, almoet white, fiber of euperlor strength— carried on ehielly in Kentueky, Indiana, lUiiiols, Mis- per pound when dew-retted wae bringii« half tiiat figure, 

in fact, the finest hemp produoed in the world—and aonil, MInneeota and Cattfomia, thou^ the mein anpply When Amerioan hemp waa na««i in the United States 

of whieh this oonnby has taken as high as 4,000 tone has been produoed in the first named State, where the navy, befora the days of ManSa and eteel oaUe rigging, 

in a year. The fiber Imported from Ruada la of lower plant haa been oulUvated for a oentnry. Last year’s the fiber wm required to be water-retted, 

grade, darker In color, not no eanfally prepered, and of mp Is said to have been the imaUeet on record, owing. Hemp Is a plant of may growth, as It flonrUhei In a 
lass tensile strength than the Italian, but well adapted It la olaimad, to tariff ohangea, and In Kentoeky to the wild state in many parte of the world, end in portions 

to oertain lines of Amerioan manufaoture. The hemp feet that there is mote money in tobaeeo mishig—the of onr own country, where It has esea^ from oultiva- 

giown in thle country Is, for the most part, quite inferior low ptieaa that have ruled maUng the onlture nnpiofit- «... 


» that imported, bring a very dark ^ty gray in color, 
and more roughly prepared, but at the iw ' 
strong and adapted to the manufaoture of oocim twines Ruirinn lump bringtaw 7 a^ 8 oenta, 
and small oordage, for which it ia largriy employed. 


But simple growth, and growth for good fiber are 
two very dlfferant things, and a faraur going into the 
Frioea have ranged bom 3R oenta to Oeontf per pound, culture without knoiriadge, and a certain dagne of ddll, 
—•-— - —j o —*. -will be llkriy to have only hie labor for hie polne. Bkfllii 


ellned, although between 60 and W years ago we pro- toaring-a fair gride «< imported fibsr bringliig 19 
duecd in a year as hi^ as 76J)00 tons. But that waa 
bsforo the eta of Manila hemp and Jute, when eornmon 
hemp was used for the maaufaotors of bagging—for 


oqnal to any demand. Now that the Amerioan wpiily pardeuUriy reqniiod in the aftor pngtamtion, whmi the 
ia next to nothing, riio foreign supply ourtallsd. and prtosi atop has boast grown—that If to sfiy, in the rittiv and 


. . oleaning of the fiber. 

. . worth whila for Amstlean To Insnro the best (waits In the eultars ^work 

growers, eqMslally ia Kentuoky whwe the ealtnre in m should begin the previous fafi, whan the tend ji piowed, 


Q underetood, to put in aa fStw orop 


dage, oven olothlng, and other Unw. The importation If the BoiopeHi w 


to bo followed by spring plowing nnd hamniiw. fior tlw 
the ground should be fin^ prapaied. IlmtOTS sofla 
AoaldMBtiBnefornTenlyaMi, arf parUsulnrirfaTanhleic' 


ct Manila hemp in Inniwring qiuatitiw started the do- aa Lord KltahsBsr prsdioto, the fateign mpp^'—of neh ao an fannd ia tim tlvw h 


ellns, but the admission of into butts, bee of duty, in 
1872, finished the bnrinsw and drove eveny hemp min 
ontot eodstenoe. The produotion of hemp fell to 12,000 that ean be e^port^ However, Italian 
tonkayehr.andinraoentyaarethsprodootianhBefaOea ooetly for most 
to 6,000 tono or leas. Loot 
been under IJXX) tons. 

While onr hemp imports are Umitod to the fiber of the quality of the lite 
only two or three oountriw, the plant la abnort unfvwo- 
ally grown. A native of oentral and weatim Aria, it 
haa been ennled by eultivaiion into all lampatato and 
troploal riimatea It is enltivatod in eantnl and aoutb- 
n Russia, Hungary, Qetinany, Fmaoa and Italy, and 


least-may be stiU forthar enrtoiled, to this plant, tha larger pwt of Um Bketoa bmp fit 
lofhomp Franee bring prodnsed alow the mller at 
ip to too or dry sofla, or heavy toOM' 

_bj ahmIiiI|H flUBBftwtanna t& y— giowii 

I’s erop to arid to hava any evwt there to aura to ha a damand for Aaawtoan- fwtiltoan, elaimlw that It to imt ai . _ 

grown hemp at fair prtoea. But to saoura ‘^rar pstow" do not aihanat ton aoil, a i—dtog gr ower in gfvhiff hto 
--‘ be Improved to aa to mote aiptftoaea ataiing that ha had pradnaad efoito . If 


1 many porttona of Aria—India wpaatally, i 
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Fif. 8.—BrMUng hMip by maehlBcry. A heMp glii l> apmllott. 


pnetioe hM alwayi been to me fcrtfllien Ubenlly. 

In FhuuM n rotetlon of oropi ii praotiiod, bmp nltar- 
nntliic irlth gnin oropt; nltlura^ oompetent uithoritlai 
itnte that It nay be grown eontlnnalty on the nme land, 
hut not without fertUiMN. In Italy whore the highrot 
gmdM of fttMT arc iwoduoed, and ti^ itrong loami are 
ohoton for tbe sulture, the land ia highly fcrtOiaed. 
Hera la the pratkM that WM fcmnerly followed In Bologna: 
FIrit, mannro and olive hneki; leaond mamma (aome- 
tfanaa h«i maaore); third, manura and the ohiyndideii 
of dlk woima; fomrtii, manure and more olive huaka— 
a "mind diet," hnt very aaoaaioiia. The tough hampe 
of lapan and China an largely dM to the heavy fertD^ 
Ing given the aoO with barnyard mamirea. Tbe general 
praotlea In Kentueky la to boro the refnae, after cleaning 
tbe fiber, and apread the adm over the land. In a few 
woida, the higbeat reaulU can only bo attained by fol¬ 
lowing In a meaanre the praetlee nqnialte for producing 
a erop of fine flax fiber, the chiet e n enti a l e being a thor¬ 
oughly wen prepared eeed-bed, and proper fertility of 
the aofl. Weeda are the bane of the flax-grower; but 
the hemp«ower need net fear them aa the hemp plant 
la a moat thorough weed exterminator, and a orop of 
hemp la aometfanea put in to elean a pieee of land that haa 
become over foul with the leada of tnublaaome weeda. 

Of equal importanoe with aotl adeetion la aeed adeo- 
thm, and a weD filled aeed ahould be ehoaen, of a U^t 
gray odor, gloaay and heavy. Mr. Dewey, of the Depart¬ 
ment of Agrtcolture, Infonni me that In a reeent letter 
tram Meaxri. Olaaa and Olaae of Camp Nelion, Ken- 
tneky, it ia atated that they have aome aeed of the 
Minimaota No. 8 variety, which haa been developed 
by ideotion at the Minneaota Biperlment BUtlonand 
the Department of Agrienlture. Borne of the pianU of 
tUa variety in the aaeddmeding plot of the Department, 
the paat aeaaon, avenged SM meten high. Regarding 
the prop* quantify of aeed to aow pnetioe dlffeta. In 
France IH bnahela per acre ia eowddarad the proper 
amoont; in Italy 2H buahola; in Now Tork aa hi^ aa 8 
budala wan loinettmea put fat, while in minola 1 to 3H 
bnahdiannaed. The gmaral rule fallowed In Kentucky 
for many yean haa been to uie 88 pounda per aon, warn 
bnadeaat and dragged in. Tbe pnothod of broadcaat 
aaodtag mpl^ad gmiatally in that State b to uae the 
flcdLaary grain drill, afbr mnoving the rubber tubea, 
and a board Jnat under the hopper, to eatoh 

and aeattm the aeed aa It faOi, the drin hoea iuat bddnd 
dni ng the oovarfaig. 

Aftar the 1^ ta in the ground than b nothhig further 
io be done optil the pbnta are gtoara, and the atalln 
have laaabed tbdr maturity, wfabb b detennined by 
tha flndliv of t^pe aiad in tha head^ Xntuoky the 
avarage tima b about UO dayu. Harreating waa done 


Ufci a ibUt, but non noentiy the work of eutting baa 
beanijboonpMiad^dadfi^. Tha naa of 

eabtiah an uMiaary oNwIiig.inBeUne b amployad. with 
a bpriamital lair atthelmwwt plaeed about 4 taut above 
^ fhWng bar, tq band Iba ataDm over In tbe diroetton 
.llliM#gSg«i^b«wvtac. It b mid that with a SM' 


catting, the otalka may be allowed to remain on the 
ground aa left by the machine, althoogh if the erop b 
heavy they ehould be turned, aa required, to amute 
uniformity In the coring. A better praotioe, bot one 
which entaUa more labor, b to bt the ihlka Ue until 
the leavee have fallen off, when they are made into email 
■taoha and allowed to itunain in etack for a period of 
two montha, after which they may be apread over the 
ground to rotted. The advantage b that winteiw 
rotted hemp b brighter than that done in Ootober. 

In theee daya hi^y improved and effloient labor 
lardng machinery, it b lomawhat remarknbb that the 
greater portion of the hemp fiber prepend in thb country 
li deaned on the dumay wooden ebt brake that haa been 
uaed in Kentueky probably for a century (lee Fig, 2). 
I found a alndUr form of brake in uee in Brittany, thoo^ 
of lifter ooqatruotion, being made of both metal and 
wood, and having leven inetead of five date. Breaking 
hmnp in Kentucky, by hand, b an ezpendve opmation, 
the work uoually done by negroee, coating $1 to $1.28 
per hundred poundi of fiber, and the beet worken can 
dean tu more than 180 poundi per day. Only half thb 
quantity b dona on a Barthe farm in France, but tha fiber 
b vary modi better prepared, and b worth twice aa 
much money. A very primitive machine haa been uaed 
in Italy, wUoh lint oruibea the ttelka, then obana the 
fiber by beating; before the hemp b randy few market, 
however, it b otlU further deaii^, and oil extraneour 
matten removed. 

It b dafaned that nearly 300 patonte have been laiued 
In the United Statea for maohinea for breaking hemp, 
the majority of whloh have proved abeohite taflune, 
white only a few have been found praotioal. meet of theee 
turning out Inferior fiber. One of tbe moat aoeoetdal 
maohhw brakaa, known aa the Bhely hemp gin (Fig. 3) 
haa been in limited uae in Kontueky and diewhere 
daring the poat oi^t yeaia. Tha denrioe, mounted on 
wheda, wei^ 7 tono, and in drawn by a farm trMtiuD 
engine which aupidtea tbe power when worUiig. With 
a crew of fifteen men it win turn out 1,000 oounda per 
hour of dean, itralght fiber, reedy for beliiig,>the^ken 



rig; t. ffkeaiiag k^p hy hand. 


fiber and tow being thrown out with the ohive and waito 
mattere. In thb mcdiiM tha italke an fed eidewiae 
and the ddlvery of tha flberb made in exactly the aame 

Regarding the ooet of hemp production 20 yean ago 
In Kentueky, the expenio wu eetimated at 824 per acre 
with an avenge yteld of 1,000 poundi of flb«. A orop 
of Japan hemp, grown In Kam Bounty, California, ooet, 
induing baU:^ and freight to market, 167 per aero with 
a return of 7,000 pounde of fiber. laanBitideon‘'Hemp‘’ 
in tbe year book of tbe Department of Agriculture for 
1018, Dewey glvea the total eoet per aero at 138 
(on the baob of a SO-aera pbt) with a return of 760 
pounds of long fiber and 210 pounds of tow—srleidlng a 
profit of 120 per aere. The long fiber b figured at 6 
eente and the tow at 4 eente per pound. In condderlng 
these figures it muit be lememberod that every cent 
added to the selling prioe of the fiber b just so much 
dev profit. That b to lay, the expense aocoont being 
already sallied, an advanee of 4 eente par pound—or 
lOoent hemp—on the baob of 1,000 pounda of fiber per 
aero, would mean 140 additional profit. Burdy, at the 
present high prices of hemp, tbe American oulture ought 
to pay, without regard to tariff oonsideretions. 

Tbe Ulustretiona in thb article ere from negatives by 
Mr Dewey, Rber Botanbt at tbe Department of Agri- 
oullure. 


Goiuliot Wonnda In War 

PKLiviaiNO a Hunterian oration before a meeting of 
Ibe Royal College of Burgeons, rccenUy, Sir Wateon 
Cbeyne described several Interesting experiments which 
lie had carried out regarding tlie disinfecting of gun¬ 
shot wounds prior to their being more ebborately dealt 
with at a baae hospital. Uy mt-ans of microscopic Ian- 
torn elides the lecturer demonstrated tbe efleeb of 
various autbepUca on colonies of bodlll which had been 
pbced on waxy iubetances, reiireseutlng suppurating 
sores. With tbe exception of one cone, where a com- 
poelUon of eorroalve anbllmate had entlrdy dbpelled 
the badlll—much to (he surprise of the lecturer—car¬ 
bolic add and creoaol had proved the most elTertIre. 
The experlmente, he said, had been carrie<l ont by a 
Gotomlttra formed of Fleet Burgeon Basset BniUh, Hr. 
Arthur Bdmunds (attached to the Royal Naval College 
at Chatham), and himself, and they proposed to panme 
these further In the endeavor to solve the problem of 
efrectlvely dealing with gnnsbot wounds, which had 
mystified medical men for ages past. 

The object in view was tu tiitrodncc Into such wounds 
at the earliest passible opiiortuiilty after Infliction an 
ontlaepttc which would rciueln there, diffuse In the 
blood of the ttaenes, and Inhibit the growth of the bac¬ 
teria until each time aa the wound could be thoroughly 
dJslnfocted. He felt sure from the experlmente carried 
ont that the dangers attending the neceaeary delay In 
conveying wounded from the firing line to the booe 
could be entlrdy removed, and waa hopeful that com¬ 
plete dblnfsctlon of wounds could be effected. Saab 
probtems, however, could only be aolved at tha tront— 
The lAmion DaUt Teletraph. 
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Atoms and Ions—111* 

A Comprehensive Discussion Elspecially as Related to Gases 
By Sir J. J. Thomson. O. M.. F. R. S. 

(Continued from SciENTinc Ahuucan SopplinnuiT No. 2063, Psfe 201, May 8,1916 


IR oppDliie bis third discount, tbe lecturer ndd that 
ho proposed that afternoon to dlsenss the subject of 
Ionisation hh u result of rtinulcnl reactions. Mad be 
been lectnrliiB on this topic ten years axo he could have 
spoken wltli much less uncertainty ns to the reality of 
this phenomenon than It was possible to do ttwlay. IPor 
many years, Indeed for most of the past century, pbyat- 
clsts held, with the utmost conlldence, tho opinion that 
chemical action fonuisl one of the most elHclent ways 
of protIuiJiig electrlficntlon. The methodical studies of 
recent yeurs bod, however, shown tliiit the eilierlmoita 
ri-lled frti for proof of thbi proiiusltlnii were really vltl- 
Hleil by spurious effects, tlncertnlnly, In fart, arum 
from two distinct causes. In the first iHace, elertrldty 
was prodinwd when a wis bubbled throuxb certain 
llOiilds. and this fact put out of court all the eipcrl- 
nionts In which Has was Kciierated as the result iif a wet 
reucHoii. Aiitdlicr dlHtiirhlnn fsclor was that at hl|(h 
temperatures solid IhsIIch gave out electricity. Many 
chemical art Ions wi>rc mssnuiiaulwl by a great rise of 
temperatun-. Hence. If sollfl iwrtlilcs were prasent aa 
a moilt of the reaction, Ihcsi- would necessarily lie 
at a very lilgli tciuiH'rnliire, and wisdd jrtve out the 
ob-rtrlclt.Y which was formerly iitirlliutcd to the chemi¬ 
cal action. 

To llliislmte the cffisl of llic source of uncertainty 
Hrst alludrtl to. Sir .towpli 'I’liiauson placed oa the top 
plate of an e1ectnwsi|s> a bsid dish coutaliitiiK sine, (hi 
adding hydrochloric acid I he electroscope was rapidly 
discharged, owing lo the elis-lrllb'ntlon of the hydrogen 
generated. 

For a long lime, I'rof. TlioniHon ismtinned. It was 
not doubted Ihul In Ibis c\|icrlmeiit the elootrllloatlon 
was dlrertly due lo Ihc lllH>rntlnn of the b)dr«gen from 
the acid by the slue. If this wen- so, however, In 
whatever way Ihc acbl ndisl oil the aliw, the hydrogen 
produeisl shisild ls> olcctrlllcd In some very lieaiitlful 
evperlnieiits lllm-h hiid. however, shown that when the 
regrtinii tisik plnci> Irntwecii gaseous hydrochloric add 
and finely dirldcil slue, there was no electrlficntlon what¬ 
ever. The reaction was the same ns before, the only 
dlfferenoe being that It was not aicomisinlcd by the bule 
bllng thnsigh liquid of the giis llls-ratisl. This ei- 
periment proved that former Intcrprclalloiis of the orig¬ 
inal erporlment had been erroiicoiis 

Aa matters stood there were nndoiilitedly iimiiy chemi¬ 
cal reacllons which were not accnnipHiilisI by any |ior- 
ceptlMc electrlllcalloii. A very Interesting case waa Unit 
of tho combination iindiT diffuse light of hydrogen with 
chlorine to form HI'I. Tills reaction was one of the 
most vlgorons known, iiinl he laid himself employed the 
most delleate means to ilcti>rt whether any elecdrlelty 
was llbernteil by It. but the ri’siilts were ahsolnlely non- 
tral, even when Ihc rapidity of the reaction were piiaheil 
as fnr as was ennslslpiit with the safety of (ho appa¬ 
ratus. Atlothcr very vlgonias reaction was, he eon- 
tlniied. the oxhlatloii of nitric oslde when allowed to 
escape Into the air, 

My adding nitric iicld to copper the Ici'tiirer llherated 
nitric oaldo. which was passed thrisigh a (liter of cot- 
loii wool to take out any Ions Hue to the biibhllng of 
the gas tbrongh the llqnld as It whs generated. The 
gas thns desned was then direrteil on to the tqi irinte 
of an elertroseopr. and the copImiH ml fmnna pro¬ 
duced boro evidence to the vigor of tho rrnrtlon In prog¬ 
ress. The electroscope showed no signs of leakage. In 
spite of the largo amount of chemleal action In prngreas. 

Tho cases so fnr treated were. BIr Joseph proceeded, 
liistaneen of chemical comhlnatlnii. but proccssca of dla- 
Hortatlon were eqiially characlerlaed by an aboence of 
elortrlllcatinn. One very Interesting Instnnee waa the 
deconipnaltlon of nickel carbonyl, which was effected by 
heat at a temperature helnw that of boiling water. The 
nickel waa deposited ns a bright mirror, and caihoo 
monoxide liberated. This reartlou, he said, had been 
very carefully Investigated In the apeaker'a laboratory 
by Prof Rmlth, but not tho slightest sign of any ao- 
companylng electrification was to be detectnd. The dla- 
sodatlon of aneninretted hydrogen, which alao deeoa- 
peeed at a comparatively low temperature, had been 
studied by Bloch with equally negative remits. In feet, 
while It jraa easy to give Instances of chemical Nacdana 
which showed ng lonlantlnn. he would he bard put to It 
to give a geiinlBe rswe In ivhlcb cbsmlcal aotion waa 
aceompanlad by hsilsatlon. 


'Phe matter might, moreover, he regarded fim the 
viewpoint of the energy changea Involved. In tbe last 
letrure he had given a Hot of the energiea raqalrod to 
lonlae atoma of dUfaent eleawntt; that wu to lay, the 
anioont at work ns ee m a ry to detach a negative pai^ 
tide frem one of tbaoe atoma, so aa to leave It eleetrl- 
fied. Of all thoaa given In bla list meicnry was by tar 
tho easiest to lonlae, requiring 4.9 voltn, while oxygen 
rwinlred 9 volti, tnd hydrogen 11 volta. Hence, to dee- 
trlfy en atom of hydrogen or of oxygen woold reqfnlte 
an eapenditora of wiwk repreaentad by at least 0 vota. 
If thU energy had to come from that liberated by 
chemical action, ooe wonid expect that the energy liber¬ 
ated on the ocmblnatloii at hydrogen and oxygen tn 
form water ibonld be greater than 9 vdta. Aa a mat¬ 
ter of fact, however, it amonnted to a little Ina than 
‘J viilhi. Hence It would appear d prtoW that there was 
not ennuah energy available from tbe chemleal uomUiu- 
tluii to effect elertriflcatlan of either the oxygen or the 
liydnigen atom. Indeed, the amallaet of the numben 
given In his list of tho previous wedc represented an 
energy greater than that developed hi any known 
cliemical rrartlon. Pooelhly, If tbe Hat were extended 
to Include inch electro-poattlve elements aa eodlnm and 
iwtaadnm, this might no longer be tim 

Novertheleaa the apperunt Insnfllcleney of the energy 
available did not entirely dtapoee of tbe qncntlon aa to 
the pusalhlllty of lonlaatiim by chemical acUan. Thin 
wiinld he the caae if It srerc permimible to ImagliM that 
cliciulcal action consisted in one molecule of a gas 
nislilng pest that of aikother and wising on It; hot, aa 
a matter of fact, the marriage of the etoma dM not 
lake place la this haphiiard way. It waa not merely 
the result of chance cuUlakina between patUcUa rnah- 
Ing tiinnigb space at velocities comparable with thooc 
of mir largeat projsctllee. Bwch marriages always oc- 
ciirnsl III regions more densely poiiulsted than the avor- 
nge via., where the gas waa condensed no the walla or 
INI nuclei IliMtIng in the gas. This being so. It might 
quite iHincelvably take lean energy to electrUy the atom 
or molecule In a solid or liquid conditloo than In tbe 
guaeous state. 

In hla first lecture be had shown, the lecturer said, 
that when ultra-violet light Ml on a dean sine plate, 
iicgaUve dectriclty won llherated end eecaped, leaving 
the line positively elertrlfied. Now there was reason to 
licllcve Hut a definite amount of energy wm associated 
with each kind of ll;^t, this amonnt bellig Invenely 
pro|iurtlonal to tbe wave-length. Thus, In the case of 
the mercury line having a WBve-Iei«tb of StfiK Ang- 
Htrom units, tha energy aaaocUted with this wave¬ 
length corresponded to S volts, which waa that re¬ 
quired to Ionise tbe mercury atom, and light of this 
wavHcufth could accordingly lonlae meronry vapor. 
This light lay In the nitre-violet; and In the vlalble 
Kiiectmm, the wave-length being longer the oaaoclated 
energy won correopnodlngly leaa, and If OM went np to 
the extreme limits of the red—via., to wave-lengths of 
alHiut 7,000 and 7J100 Angrtnm nnlta—the energy avell- 
ahlp for Ionisation would be only ahont one third of 
n volts, or, say, 1.0 volts, which wan not greater than 
WHS liberated In oertain cbendcal retetlona. This red 
light, though of too long a srave-length to be vlalble, 
was, neveitbeleas, competent to canse a Uberathm at 
energy from certain Idndi of aoHda. 

Tn show this, tha lecturer empioyad a glaaa vcewl 
coated Inside with a very thin layer of rnbldtaas. The 
Interior of.the vernal waa co nn ect e d by one deotrode to 
an electronoope, and by the other to earth. The ligbt 
which poaead torongb the mby gUas of a photographle 
lamp was aUowed to art on this rabUlma oaD, aU other 
lldit heliit exeinded. and nndar Umm conditions the 
rtertraaoope Aowed a very leahage of deetrlcHy. 
This onenrred, aHhongh the wave-Mga of Uw light 
nuctilng the raMdtni waa veiry long; and had aiaoel- 
ated with It a eoRespondfaigly small aksonot of enargy. 
These rnbldina cdla ware, tbe laatner mM, ^ntte aa 
sefisitivs to Ugbt u the eye; In fhel; ame weeben 
claimed then to be even more amaUlvek Ite tfiwliig 
cartMo of an extlagnlM metA Wttdd, he aeU, eMto 
tbe eall ae long aa any vbOie leham temalneiL 

From thia ezpartiMBt tt HVadied thtf If we Hm 
dealing wlto anOdi^ ^ atttotT emtalda h r^T 

on as a proof of thdr fiMt tgr who mhidat ga 

eetoMlahidthoiegII»<«tlifc>H(tiy(WfirtBgji^ 


A great number of experltaesto had, in toch bow mode 
by Haber and Jimt with thla edl. and also with gnoUHr 
la whlA tha mbldlnm waa taptocad Iff ttae'ceHona 
Ilqidd alloy tonied by potaaolnm and aodtopk TWa 
alloy, the speaker conUm^ oioeely rsemiblifi wmteatj 
in appearance, and he recalled lnoldei>tolly tto nto by 
an American Inventor In an attempted tiaod on ProC 
Rowland. tb» latter had been commlaelooed to toveatl- 
gate certain dalme moda by thla Invontor, and r^iortsd 
that If theee were JoBtifled, It Bbeold be pomdlria to make 
a lumaetor In which the meronry would atand ftr 
above the normal 80 Inchea. The Invantoc aoceptod tha 
challenge, and broo^t forward one In which tbe Uqidd 
(to all appearance meronry) stood at a height of eome 
yards. Investigation showed that tbe moKory had. 

Id fact, been replaced by tbe eodlnm potaielnm alloy. 

This alloy, Prof. Tbomaon oonttnned, liberated elec¬ 
tricity under tbe arthm of light Jpst oa rubldliim did. 
Haber end Jnst need mbldlnm Incloeed In a highly 
exhauated veoael which they kept In the dork, and Into 
It they poiwed small omounta of brmnlne or at pbosvene 
gaa On the entrance of this gas electricity was liber¬ 
ated, and on determlnlug In the usual way the nature 
of tbe carriers, those proved to he negative pertldee. 
The experiment wns repeated eeveral ttmee, and In all 
cases It wes found that tbe llberatlan of the elertiidty 
took place when one of tbe above-mentloiied gaois wea 
admitted. They attriboted this toohmtliin to the chemi¬ 
cal aiAlou. It was conceivable that they were correct, 
but many dlOcultlea would have to be overcome to be 
sure of a rteerent Imue, even In what waa apparently 
so very simple an experimeuL 

The speaker had himself. In experiments made some 
years ago, nsed rubidium Inclosed In a veort exhausted 
to the highest degiM by means of charcaol and llqnld 
air. Though Ihe cell waa kept In the dark, some elec- 
trirtty wes alwsye liberated, even under the very hlA- 
nrt vacua, elthongb neither bromine nor pboageoe IPM 
wns present The apperatua was leapt In tbe dark, and 
III a apecUUy darkened room, tbe eOclency rt tbe pre- 
caotiona taken being taoted by exposing n very eenal- 
tlvn piste Blongelde tbe apimratas for tonr dayn. This 
plate, when developed, wse quite dear from any signs 
of fog. NevertbelMH, electricity was liberated, even at 
the bighcet vacua. He fonnd, however. Out Its omootit 
wss very much Increased by the admission of small 
qnantltlea of hydrogen, which Intenalfled the rate at 
leakage several fdd. It was therefore not at all clear 
that la Haber and Joat’e experimmito tbe affect of the 
gas admitted was due to Its obemlcal acUon on the 
nibMlnm. 

He would Jnat allndo to some reanlta which abewed 
the Immense Influence which might be exerted by films 
at gas formed on the sarfice of metala. A very con- 
spicnouB example was that of the emkmlon of elertrldty 
fmm hot bodlea. A idgtlnnm wire xalsad to a moder¬ 
ate red beat gave oat a large amonnt of poatUve dac- 
tridty. If the same wire were, however, denned with 
nitric add and bydrogeo aHminstiiii wltb every praeibto 
preeanHon, the deetrldty liberatod, at tbe aame tom- 
pentnre aa before, foU to leea than one tofilloDth of ito 
former valno. The preaeooo of a film of hydragen on 
the plaUnmn had, thendore, an emtrmong eOert. An¬ 
other caae was afforded by the acUon of Rgbt oe raM- 
dloffl Itrelf, or rather on other matola whldi woold 
notoortiRaD. The actioa Ught on aaeh metala waa ncog- 
niaed aa being vwy dekle, ■n4 thto.TtriahlUty waa dna 
to Inyen of gas oendtoitad on tha sartoea of the metal 
If this layer w«e Inii r Maed or teneved, tha oBact was 
extraotdlnarfly laiga. * 

IhehotloaotmidkilloMmlglitlMtxplalimdhpimagto- 
lag Oat tUs gataoos layre waa decto^ 
trlfleatlM wen poritlvn. It woold help «! Hght to poA 
oOfMifallvopattlolei from the matol The eftoet wfitAd, 
theiefoto, be doe to edmetUtg wUdi wee got whet «M 
ordtoarily Implied by the tone ■ebaiMlaaila*.*’ Htmlh 
It wes not poerihle os yet to ggjf oMher jp)m«HlMCi1fi 

eObeto doe to Dght of very tang wgfntai^ wea «ot . 
naponaie fior the rwmlto fltee md ly Haber eitt JM. - 
UgU 4f tUta AgihiiMr Wig AIM oNn q«ag k 
box, and the idAutoal eHMs Amd be A#., 
layer at rm M dtM d on 'tte'OMhoe fit m mH'. • 
OBfAWy enae tatpifHhmto^e^iMM'iMt' *9 , 

m «M OMMIH m An Vraff- «(t 
Hhhy * '^’* * '* *** ^ i y ii!| W 
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OlMt TMri tD 

to «M. tt ftM fw tootooMd « Its soitooi^ it wu 
Itoai Iktt Wiibatoitoiibto iOtto m to to 
i pf iils K h ortbiBillr tlw attol nvobM iwdUy sraii to 
tto^U^of^totoUncvsT^Itoith. TUswMitraiii 
tetotiMiir to tbo gnst toftiaiioa of Nituo la;on, sad 
toato.1t aU tto non dUkiiU to bo Min Out tlw eOwts 
attoi^ tvSli^ aito 3t>»t wen not naUj attrlbiit- 

of a aaa ooold ba totootod. Huh In a guMa^Hifly 
toMtrttod bf means et BAotfRi nja. not on moleenle 
to a mflllDB was e l a ctrlto d. Tbt ipeaker bad worked 
eat (ran a letmnla ct Boltamann the nmnbar o# pa^ 
Odea wUeh wonU be aUetrllled to a gas at dUtorait 
tHHpantan to rirtn to tbs mtoeanlar eoUltooiM. Do- 
nottoc br It, too irambar to mtoeeales not doctrillcd. 
bjr S, toon naaatlnlr atoetrilM, and bjr M, tbon poto- 
ttToly elaotiUM, toe temola antred at waa i 


where r denoted the apeddod voliime to the aaa, A e toe 
enenr paeaeoMd by a moleenle (eboat one thlrtleto volt 
atO deg.), a toe ndina to toe etom nr moleeale, and le 
toe energy teqiilred to hwlaa a partldo. 


IWa eqnatom, he toonld add, tnwn uto d an tdnl 
to wbMi too pbeaomona to uniihliai ndgbt attain, bnt 
which need not nneenrUy bo reaobad wltoto a tliiUe 
tone. All aneb atpreaalou were obtatoad by finding 
an arraagemaiit wbleh ■an tba rntotomm nine to Home 
(uiHtlon. Hm to tot atmple eaee to toe eqnlUbrlaiD 
to budten nnder gnelly, toe general toeotem waa that 
too Htote waa moat atalda whan too center to gravity 
to the whde maara Involved waa at toe lowtat pow 
stble levd. 

If tola were accepted wlthont quallflcatlon, we 
■honld expect to dnd toe whole popolatom to the 
globe coDcentrated In ita netbermoet idte. Bncfa for- 
mul*. however, made no allowance for dtdleoItlM to be 
overcame In gettliig there. Water in a gUee on the 
table waa. from toe vtowpotiit to the general theory, 
leaa eteUe than if qrflt cm toe Boor; but before It could 
eHcape to toe Utter It wonld ban to have work done on 
It to ralM It above the edge to toe gUm. Again, calcu- 
latoma baaed on toeae very general prindplea led to 
the condiHloa that If hydrogen and oxygen were mUed 
together at ordinary tmnparatuna, a by no mnns in- 
Htgnlflcaot preportioo to water would be formed. There 
wa*. however, reeami to bdteve that toe two gaaee 
might be left togatoer for eentnriea wlthont aenalble 
nenhloatlon oeoarrlng. In fact, fbr toe reaction to pro¬ 
ceed, an nphiU road bad to be traced at the ootert, and 
a catalytic agent waa needed to snrmouat tte rtae. Bnch 
an agent acted a« a alpboo would In em^ng a teke 


Premlalng tlila, the fonunla given Rhowed that at 
:!.000 deg. Cent about one partldc In 74,000 of a gna 
Hhould be Ionised. Thia waa quite a large number aa 
compared with the lonlaatlon effected at ordinary tern- 
lieraturai by ROntgen niya. Hence electrlllcHtlon by 
higb tomperaturoa waa quite within the bounda of pus- 
alblllty. On the otber hand, at 0 deg. (lent the formute 
gave the reanlt that In 1(P partlclea of the tsaa only 
would be electrlfled. Hlnce there were only 10** mol. 
eculcH In a ruble centlmctor of gaa at normal tempera- 
hire and presanre. It wonld be neceaaary to take a liter 
of gaa to include a alnglc charged particle. 

The formula waa therefore coiialatent with the known 
pmiiertlea of gaaca at onllaary room temperatnrea and 
with toe coDductlvIty of Itamca. If to a flame, aodlnm 
waa added, a meUI which reiinlred leaa than the 10 
roUa or ‘ao needed to lonlic oxygen or hydrogen, the 
iiiiniher of electrlfled partlclea waa largely Increaaed. 

Tlie effect to beat on the llla>raU(Ri of electricity waa 
of very great Imiairtance alau In other leapecta. It 
might, for Instauce, alter the nature of the carriera of 
the elnclrlclty. Theae were generally niolecnUr aggre- 
gntea conalatlng of a few moiecolea each. In aome 
chemical actiona, however, large nuclei were pmdnced, 
ami to tbla nuclear dust the partirles adhered, so that 
the light and enally movalile carrier waa replaced by a 
great, heavy one, hani to drag along. 


Dried BeBr*T«tot u u Article of Food 
Ta Bsaamlty ot butoaodhig the food auppUtw of 
Gcnwmy during tbs pnsent war hM led to a aearoh for 
new mmai to nntriiiHat, from wMob additkma to toe 
daily tors to too nstlos might be obteinad, and In toil 
sanitiiiy ths aldll of tbs Oermans in ohamlitiy standi 
toran In good stead. Attention has boon ealled to the 
noorltoinent oontaioed In straw, which would be to ser- 
vise if It eonld ha extracted. AnothAr imposition is to 
make nss to dried bcec-yeast as an Ingredient to improve 
toe flavor and dlsteUcniulti to various dishes. Thstut^ 
pfan yeast aontelaed in ths scum and dregi to beer has not 
•0 tor been put to my great uee In Qennany, exeeptlng 
•a fhsd for mlrnih and ae a fertiUier. Thera ii, tharw- 
fine, a laige ameiml to raw material to work on if toe 
saggaitkm, eanfully etaborated in toe Oemim Journal, 
(fsuekaa, by Prof. B. Wetawiirm, ihouM be carried 
bsyond the trial ataga. 

Vm Leenwenboek, a Diitehman and the eon to a 
brsww, waa, hi 1880, toe flrit pereon to inveatifate 
mierasaopleally the yeast of fermented wort, which he 
deaaribed as compoead of amall glohulei. It waa not 
until the lint halt to the bat acBtuiy that It waa rocog- 
niied by taveatigaiort, ai Isitour, Bohwann, and Kfltahig, 
to bo a vegetable growth, devrioped hom a ringU cell 
and propagated by gmnination. Meyen gave it the 
name to sugar fungus or Baceharomfett, owing to its 
pi opert y to tormenting a sntetion to augar. The prao- 
tieal working to the ferment waa known long btoore thia, 
even though Iti nature waa not understood. All brewed 
Hqnon in these earlier days were produced apparently, 
tiim ranotest time, by eslf-fernientation. In roaUty, 
the yeast fungi floating in the air md the nme on the 
sorhoe to the malt and hops penetrated the liquid md 
earned the fermentation. The froth riaiiig to the sur- 
fan md omufatfaig largdy of now-genmtod yeast was 
regarded fotmeriy as m Impurity thrown cut by the 
tormenting Hqnid that should be removed. In toe 
eeventemth century the diseovery was made in Rnglmd 
that this troth oonU produce fermentation in a 
wort. OoHequentty after this in brewing beer the 
ySeat pined tmn one fermentation was used to emse 
anothm. Pasteur thawed that beer-yeut was often 
idled with haeteria. Hla teseanihes wan followed by 
thoee to Hansen who dfamovered a prooeas to inoduofaig 
pan. yeaat. In Hanien’i (wdoch a misraiicaplnny 
detennfned enllure yeast edl ia prppspted, under sx- 
ehuten of ad lataation from other-otpaisDu, until a 
aafUmt amouat to pim yeaet is gained to ferment a 
a paiflaad pmtity to wort. 

fib VHMlIi yewt b obtalnad during fermentation that 
toapaatortiomti^ cflt canmt be used in toe prodneing 
hnwety. This aoiplaa In Germany amounte anauady 
tobhMt;70nriIBon kflopammea md In Austria-Hungary 
tobVflrSf nddiankaarammaa. Sope 10 mllikm kffloi 
to tiita attott qnbnUty b takm aaanaDy for making bread- 
yeis*., frab jteaat from bam eoataina 7S per seat of 
pMf and alaiip amennt to albanim, ao that it apoib 
lla&. . Tfab l^n Araifliinlr to ita atoe aa animal-feed. 
toP'MIiitolh'ita bip,.db«te^l to altnpn md phue- 
M^l|te«ebnna»ribti»toati)b<r, the prlee paid 
'#M.^tii|i*eprifaatoltoial|ia. Neitoarblhe 
c b|p|i«Balbm to dribd litoat atoUmi^ 

-atoMkdir-.ljba brnfla. ..Oobaeqpmtly. sceordhig to tba 
any to anmlbylag 
aa'toai abd 
ijilrilflft toldirili to* toadm 


using fermenUtion took up the question and found by 
practical expoinumts on hones, sheep, hogi, and poultry, 
that the dried yeaet wns m excellent feed, when it was 
freed from Uvlng oella and ensymee and had the water 
squeexed out. It was cssfly digested, nourishing, md 
readily eaten by the animab. As a result to such Invea- 
tigatkmi the yesst from beer is now dried for feed in 
twenty-three drying fsrtoriee In Oermmy and five In 
Auitria. 

It was only natural after yeast had proved to he so 
wholcaome for animab that nsearnh should he made to 
make it lervioeabb as humm food, etpeeUlly as it was 
already used for rairing bread. Ths writer of the article 
gives a oompaiiaon in pementages to the eluanical oom- 
poaition to toe beer-yesst dried for food and medium fat 
beef. He shows that the hoer-yeast prepared for food 
contaliii 54 per cent to anHimen, 7 per nent of ash, 3 
per cent to fat, 38 per cent to extraetive substannea free 
from nitrogen, and S p« aunt to water, while beef con¬ 
tains 31 per oont to albumsn, 1.5 per cent to ash, 5.5 per 
cent to fat, no extraotlvu matter free from nitengim, and 
73 par cent to wator. 

"According the statement to Prof. Cluss,” conlln- 
usa the snthor. “the yeast dried for food has the follow¬ 
ing average composition: 0/8 per cent to water, .'>.1/58 
per cent to raw protein, 3 per cent to fat, 25/30 per cent 
to axtractive matter free from nitrogen, included in which 
b np to 20 per cent to glycogen, and 7/0 per cent of ash. 
Theta flgaras show what m exceeding vahiablo artlein 
to food the yeset b, and consequently how suitable te 
tidn the plam of meat, and thb all the more aa the raw 
protein in its oompoaition riwsmhles not ths albumen of 
vegetable food but that to meat. Along with iti Ugh 
eontant of albumen the yeast prepared for food b also 
marked by great digestibility, whneby the eater digeita 
no per cent of It md 80 per cent to its albumen. The 
ratio of nutriment between yeast prepared for food and 
horf b as followi; 1 Irilo to medium fat beef contains 
1,370 oalorlet, 1 kilo to yeast prepared for food cootalns 
4,520 oalorici. Consequently I kflo to prepared yeast 
corrMpondi to 8,3 kilos of b^. In thb ye^ the pui^ 
chaser obtains for 1 Mark (35 eente) 904 ealories, from 
ordinary beto 023 ealoiles, frmn line beef 878 edorba. 
The yoaat prepared lor food ta theitoore cheaper tbm 
ordinary b^.” 

The albumen to yeaat eonlaina 30 per cent to nuclein 
md tbe dried yeaat about 3 per cent to leelthln, Bubetaneec 
which hold a large amount of phoapborie add, so that tho 
ash b rich in phoaphorb add. Tbs ysaat prepared for 
food contains about 7 per nent to ash, 05 per cent to 
which ta made up to phomhoric add (PtOi)- This 
pbosphoria add in the ash constate to 05 per cent to 
organically .oombfaied add and 80 per cent to inorganie, 
therafore the yeast prepared for food cmtalM 8.4 per 
cent to organically combiind phoephorio add. Aenineh 
•mpbaab b taU upon orgmia phoapborie add In dletetio 
treatment fur lesoriry to health the yeast dried for food 
has proved a valuabk aU In aneh easas. Aoeording 
to our mthor, iriim tahen In small amounts several times 
a day, It stimnlatsi the mpotite (hardly a reeult to be 
deafaed dmqM food IkO), a^ in a short time has m In- 
vigoMtlagdleet upon the general health. Thaprepand 
yaaat having bem wdl tested md reoogniisd by the 
Oennm m s dic al pntaadon, it b now mneb used In the 
tartehoapttnb md ebaritabta institutioM in Qernimy and 
In the faediiig of Wtewdad nad convnleeeent eoUbn. 

"Aa itfiida ha p re par a ti on ,’’ continBea Fnf. Wdn- 


wurm, “tho surplus yeaat is flrst sifted and washed, then 
the hitter principle of hops stiH eviating from tho fer- 
montetion of the heer is ftslracted. After this it b dried 
In a rolling machine at 125 deg. Cent. This heat anSInea 
to destroy the vitality and ensymea of tho yoaat, the 
reverse of the process for drying yeast for medicinal 
purposes, where the' vitality and enxymni of the yeast 
are preserved. Thu expoeure to heal u so short that no 
iHMunlial chemical changes occur in the yeast excepling 
loss of wator and dostruclion of nnzymee. Tho simle. 
like yi«st b ground to powder and protooted againel 
dampness both in storage and transport. The yeast has 
a yoUowiah-white enlor, an agreeahle odor and ■meU.” 

Our author thinks the era to war the right time (o try 
this food-yeast in the kitchens to the German nation 
to siippbment any scantincea in the supply to meat. 
To do so would help the larder and prevunt the njonomio 
waste to the yeast. Practical experiments in using tbo 
yeaat for food were tried in lOiO at Berlin by tbe ro- 
seareh institute for trades tming fermentation in a manner 
aimilar to the ox|>erimcula on the ''poison-equad” at 
Washington. Per four wnike 13 men belonging to the 
institute received daily at noon 20 grammes to the food- 
yeast prcpwvd in various dishes, which they ate with 
hearty appeUle and good niaiilte. They were all in 
excellent health, gained in weight, and full fresh and full 
to energy during tlio entire experimental period. 

Himilar oxperiments were earriod on at the reseanih 
institute at Vienna of tho browing and malt industry, 
undor tho supervision to its director Prof. Cluaa, who 
sought to introduce the use of yeast proparwi for food 
in Austria. Roveral lusts wiiro made there with soups: 
one was a vcgetablo aoiip without meat, a suwnd had 
8 grammes of tho yeast added instead to meat, a third 
was niado with soap-stock instead of water, while a 
fourth rontainod both soup-stock and tho yeaat. Tho 
volume to each experiment wns 0.25 liter, a little batter 
was added in every case, and the euohing was carried 
on for half an hour, the water lust ia hulling being roplacnil 
hy hot watiT. ’I'he result was the following: the first 
loup waa mlaerahlo, the sreond proved a good average 
soup, while tho third waa duciiledly better, and the best 
to ^ waa tho fourth in which both soup-stock and the 
yeast bad bmn iiacfl. 

The author also tritsi winic cxpi-riiiiciitn in his own 
household ami found that from one fuiirth liter of water, 

8 gratumes of the fisxl-ycaHt, and salt, a good-tssting 
soup could he made, somewhat similar in flavor to bouil¬ 
lon. Of hb experiments in nnkiiig vcgcliililcs ho sal's' 
“CbiroU prepami os a veKiUsble with water, salt, and 
the usual ingrcdicnte only, and wilhiiiil the food-yeasl, 
were quite tasleless. Wlii-ii. tliiiugli. Iliu yeast was 
added, as 2'-i grammi-H |st [sinion. tla- dish had a bu 1>- 
atantial, agrccalilc flavor. As it is euslomary in the 
houao-kccplng of the well-Uiiiii to |in<|>oni vegetables 
with the aid of sonp-stnek, a similar iwrulli'l iixpiinmenl 
was tried with and without tiui fisHl-yisiHl in the staUri 
quantity. Vegetaliles prepared with N>u|i-stock and 
food-yeast had much the best flavor, being tlioniiighly 
enjoyalile. No taste to thi- vciisl hiu |H<rccptihlc in tlic 
dbhcH. As the roault to iiiy iumi cv.jH-riiiii-nls I nan, 
Uiertoorc. say: Kood-yeasl not oiil.v inorcnscs llio imlri- 
tive value to viands but also I iiib tlu'iii nii cxoellont 

The yesst has also Is-cn used ill the pn-psration to 
other kinds to fwMl. as xwii-l>ark. rake, cliociiliilc, coooa. 



saENTmC AMERICAN SUFPLEMENT Na 20 M 




of olM drcolu vddod OKtlooi. Dpon thti to bnllt tbo llitbter oatsMo hnll of raMora torpodo-buot fota. 

The Inner cylindricnl Mcthn nf the ktent MburliM for the Autrian navy. 


The Submarine in Naval Warfare—IT 

Problems of Design, Construction, and Recent Tactical Developments 

By R. II. M. Robinson 

Concluded from S<.'Ibntif'io Ahkrican Svpplbhbkt No. 2063, Page 208, Mny 8, 1015 


Ai.r. of the (uhmariM opnratiunii no f»r ohronioled 
diiriiMI the preient Eunpeen war may br nid to be in 
the nature of naval raidi, aa diatiiiKulNhed fnnn alriotly 
taetit«I evolutluni. Thu surface radius uf even the 
sraalliT types ui submatlnea ii quite sulHrionl for any 
of the raidInR operations of which we have road. 

Undoubtedly the submarine proceeds on the luifaee 
to a iKiint where pravknii reports Indicate that the 
enemies' ships arc, or are apt to be, then oomos to the 
awash eondltions snd waits. If bis quarry is sighted, 
he may submerge and await him, or so direct his ouuise 
Bs to cross that of Uio enemy. 

The fact that he wai a tong way from his l>aiie was, 
at least in the early days of the war, an undoubted benefit 
to the submarine, as no one suspooted him of being there, 
but, even It they did, his invisibUity when submerged 
and bis close approanh to it even on the surface make 
him reasonably atfe, though on a tong run ths erew 
might not be luxuiionsly oomfortable. 

It is quite possible that the submarine will oonttous 
to be most heard from in this form of opention, to which 
its inhoront qualities are well adapted. The moral 
Influmipe of this hidden danger and its oonstaot wearing 
away of a near or far blockading fleet or one patrdling 
the seas to keep them open, aa the British fleet is doing 
in this war, is not to be imdersstlmated in Its effect on 
the fleet Itimlf or the pubUo whom the fleet repnasnU. 

1 have it on very reliable authority that tho OsPinaiu 
in the present war, in some instanoea, have used a Bthing 
boat or some other surface veesel, pretending it to be a 
mine-layer, aa a deooy. 

The questimi of the taotioal uae of the aubmarins in 
giDupt U, howaver, of importance and will beoome in- 
orMringly ao. The maadmnm range for suossarfiil 
■Uaok of a sub narlne ia liinited by the rirele of vUhiUty. 
The sea horiion, viewed frinn a pwiseope 30 feet above 
the surface, it Just 10,000 yards. At this range the 
horisontal an^a subtended by a OOMbot target is a 
little under one degree. When the perieeope hel^t 
U 3 feet elwve water the sea horison Is distant 4,000 
and when one foot eqwsed beoomet 3,300 yards. 

IJfk 4 iraotinal difflenltles of finding and then firing 
at gpeoks on the hulion are so many at to oompel tha 
submarine to take advantage of her tovtaUdUty and tm- 
mmilty trom g unflrs, topmhtheattaektoeloieqnartw 
• Jmmul ot tlM rrmWa lestltols. 


—3,000 yards or lem—or, If unable to do this, then to 
hold Are untfl more favotabto opportunity offers. 

What I shall give you new aa to submarine tactics 
is quoted in some part from a paper prepared by one of 
our best submarine oBtoott, and may mid to havo 
the wdght of experienoe behind it. 

Before entering Into a dlsoustton of the taetios of sub¬ 
marines, one should first ooiulder the various means of 
eonimunioatton between submarinM and leouts or shore 
Buttons before sighting the miemy, and between sub¬ 
marines themselves after si ghung enony. 

On tho sorfaoe the submarine hsa tha following hmms 
of signalling, the order of thsir estlfflated value being ss 
given; 

Radio (day or night). 

BeanliU|d>t (day). 

SeanlWldtt (aight). 

Shape dgnab (day). 

Flag signals (day). 

Wigwag or semaidxn (day). 

Vsry’s start (nl^t). ' 

Wigwag torch (iiV>t). 

Submerged tho submarine has tha nbmadne bsU 
signal apparatus, and, mtm leeently, the Fememtea 
oseUator, whloh performs the same tooBthm area mon 
eatbfaetorUy. 

The tubmailne beB oea be used'between submarinee 
or between submarines and teadsti at shore etattons, at 
diataneee varying with the attendtiig otreumstaiioee. 
Under tha most favorable oondhtoot Q. e., bH maohliisry 
stopped) signab may be asebanged at dlstaneea up to 
8 mllsa with fair soe e sm. VHtb maeUnety numtog, 
and under tha meet hvoreUe oondlttons 0. e., beats 
running In epposita dbeotioiis], signals may be esdumged 
at diataneee up to one half mile. 

Of the various means cf rigsaDtiig, urns can be uead 
In the hoe of the enemy without danger of betmylng 
the preeenoe of the submarine groiq). 

Aa the eubmariaea of ibe typae at preaant in aristaoee 
have a sobmeiied speed probably ififatior to the lUifMe 
spaed of Uw enemy, end as la that eaas tha enemy can 
keep out of torpedo range, it is fanportaat that no signals 
be tent that might give the enemy wamlag cf the 
pneenee of •ubmariaea. 

It may be wise to hen gtre dednitiont to the tenm 
“Ught oondHion," "awndi oendMon," and "lafaiMQiad 


DundilioD," mi that later nferenon may be understood. 

A submarine in the "Ught" oondiUon has all of its 
wator-ballasi Unki empty and has iu vruMng bridge 
rigged. 

A submarine In the “awash” eonditton has only *!»«««» 
water-ballast Unks empty which are habitually kept 
full when running submerged. Tha fot*«nd-aft taim- 
ming tanks and two smaJUr unh , oaltod the auxiliary 
tank and adjusting tank, ate flilad with Jnst enough bal- 
lut ao that vlwn the msfa beUast tanks are the 
boat will be i m mediately reedy to tunning submerged 
witiioDt further idjustment of ballast. The quMtity 
of water in the trinuning tanks seJ In the auziUaty and 
adjusting tanka, in the "awadi'' eomUtioii. le to -neii. 

in comperiton with the total ballatt. that the nfanariiw 

baa imetieaUy the mme stability and safety ae vdian 
running "liidit." In the "awBah” eonditton a «msn 
seelion of tha bridge may be kqit up for tim lookout, 
and tU eonnlng-tower hatoh may be kept open and tha 
radio rigged. 

A eobmarine in tha “subnMgod” eonditloB tom tha 
baliaet tanka nnd other tanks so filled that then itBl 
remains a small raserye rf buoyansy (0 to 800 peondi) 
and is all ready to snbmaiied runninc. 

For tiia purposa of taatiai, lubiiiiifaMi may badlvldtd, 

aoootdfaig to their eapabiUlto, into three danei, via.; 
he^drf^ coast dstowe. and to kenhdf oaknin 

The taetkis of a group of harbor dsfenee sniiMriw^ 

ararimpie. Thsir Uai^ yabmetiad indlpa a^natd 
do not snable them (0 opsrato to from tha enkaaoe ef 

tha harbor sriddi they an pntseti^.lTte M Of 

I' ““ ** jSjTtoiSSSS 

without giving the enmny a ehw aa to ^ suhnailM^ 
^Nteabonts. Any tom of underrimto 4 ,. 

vtoa in use at tha present lima ean ba aoiuntelylaeatad 

** **** “■■F- apparatue to Iptadng 


ana ouWds of to Iwtofi M Iti iMa tf.tolHn, toft'; 
tort W be BP NtoM 


•uj eraty ntooiCB Hp. F« tUe ngito toM to 

dtoOid pton to a tow hailto 4^ 
ito of an 

ladi hoak of a toW tooU ba Mitawt a oMhift 
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142 fnrt; breadth, 12 feet 4 liichiMi dmuflit, at lurface, 0 feet 8 taihea. I>U|ila.«uiiDt' Hurfn.e. 2nB torn.; eiihnierm-i 300 tonB, Hpeetl; Hurfnee. 12 knnu; aubinenigd. 8.6 kunU. 

One of two German-built aubmartiiea for the Auatrian naejr. 

an protootad, ami tu bo at lunh a dlitanoo fnuii the boat would act rcfiardloaii of the other boata and raiiat with ureater offimt llw aamn dutioa that an now an- 

point at defeneo tliat the oiiomy will novor come within tako the rink of ooliinlon. On thia final nharnn the ni)>- uumpluhud by the harbor dufi-nco Biuup. 

gun nnge. raarlno bulla may Ite rung nonllniinualy to aaaiit Ihn aub- In ooualdoting the taotioa of a group of “ooBat de- 

Moat of oar haibon lend themaelvea naturally to auoh marinca to koep clear of eanh other. Having flrod thoir funeu” boata It it aaaumed that Information haa been 

a method of defenoe by the form of the channela leading torpedoue, the boata aubmoigo totally, and rcloail thoir roeuivod from reliable aoureee, aoouta or shore atations, 

to them or by the preoenoe of ialandi in the vicinity, lubca if they liavo aparo toniedoes. During the period that the enemy's fleet is appmacliing our coast with tho 

A harbor defence group, having received warning from of reloading they may nin at such depths as would on- evident intention of aeiiing a l>aau or of landing a furoe. 

ooouta or shore atatioiiB of the movement of the enemy able them to pass nndtw the unrmy’a voaani, or, if tho Tho group prooeeda at Its highoot reliable surface speed, 

oil tiio ooaat, immediately prooeeda to the ontranoo, depth of the water penuita, they can rest on the bottom in column, in the “awaah” condition, with radio op, 
laavliig tim tendon inaldo the harbor. Submarines until tho reload is flnlahod, whon tlmy should return to to'.nteroept or to come In oontaot with Ibeenemy. The 

anchor in the “awiah" oondltion, radio up, in tho centon the anrface to inflict tueh further attaok aa is poaaiblo. tubmarino, with its low hull, can easily ilistinguiah the 

of tiielr lonea, and keep a lookout for the enemy. By A submarine, having oxhauatod her supply of torpedoes, masts and utlier eharautcriatioa of a vessel whon tlie 

aub-divlditig the total area outside of omh harlnr Into has still a most formidable wts^n in her ram. This submarine cannot bo aeon at all. On sighting the aotoke 

amall aquarea and ualiig short oude words to designate has been proved in several Instances where accidental or masts of the hostile fleet, and having appnidmataly 

■qnans and dimotions, scouts in touch with the enemy ramming haa ocmirred, rictomiinod its course, the entire group immediately 

can easily keep tho waiting group of submarinet in- The liarbor defence group, Imving (udiaustod its moans submerges, after rigging down the radio, ond .proceeds 

formed ■■ to Um enemy's nwvements. of offenon, tliould return to the tender, submotgod, if •ubmotgod at about one half mile distanocs, in the 

Tlu waiting tubmarines, having been warned that in nccn«ary, under cover of darkness, to reploniah tor- general direction of the enemy, at sunli speeds and under 

all probability the enemy will pass oloee to tlwir harbor, peiloea and storage batteries. luoh general irutruotioos as may have been previously 

■n prqiBred and iramodialely get up their anehora ami i<Vir the night defenne of tho harimr submarines re- issued by tho group oominander Tlie Isiats of a sub- 
submerge aa anon aa smoke appears on the horison. main on the surface in thoir lono, being used in this man- marine gn>up, submerged at one half milo distauoos, 

Wltil a moderate amount of tiioir periseopes exposed, ner most oSeetivoly as surface torpedo boats. Tho can easily keep clear of each other, 

a submaritM ean easily ano a largo ship in dear woather taetioi on tho surfaeo os torpedo boats are rimilar to the Tliey sliould thon maneuver to keep a position on 

for a distanoe of 7 or 8 mQes. The submerged group, taetioi employed in surfaeo torpedo oiaft, though as either bow of tho enemy's column in order to insure thoir 

each boat in its lono, romainf stationary until tho such they are somewhat less effioiont, owing to their getting within tor]>edo range hoforo being sighted. By 

movements of tho hostile fleet are daflnlloly asoortained. lessor speed. "torpedo mnge" is meant '2,OUO yards. Tliis approaoh 

By the Hrangement of the sonoo the enemy must pass The dlsUnotlon between a coast defence and a harbor must he totally submerged, with an occasional "porpoise” 
dM to one subtiuuino; tho otiug boata would then move defence submorine lies principally In the greaUr sub- or porisoopo exposure of short duration. When within 

over toward the enemy at such speeds and with Just merged and surfoee enduianco, the greater submerged torpedo range periscopes should lie nxiioand enough 

periMope oxposure to enable them to get within torpedo and surfaoe speed, and the better habitability oondi- to keep an easy bearing on the enemy, and tlie speed 

range wlUraut doteoUon. Onoe within torpedo range, tions of the ooaat defence boat, wMoh gives it a wider inotoased aa much as poadhle to arrive within easy range 

they Imep their perlsoopos eoepoaed and make all speed range of action than its smaller sister, (between 600 and 1,000 yards) before the enemy boa time 

poMfUe to get sritUn easy torpedo range to fire their It wHI be noted that in the defenoe sohemea for oast for a eonoertod maneuvw. Rach submarine ilm its 
torpedoes at that part of the onomy's formation pre- and weet oosats submarinet of the noast defsnoo typos torpedoes at the parts of the formation proviously agreed 
vkmily to them. In this lost maneuver each were referred to. A ooast defenoe group wQI BoaompUsh upon, totally submerges, releads os soon as posable, and 



'ity‘>2ltlf'‘irfrtllf sptratSi ib# dMif'eMdsti mid for stssriag Is s verticil iilsaa le This shows the ronf, sot the flucr, uf tbs submsrlns interkir. The borluntal eyepiece 

VfMdt Wdtarw^ Js a ■Xas whose pdtntsr shows the darih Ol the host The tervsd sad Uw vsrtlesl tokwuiic Inlw arorulateil by ucsoi of tht hind wheel wlum plalua enssiv 
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raturni to the attaok. Uiinic ID-biob torpedoee oaiwble 
of angle flri), a four-tube boat ihould let one torpedo 
to run 6 d«gn>eN to ptirt of her keel, two to run itralght 
ahead, and one to run 5 di«nMa U> itarboard of her keri. 
k The movemnnte of eaoh Individual boat in eontaet with 
the enemy will be depeudunl on tlio enemy's formation. 
A table showing the proper bearings on which to fin 
birpedoos with maximum ehaures of hits has been com¬ 
piled for every pmaihle fannalion, and ie readily undet^ 
stood by submarino olQueri. It is not to be hoped that 
every shot will be a hit, nor that every ship of the enemy's 
furee will bo disabletl. It is to be reasonably expeetod, 
however, with the above mellwd of flring, enough tlamage 
will result from the diseharge of twenty ton>edaes to 
prevent the enemy fnim Bas)raplishing its purpoue. 

With atsiurate kiiuwledgo of the enemy's whereabouts 
oir the noast, two nr more coast defenoe groups may be 
dispatehoit to the ]>rnhahlo destination of the enemy 
to deliver an attack as shown above. 

Hubmarine groups Imving oxhaushd every means of 
oiTenis', ineliiding the torpodoes and ram, should with¬ 
draw sulimergod at low speiMt nr lie on tlio hollom, if 
llial is isissililo, until niglitfall, and Uhiii roturn to the base 
of supplies uniler oover of darkness, e.luuging tlieir 
sUinige batteri(« on their way to the haso. 

All atlaeks so for have Ixsm nssumed at an enemy 
wliieh is moving. HImiild Uie allaeking group disoovnr 
the enemy at anKlu)r, landing troops or ostaldishing a 
base, it slKiiild ismlinun aa above oulUnnd, totally sub- 
meigxli with only an ooeasiuiial "porpoise" of short 
duration, until well within torpodo range, when the poti- 
Huopo should be kept exposed until the torpedos are fired 
at easy range at pre-arranged (Huis of the enemy's 
formation. No speeial dillhiully sluiuhl obtain in passing 
the line irf the enemy's seouU or |)inkets with the sub¬ 
marines running Uitally sulimerged with oucaidonal 
“porpoises." 

After the niload of tor|>uliH« tlie sulinumims must 
set ahsnlntoly Indeprndiintly, ss it is prnhalily imiHissihln 
with llie present laek of undor-wator signal farllilies, to 
eommuniMtv. Ln all easiw the chief duty and aim of 
the group eommaoder must be to bring all of his group 
info a$nlMl irilk the rnemy and inlhin torpedo range al 
the eame lime. Having done (lus, it is up to the Indi¬ 
vidual oonimanding oflieers to pnuluee results. 

A "sea-keeping offensive" sulimarine has been dottnud 
above as a sulimarine wliieh eaii kisip tlie sea, ready for 
duty, under all eondilions of weather, for eonsiderable 
periods. 8ueh a submariuo group uould obtain lU sup¬ 
plies from vessels of the fleet which it soeompanlos, and 
be as mobile os any unit of the fleet. 


The taelias of sash a nbaarias group aftv soatMt 
with the eosany will be tha aaoM m the taetioa already 
deaenbed for harfiar dsfenee aad eoast drfeoee anlH 
marinea In eontaet with the esraaiy. The pabbhB of 
maneuvering anoh a group into eontaet with the anaoiy, 
or, to state the oaao more aeeorately, the proUasn of 
nuuuwvering tha enrmy'a fleet into tiie “aabmtiiae 
danger area," must be aolvad by the oommander-In-ehlaf. 

Aa an lUuaintioa of the nan of one or mom oftoaaim 
submarine groupa aoeompiuiylag a fleet, tat It be aaramed 
that the aubmariiua ham a auifaoe meed oapabta of 
erulaiiig with the fleet at agy ipeed that may be rsquhed 
to keep up wiHi the fleet. Let it nlao be Maumed that 
the submergnd epeed and the mdhu of tha mbmarinea 
is about 13 knots for 1 hour, or about flti knots lor 4 
hours, or about G knots for lA boure—all within the range 
fd present-day pomibUides. Buppoae. also, that in the 
rnilsing formation labmarine gronpa take poaitlon on 
either flank of the fleet The subanrine gronpa are in 
the “awash" oondition, ready for instant uss. The 
eommander-in-ehlef, having raeeived infoimatloa from 
his snouts of Iho presenoo of tha encany, or having 
siglilod the rniomy, diould Immediately send bis sub¬ 
marine groups "awash” off on a beating previouily de- 
oidod upon, and then endeavor to manenrer hie opponent 
into the ana oaouptad by the lubmadnM. 

Thu submarinee may remain “awash*' until (he 
oDomy'i amoke or muta are aighted. It our nomouuular- 
In-ehicf posaessea a superior qieed, he can eheoee hta 
own position, and, having patienoe, ean avenluaUy 
bring (ho enemy into (he tubmarioe area. In this eaas 
submarine groupa should maneuver “awaah" or “snb- 
incrged,'' as is nnnesssry to kaep out of dm enemy’s 
sight, and endeavor to attaok the enemy's formation 
as «Mn as possible withont interfering wldi the move¬ 
ments of the oommander-inrobief. 

If our oummandesvin-ohkf has the inferior speed and 
Inferior forne, and if Hm enemy is determined to bring 
about an aotion, tha probtam of making him oitMi a 
submariiiu danger lune la greatly amplifled. Tbs ap- 
peannoe of several groups of aubmarines within or very 
oloao to Ibo enemy Just before a gnneral gun aotion would 
undoubtedly cause the enemy to ao alter hit ^ani and 
formation that he would be at a temporary diaadvantage. 
Kven If all the torpedoea shot miaaM, tito effect on the 
morale of the enemy would be snUkdent to give our 
onmmanderdn-ehler « temponiy advantage. Moat of 
the Important fleet aotions have been fought in siiriit 
of land or oloee onough to ihoala to oaute the movements 
ut the vesMls in oodon to bs somewhat restriotod aa to 
eouraes. In caaea of thia oharaoter the eommandepln- 
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If tlweomiiwadat4iH)Uaf dMroi to wtOtaiU tita tdb* - 
mailiM attaok until aftar tha guAn^ tha tobm^ 
■rouD *o»tt,i bs knot In tha badkgrtMind wltUn sav 
radio dgnal dlatantw, but in doing tUa tha eommaiwhas 
itonhief wlU pmbaUy find it wffl ha mora dUflanK tar 
tha aubmarlna gnMipa to maha n aqaoaafnl data aanaa 
dta tpnaa batwaan tha engagad flaata, doa to tha lalaflac 
qMedarthasabmaiinaaiobaHrgad. BUpaafthatnaBy 
that are abeady disablsd wonld in anoh enaan haaogaa 
anay pny for the adbrnaiinoa. Buh a itari na pat^t 
eompanylng a fleet ara daeidadly oflaaitra waapooa and 
of tto greatest value wIimi uaed juat prsiadliig a gantaai 
gunaadon. 

A maa wUah ml^t aidst in foreing the anaaay ta kaip 
away from oertaln arau and thus Inaraiw tha ahanoai 
of making tiw anemy caosa tha aubmartna daogar aona 
would eonstal of having the taat Monto of the fleet drop 
numetoua poles, props^ weighted, to float Uptight id 
the water, and palntod to look Him a aubmaiiaa p«l- 
soope. Thsto same dummy peaiaeopsa floating aut of a 
harbor with an ebb tide or dropped ontaldo Iqr Moota 
or flahannea may gready infloaiioe the moveBsnta of an 
enamy lighting them. It ia aortnnaly difflenlt to dia- 
dngnidi between dummy and real perlaoopaa, for h la 
aaay for a aubmarine to lie aobmergad ai^ atatkinarr 
with only a nnall amount of pwiaeepe showing. 

Something of thia Und bu been amoeaffuBy dona in 
fleet nanauvata aaveral dmea. 

Tha night manauvara of a mbmarina eraft an tha 
aama aa far snifaaa torpedo oiaft, and the eanM taetioa 
ai^. Aa there is no poadblUty of “torehhig,” ud aa 
the huO is ao taw in the water, it Is aitremely dlfflault 
to ptak th«n up at night, even in the full rays of (ha 
aaarehUght. The manauvara off Provlnoetown In the 
summer of 1911 demonstratod that in nearly every eaaa 
the aubmarino could ooma within easy torp^ range of 
the enemy at night without detaelion. In a night 
attaok eubmarinoe ifaould runaln In (he “awnih" oon¬ 
dition, lo that in esee of lelf-treaervaUun, or to paea . 
througfa a picket line, the submarine ean quieUy sub- 

It may very well be that whlta I have bean talking to 
you the rabmarine haa again demonatmtod Ita elfeotivo- 
DHi. but whether so or not, it haa already done aaough 
to malm its power felt. 

A we^ion to whioh there It no defenae and no reply 
la one not to be UpiUy put aahle, end no navy wanting 
in adequate number of tabnariiMa la eomptate. 


Commercial Glucose and Its Uses* 

A Misunderstood Product, Necessary for Certain Food Staples 

By Geoi^e W. Rolf© 


Must wull-infurmtHl )shi|i1c know that in the usriy 
part of the last century Kiivliiiff wss tho first to desorilMi 
a sugar nmde by hnlimr staroh with dilute aulphurie 
avid, and that this swovt, sulwoquenlly found to bo other 
than cane-sugar was esllml "gliinHw” or "grepo-sugar." 
later it was tamed "dextnwe" wlum in the progress of 
svienco it bevame noeossary to distinguish the individual 
I mm a whide family of “^ueusos” whiuli had boon dis- 
novorod. 

NoivadsyM, iniwl of us iuivn livani »f “gtuuomi'' us a 
wiitunornial pumIikiI uf doubiful roputatiun. Peopls 
luuk askanen when gluuoso Is mentioned. Ounfoetionon 
and gnuiers make haste to deny that gluouM ever ap¬ 
pears In their proiliirU. (lluooiu< is elassud with harmful 
fond adultnranU, and lias ham called by pure food ex- 
|i«r(s tho "ehamplim Miultorant" of nil. It haa even 
been depieUal in eorlnmui as » devil with hoofs and horns, 
(lluoosn lias also ham callial “mueilage,'' the ImpliiaUun 
hoing that it is only ill fur pusugo-stamin and not for 
human stomauhs. This may hi why many asiooiate 
giunose with glue. The namns suuiul alike and both are 
■tloky, but tho raaaonlng >■ like assuming that all gentlo- 
mon arc gontiloa. Olurosn makes a miller poor adhosivo, 
but DOS who is hard put fur mucilage might eo use it 
arith IndUfcrenl suoaose just as it is posslblo to use tapioca 
pudding, molasses or other sticky foods. 

Turning to tho advertising literature of tho gluooeo 
nianufaetureis, we note that many ominent authtritiee 
laud gluoose as most wholosomo, that it Is the prinnlpal 
sweet of fruits and nue of the Inteimndlato products of 
the digestion of atanh in the human organism, is found 
ill the blood,—and liutilar atatemonta, all of which Uks 
the dtixnplng on« of some pure food experts are “im¬ 
portant if true." 

Notwithstanding that annually botwsen thirty and 
forty mllllun busheli of Indian eorn are made into gluBOse, 


voinjiarHlively few cxnept those engaged In the numerous 
Indusirivs in which gluoose enters, over see the iiroduot. 
Tlio idia of tho general publlo, pn^oiMunal as well as (he 
laity, seems to bo that ^uoose b mostly oompoaed of 
grape-sigpar whieh b made aoeording to the Kliohoff 
mel hud by boiling starch and oU of vitiol and Deutnllxing 
the mixture with nhaik. Many supposedly up-to-date 
uyniiipaedios make suoh statements. 

Much of the ignortoioo oonoernlng (hb important food 
product is due to the following faels: Pore oommerobl 
gluoose is pnotioaUy unknown In boutohnld oookety, 
and so ia not sold m s psviuge oonvonlenl for household 
use. While It b In multifarious food produots (bund 
on tbs grooer'i ahutves it n randy seen thaw In its original 
slate. Thb is equally true of raw tugsr. Tears ago, 
raw open-kettle sugars wore famiiuw to all New Engtaad 
buusewivoe and were used by them In nocking. Raw 
sugars mode by modern pnxwsscB are used to ioine extent 
in England and European oountries, but nowadays few 
of the oitiiena of thb country, oubdde of the sugw pio- 
duoing dbtrioU, ov« see raw ngan. Whlrfi are sent 
dlrnetly to tho reflneries in paekages wriifliing several 
hundred pounds eaoh and in a eondltioa not fit for 


no eliaraeterlsUo Itavor other than sweet and will taka 
any added flavor unebanged. 

Qlueose to not mode by use of oil of vitrol and dialk, 
nor la gluMise, in the ordinarily oooeptad aenie of destnae, 
ita choranteniitie ingredient. The trade nime "|d<Moee” 
while well eetabllshod by eustom of yean to no non 
suited to the present product than Is “ohleride of Uma” 
to bleaebing powder nr “bypeaulphita of aoda” to Uia 
Bonuneiwbl salt sold under that nama. It to trua that 
tho baric proeeee by vrtiioh glueoia b made from etanh 
IS on the Hum of KhahoirB onghtol experhnent, but the 
molbods ora quite different. 'Hia “etaidh milk," a in»* 
paoskm of the gtaonlM in water, b pnaped 1^ taiga 
preewn boilen of gun metal, and ta oooked for ahont 
10 mlnutee with a few tenths of a par eeai of hydto- 
ehknio aoM (commeriiial murUtta aoid) mtcbr a imsauTB 
uf about SO pounds of steam. Tbs stanh ta^ot treated 
long enough by this p ro wase iA aonvart H .anifaaly into 
gr^w sugH.ltrue ghuMse), only abont 30 p« asat bfftai 
prodnaad. There is, In taat, le« Of tha ghieoaa saflus, 
propetly lo eaflad, in aomotmtal flbHOMi.tlnfl oeonr 
aa natural iagiadlenta of aaao sugar m o l iita ta , aad .tar 
less than In honey, uUtb ta onnosad nltaiat MtMy 


doraastieiuo. Qluaasa, like rafintd augar, is manuhn- of ^aedae sngan, nrariy half of wUeh ta flsiMpa’tflta^: 
tarod In emnparativaly few taototias, and these of largo sngar),thtab«lngttwai«taw]itahiqpiiattaon(wltil««ta- 
osfiaelty, tor the maoutaetura of iduoote lequlias a large honey graonlataa 

outlay of oapital and eonsoquently large output. The Oommscotal ginsoea M now aa^ aqtttata*.lM .t|i|ta 
oheapnBM of the produet makee Its numifaetarapiofltabta SOp«aantoftnMgfaMosaSi«m.taakaeib^flaiatitat' 
only on a large eoata. TMi to equally true of sngw. of malt ngv (nititass) otid flenta^ ■■‘K* W 
What b eommeRitai glueonf In goMnl sqiiMsshaas ehemtasl eo(ij)htaWna in tilt appMtinpto Mogitaitati . 
it b a tnosparant, roty vtaeous tinip, often pmetienOy of nine narlt tif intWneii to laran of daitiitau'r jAlMs' 
eotarlM but usually of a tight straw aohir, twMti, bnt santagiBof fataf tagbiaad doitidv,>itd Mb 
with Uttia if any otiMT flavor, Jtar Ibb itMoa, tfnooat, nqqtiMger-ntitgg^flftjHrontaflMlKWilflMattaM - 
Uka sw. ^ bean terniad a ”&atonl .swata”-not d«^ » tar ai^: tita 

neutral In the chemtaal sense althimgh sueh prsdnsta In diffbliiilnls, ' ' . ' .w' ^ 

aro always ebemtaally nautaal wMWn prastiaal ftoita ttasaa tita|* s ta^ iA ff' ta ti iita t, > 

of tataing-but to aaitad bosHte whan pni. tiny bar* 
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.Mrf moMbc ttp BM )7 Uf €( tlH OoOal, wA 
# mmrnr rMOoIdd”) RlwtMm doMty irfitted 
to iNitoK MM*. aoMMM «Tar 99 p« 

MiImA oMmMnU tfneow. TUi eompod- 
band to ba tin noat dadnUa hr Impart- 
iac to llw prodaet ttw inupu iMia ummO aiiitad hr a rirup 
atofbata ba ndaad readily, andatthaeainattinaoni. 
totOLtoWtob aaBoUal naterial to immt ito eryitalUil^ 
atto^'aoMatnOtoiL TUaeolIoldalnattvabomiulani 
the tow MVtoda of dkiidvlito eonddatabto aaManto of 
aanaJOfV aftboaO aryatallbattoB. Sneh a prodoat ia 
paHnWator valnaUa In Ilia pnparatkin of dmpii oouidlaa, 
ptoaorrM, and jaDha, todta apart tram lU uaa as a iwaet 
It Bbo eantaliia naaily Iha masinutm anwont of malt 
lofear that aan ba pndnoad by anoh a praaeaa. 

Tto nat of Iha diaatovad wbataaM of eommaraUl 
'toimaa ohmdats of OJI to 041 par emit of ndiiaral mattar, 
moally oompoaed of aodhm eblorida titm tba nootraliia- 
tiod irith aoda ot tha hydraeUorlo aeld used 1 b th« manii- 
batora, aoIpUtM adiieh are added at variooa alagea, phoa- 
phataa aadotlur aalto tram the natonl mineral mattera 
pTeeant In aalnuta itiiantltles In the ataieh or oomlnc In 
part from tha bmeUaek used in the refining praoeea. 
niaro la also about 0418 per cent of ratragen nomspond- 
ing to five or alx times its wel^t of orRanie aubatanoea 
(ram the ghtten left in the ataroh. Much of this nltra- 
■enpoa natter is not gluten, but Ampler oiganle eom- 
pou n da raaoltlng from the aetion of the sold (used to 
eonvert tiie atareh) on the gluten. These nitrogenoua 
matters haira noefa to do with the quality of the glnoose, 
and it ia on this aoeount that they are of peouliar im- 
pn r tanee altbough present In minnte amounts. The im- 
puiltiaa from the ghten wfaloh are lasa noted upon by the 
aolda, the "albumoaea," give tronble to the oandy manu- 
faotnter by oauAng foaming in hla kettlaa, whila this 
propar ty ia the Joy of the brewer. Iboee ^ten auh- 
■taneee whioh are ehanged furthn by the add, the 
“amino bodlea," tend to make the idnooee darken and 
also Impart a flavor whieh though barely peroeptibla la 
diaagneaUe—bitter or flahy. Manufaetinora used to 
oorreet the objaetlonable offeota of theae impuridea by 
tha additi on of aulphltas to tba gluooae but this was but 
a tempmary aapedient and undednble in a food imduol. 
Ohteo« has bm muoh improved in recent years by 
prnedeally aUmlnatlng the effeot of these fanputltiea 
by moto efBolent purtteathm of the atareh used in its 
maaufaotara. 

The gheoas proeaes does not end with the aoid treat¬ 
ment of the atareh and the neatraUAng, aa at this stage 
the dilota Anip la hr from pure, eontaining oily matten 
from the oorn, same nndeeompoaed gluten and other 
impuridea mostly in tuapenAon. Thii liquor before it 
ia eoneantratad to a strap of about 80 per oent eoUda 
tindergoee a nifliiing with boaeblaek olo^ nsemUiBg 
that of oane lugar, tha apparatus bdng ptaodeaUy 
idendeal—MteAiig throutdi baip uid bonebhuk Altera— 
but In the ease of the glnsoae A1 impuridea affeadiig the 
quality of tha Arap have to ba removed or destioyad 
as there la no purlAeation by otyatalUaadou. 

Henea, glueoae, like granulated aogar, is one of tha 
purest food piudueta In use, however pernMoua the 
prapartiaa that may ba aioAbed to It. 

Bpaaa does not allow a detailed deamiptinn of glucose 
manuhetun whioh is of great intareat owing to die 
numaraui by^pradueta wUah an made, and Aao beoanae 
while glnoaae la the oUrf in output, its manutoBtum 
b <Hily one of many atnreh prodnati ontrlad on nt the 

MBA tiOMa 

The following table, token from an adverdAng oir- 
cfiihr of a manufantunr, Aiowb in a eoiiAio way how tho 
dlfhrait parti of tho oorn komol are udHaed: 
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lag ataroh and andrAy different In ohanotorlatles from 
tha dextrin ingradlent of oommareUl ghuoto; baAdea 
numarana “dry atonhea" used by laondilaa, oonfoetlonan 
and In many other Indnstriei ae waO as (or bouaebold 
pmpoaea. 

At preaant prloea, oommerelal glnoaae, a airap oon- 
toinlng about 80 per cent of the pure oarbohydralea in 
aolution sells at about 2K aento per pound C2e-28 oenta 
par gallon) or at about 9.7 oanto par ponnd of aotoal 
dlaaolrod aubatMiee. la its solo nae that of an adnlter^ 
ant of bettor food matorlala la some food lefonnun 
olaim? Ia glueoae oaed to adulterate our ordinary 
graeory augara? 

It is wall known In the hbtory of the Industry that 
coma 80 thirty yaora ago a Chieaigo eonnorn spent some 
mllUons of doOin and mueh vAuaUe Uma In trying to 
adnlterate Ana groined whito sugars with solid grape 
sugar of high quality, made from the ataroh, but the at¬ 
tempt failed mlambly Amply haeauae the Auft would 
not itoy mixod and the grains “set" in a solid mam after 
a ehort time. In years gone by, gluooao was alio muoh 
used to mix sdth ^aap, poor gio^ molaaaos, making a 
brl^ter, morn attraotive prodaet whioh, so improved, 
eould bo sold at die prtee of higher grado molaaaoe. This 
form of adulteration ia ao aaAiy detected that it Is rarely 
reaorted to in theae days of pure food logiAatlon. Tho 
tost ease which oatne to the writer's notioe was one of a 
New York molasaes dealer who was heavily Aned for 
having a few per oent of oommetnial gluimee in his mo- 
l a m n e, Athou^ hb drfense wan a pbuiAhle one--that 
eomo giuenee was aaoidcntly left in the barrel, old gincoae 
baireb being mueh used for tropieai molamee ahipmenti. 

Qlueoee U now used In a l^tlmato manner to mix 
with canemugar Arup In the praportlon of Rfi per oent 
of gluooae to 16 per cent of sirup, a little nit and lomo- 
timei vanillin b<^ added to improve tho Aavor. Tho 
eane-sugar ibap is usuotty refinery molamee (“barrel 
eirup") whioh impute the principal fiavor. Thoee 
mixed Anipe are eold openly aa gluonte or “corn sirups'* 
and as th^ Aavor is superior to the original molam 
there seems to be no reason why they are not whniesumo 
food prodoata for legittmate trade, even though some 
people than are who prefer tiio fiavor of the sirups made 
from the nattumi none juioes and are willing to pay tho 
higher ptbe for such. Certainly, suoh glucose Arups are 
preferable to the average grocery molMses Ather from 
tha standpoint of the epieora or tho sanitarian. 

CommerAA Auooae b used In large quantities is the 
mannfacturB of cheap jama and preserves. Apple cores 
and akioa from fruit in its preparation for evaporation 
or prenerving are the biuls for moat aheap Jellies; the 
peoten aubatanoo and juice being exUaeted by the uauA 
pronnmm of jelly maldng and mixed with glunoae and 
sugar, forma a Jally nuterU to which other fruita are 
added. Tha bw requirea auoh jelliea to be plainly 
daoeribed on the bbd n that the oomnimer b informed 
that he b uAng a jelly mode of apple and glueoeo with a 
fruit flavotliig, and b at perfeet liberty to buy tho pure 
giuooee-free fruit produnt if he so p^en. What in- 
tereeta the pubHe ta; An theae cheap jellice unwbolo- 
aome, or b there other reasons why the man with tho 
ailm poekatbook thould not buy themT Thb question 
b quite apart from whether they oontaln glucose or not, 
but daab with the aoundnem a^ wholoaomenem of the 
ingredients uaad and the clcanlineaa of theb preparation. 

By tar the largeet amount of tonoo** b eonsumed 
hi ttie manotaeture of candy, the peouliar propertlrs 
of thb Arap mahing It eqieoiAly valuable in thb Industry, 
aa has been axplained. The requiAte for meet eanily 
la that It AiouM not “grain" (eryatallbo), and glueoae, 
owlnc to Its colloidal nature, b the most effeoAve and 
wholesome aubetanoe to prevent thb. The popular 
ImpreaAon that glneoee b used In oandy-maUng bccauae 
it b a aheap auhatltuta for sugar and that its sole funotbn 
b to give Bweetnesa b only approxiroataly oorreot. 

Bow tweet b gluooae rdaUvn to cane angarT De- 
tarminatlona of tha aweetnem of a saoeharine product 
an vary unaathhetoir, owing to petaoDal equation and 
alto to the inAuenoe of the other mixed Ihgrailienta and 
even the phyAeol eondlAan of the subotanoe totted. 

Gbnnnlatad tngar tastes sweet Powder It In a mortar 
and It will taste baa aweot Owing to thb faet it ta hard 
to eonvinee loma paople that powdned sugar b not 
aduHaratod, oltboaih thb ptootbe, easily deteoted, li 


llta on ta gaod prlnApaUy for soap and for m a kin g 
vtoaatoaad ptodneta oaed for rabfaer aubatitate. Tho 
oiHAlto and BMd (ram too oaks an uBsd as eattb food. 
Thfi ohd hwB boo tha atareh. grind with the 
lolnbto togttotB^natod hjr the water used to aeftan 


fto VkiAflMnbAlibrftototH-" TteiltoAiiiiaiiiotat 
lAati tobMtoto ^ toanh,^ b tha nw mataalal ter 
maP<Nt (kd Mfoot pbidi whbli ire aeU tudsr tha 
. “aonsaiBk" (“mt* 


pneAmlly unknown at preaant A quarter of a grain 
of qniahie mixed bito a pound of grannlatad sugar b 
said to maka It toots awaetar. Oommon mit In small 
qoantitbs will Imprave tba iweatnan of eaka and other 
sweat foods, oa all aooka know. Raw augan, avan when 
thiv contain nagUglUe quanritlae of the aweetar mother- 
Arupa, taata dtathiatty tweeter than grannlatad sugar 
■UhM^ their aotoal mgar oontODt b bai. Thb b due 
to tha aalta and axtraoAve matter in tha raw prodnet 
and It b why many eooha Agh for the oM-foahioned open 
keltb aekar And even pref« Aie reflnara' imitation ge^a 
to firaailated in makbag thAr apple plea. 

RalatiTa taAa of Oo iweotnoas of eano wgar and 
gtooBto (dMtraaa) havB been made by dUnUon axpeii- 
iMAto on toa »lm ngfito. Iwt at for as tha writer knowi, 


no nlaAve (etta of tha swaetneaB of oommarobl glaooae 
M now made have boon pubibhod. Taking thb value 
to ho 0.6 for the aoUdi in gluooao, sugar at 6 oenta it 
nheapor aa a iwoeteaor than glunoae. 

Aa a matter of fact, very llttlo naiiily ta made with 
glunusc as tho only sweat. UaiuUly, candy eontalna 00 
por coot ur more at oano sugar, Iho awootoning of tlio 
glunoao being of muoh leas importance than tho other 
proportiea it imparts to the mixture. 

It tnoma reasonable to infer that commercial gluooao, 
rather than buing a aorious competitor of cane sugar, 
has tvally inenasod the oonaumptinn of the lattor, 
capecially in candies. Bccauao of tho groat advantaget 
from the use of giucoso in candy-making, the industry 
haa had an Imiiolus which has gnwtly inercosed sugar 
consumption. 

Tho rebUve wholesomnnoes of candies made from 
gluonte and those made from cano sugar haa never boon 
deoidfld, and may never he. Tho dextrins of “giunoae" 
aa now manufactured are in groat part in combination 
with tha malt sugar and as>m in every way identical 
with the malto-doxtrins nhlaincd by the action of malt 
on starch, and arc digested moro in the intcaUnos than 
In the stomach as compared with pure sugar oaudlas. 
Whether this u an advantage or not, the phyAoIogiata 
must deoide. 

(Ilueose is cxtenalvnly uaod in industries not making 
fiHid produots. It is mod In cheap soapo, for “(lUlng” 
loathor and tanning oxtracls, and as many of its uses 
In suoh Indiistrino are apparently (or adulteration, suoh 
praotiecs have no doubt aildnd bi its reputation aa the 
"ohamplon adulterant." As wns pointed out in an 
article in a previous niimW of Sritntf Contpetixa, No. 
2, 1013, on llio industrial uses of sugar, the highly 
rmpaatablc lioat sugar of 00 per cent purity is used in 
Kuropo for precisely the samo purposes, the cholco be¬ 
tween sugar and ghienso as a “filliir" being moroly a 
matter of price. Cann sugur haa also l)eeii useii nxton- 
mvely to "nil" eoal-lar dyss and adidlcralo oliooolato 
without having its resiMs-lahilily serioudy impugnod. 

In view of tile undoubted comninreial importanoo of 
glucose aa a fotsl pimlucl it would seem aa if its value 
in dlotelics and food economics, as well as its relative 
wholesomuncss, ought to bo studied in tho light of a 
proper knowledge of its special rbuacirristios. To call 
giucoso “muiiilage,” or to aacribo to it propsrtios of a 
dextrose solution b either Ignorant or dishonest. As far 
aa the use of giucoso os an adulterant is concerned, it b 
the function of the Pure Food Taws to protoot tha pnblla 
from these praetincs, and such obvinusly are quite apart 
from tha lagitimato and open use of giucoso, sugar or 
any other cheap and wholesome food pnulucl aa a satls- 
faetory substitute for more expensive ingroilinnts. and 
the propnoty of such a suluitituto always will bo Its 
suitability for the purpose and Its cost. 

If logislation Is approprialo for forbidding tha ex¬ 
travagant claims of manufacturers and dsalen as to 
the suporinrily of tlioir food products, why not legislation 
to prevent incspousililu statements of "pure food" 
autlioritics which nro ooudeninatory? Ce^lnly, the 
one is fully as ImporUiiL for tho public interest as tho 


Protrctinif StcBin Boilere 

In Inrgo stenni power plniits It Is vcr.v ilrolnililp to 
keep a cnrvful and eoiiHtaiit wiilcli mi the feed wntcr 
to guard Against the eiilry Into the Mlere of siiy eiiii- 
Inmlnatlug snbetance Ihnt might ennso scnio nr Irregu¬ 
larity of working, fur It hnn bw'ii found fhnt prcvpiitlon 
Id such cases la much cheaper Ihnn cures, both In re¬ 
gard to labor end In loss from tuterrupted opcrnllon. 
In one of the large l•lpclr1c gcncrulliig sintlons In Now 
York salt water Is iisisl fnr iisilliig tin* rondciisere. and 
to Insnro thnt none of It guliis nrccMM hi the iHdli-re 
through a suddenly dcvolo|ilng Icnk lhi< cmideiiscd 
water Is tested cverj- hour by titniticin nllh nllnilc i>f 
Alver. ThU frequent testing Is nccewmry Issiium'. In ii 
plant of the Axe In question. It would lie but n niHlIi-r 
of a abort time for s cumparullvcly smnll Irnik to ninkc 
a decidedly Injnrluus ndillllnn to the feed wiilcr Ik>- 
Adas this teat, tho viuitenlH of the Isillcre llll•lll»clv<>H Is 
alio tested orav a dny na n clirrk, lint the luiiirlple 
dapandence is placed on Iho scnillnj of the condenHcr 
water. 

LmemboorK Bridge 

Tnx Adolph Bridge at T.uxembonrg Is mnistnicted on 
the dealgna of M. MJoiirnd. a prominent Pnria engineer. 
Hla IdM b to reduce the amount of masonry for a given 
width of bridge, for Instanre in a slngle-arrh apnn, 
and to bolld two arches aide by tide with a apaoo bc- 
taraen them. TTpon the pair nt arrhea Is laid a rein¬ 
forced eoneretc floor. Span of the T.uxembonrg bridge 
la about 280 foot, and the ptotfonu la 136 feet ahora 
the level of the atream. Width, 62 feet. The atractura 
coot 88004100, which b fllO4n0 lata than the coat of a 
fnll-arch bridge at the atma kliid. 
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Frmdi ■urfeon Inipcctinr lib Mlow prlmmen ia CcraiaBjf. 


CHp^ irarUaff at tradaa hr bM aT attUdal Nnha. 


An Exposition of Military Sanitation 

Showing How the Sick and Wounded Are Cared for in This War 


An efflnieiit unitary mvinn ii a nmeuity to armloa 
for hunuuiitaiian u well aa praotkal toaaoiu. It la. 
In faet, of the UKhett importanoe that patienta ihould, 
if poanbla, be fitted to return to the firing lino u aoon ai 
praotioabla, while thou unable to renune fighting ihould 
at loaat be in a padtlon to take op thrir pnrmiite at home, 
and not become a burden on the itato. Humanitarian 
reaaona are, of ooutm, abo taken into oonalderaliun, and 
private aa well aa publio eharity find ample aoope fur 
their patriotic nndeavori In the inlcroita of the im¬ 
mediate vtelimi of war. 

While itrategy hu, of recent yean, undergone a pro¬ 
found revolution, aanitation haa alao made enormoua 
■tridea, availing Itaelf of all the lateit aohievnmenta of 
mediaal and phyaical anleiMe aa well u engineering. 

The vait field of wnitation in all ita varioua pliaaea, 
aa it ia practleed in the praaent war, la aurveyed in a very 
attraolivc way by the Kapoaitlon of Military Hanitation 
being held at Berlin. Thia inatruotive ahow oompriioa 
not only all olaaaua of aanllary equipment, modela of 
meani at conveyance and aaiiltary bulldinga, but a 
model about 12 metera long whioh repieaenta a aeveral 
daya fight for a fortified town, thua affording an oppor^ 
tunity of iiliiatratlng in aD Its detaili the work of the 
unitary oorpa in actual battle. 

On untering the ospoaitlon we arc at first atruok by the 
model of a ship hoipila), which, in full rise, reprcasnta 
all the arrangements usual on war ehipi. Parts from the 
ships of the German navy have been uaed in mounting 
this model, the medical inatrumenti and other utonrils, 
ai well u the ehembil'a ahop, being Ukewiae derived from 
the navy stores. The mwlel illustrates the arrangements 
provided fur peace and war use, showing, for inatanee, 
how the wounded are Iranapurted on aUireaaea and 
through hatehee, in a apeolal hammook developed during 
many yu^' trials in time of peace. The dressing 
stations, equipped with all lurgioal Implements are, of 
oourse, initellod in those parts of the ships which are 
leut exposed to the enemy’s firs; the operating tables 
are provided with spoolal damping doviou allowing fur 
the ship's muvementa. Whon an engagement is over, 
tlin remaining hospital rooms are, of oourie, available. 
Movable berths, adapted to the rolling and pitohlng of 
the ship, are used. Amy seriously wounded are, however, 
at the oariioit poaeible moment, tranifared to some 
hospital ship or to a naval hospit^ In a harbor town. 

Adjoining this aeotlon ia the moat important and ox- 
tenaivn department of the expoaitlon, where the lanltary 
eervioe of the German army la illustrated in all ita details 
by nutans of modebi and actual equipment aa used in 
eurrant praotiee. 

As in all other modern armies, the sanitary service 
Isigini with the dressing package which every soldier 
uarriei about him, and which enables him at any time 
to aitply a Ifani dressing to himself or some wounded 
rommde. Whenever any further care is required the 
aiubulaneo staff take charge of the patient. It would 
be too lung to dceoHbo the whole mechanism constantly 
at work in reoelving and evacuating patients. The 
most Important phases of this servioe are, bowaver, 
enumerated in the following: 

Every large detachment, c. g., every infantry battalion, 
has a apeoial staff and seme material of its own, whleh is 
taken olbac to the firing line, and initalbd in a ahritand 
poaithm. Suoh truopa as are equipped with vehieles, 
q. g., the artillery, do not require any sanitary ean. 
,49^ from thesa artmigemente deatlned tor rendering 
itafi help, each army oorpa iaeludas tbres ambnIanM 


By Dr. Alfred Gradenwits 

companies distributed in aseordanoe with aotual require¬ 
ments. and whioh oany not only more abundant sanitary 
material, but a oertain nomber of ambnlMtee ean, as 
well aa a luppUea car and fleld-kitehen. Tbe work of 
these ambubnoe oampanica it oenteted on a main dressing 
station, whenee the man aearoh the battle-flehl methodi- 
oally. However, the wounded are, at the earUeet poaai- 
ble moment, evaeuatod from tbeae dnMint stations; 
those only slightly wounded win often be able immedi¬ 
ately to return to their division, while the balanoe are 
taken either to a aanvaleacent oamp or to a field hoapital, 
of which each army corps hat twelve. It being deafirable 
to get tbeee hoepltala in readineie for any further work 
that may turn up at the earliest peasiUe moment, a 
point ia made of clearing them ae aoon as possible, 
patients being returned to the front, if their oondltion 
permit, or turned over to one of tbe larger hospitals in 
the Udb of oommunioatlona or base, tlerman pnotioe 
in thia war haa so far been to send borne as many pa¬ 
tienta aa poBsibk, to be treated either la some large 
hosplta] or in their famih’es. This, in fact, not only 
prevents the hoepitala near the theabs' of operationi 
from beooming overeruwded, but exerts a moat benefloial 
offoot on the monils of the man. 

Apart from etatlanaiy hoepitala portable barracks are 
used to a large extent, in faet wherever no adequate 
building! are available. Thoec bairaeka, which are 
fully represented at the expeeition, are readily hiatalled, 
taken apart and oonveyed to any place whore thab 
servloee may be needed without the aid of skilled work¬ 
men. Patient! auffering from oontagtons diaBaoe an 
housed in special hoapitali. 

The atraognmenta used In transporting wounded and 
siok are likewise Uluatrated by actual outfits as well aa 

models. While being used oceaaionaUy for the towupwt 
of sanitary material, X-r^ ontilto, etc., automobiles 
play a much more important part as a mcaM of eon- 
veyanea for invalids. Motw buses eonverted Into 
wnbulanoe oate am shown side by side with all the 
various lyatems of motor ambnlanoes derigned of late 
yetre. 

Railroads and ihlpi are, of course, mainly uied In 
ounveying the woun^ from the theater of operatioiM 
and tbe faaae to their raqwotive home diatriote; wbw»- 
ever required, the Oerman eoipe of engineers will install 
at short notice rallraada for military uie and for large 
soak invalid tranaporta. Apart from Improvised anir 
bukooe wagons, tho arrangement of varioua ayitama of 
ambulaam traini proper ia Illustrated on aotual apeel- 
meaa and modals. The dlitlnetive feature of thtee 
syatema generally ia the elaatie mspanakn of the beds. 

The fighting of dlaeaie and epidemioa in war is tha 
objeet of another department of tha exposition. When 
it is eonaldmd that oontaglonB disease baa, in moat wars, 
wrought even heavier havoc among the armiee th«n the 
projeetika at the enemy, the importanoe of tUs eahjaet 
will be readily understood. Foremoet among the means 
used in this eonnaetion shoukl be menrioned Ae various 
sera, whkh have lately been deveicqped (o meh im- 
pwtanee, eapeoially in the ease of diphtheria, djmoteiy, 
meningitia, and quite leeenUy, tetaima. The »a»m- 
faotDie of that! aera CbumUj derived from immimi^ 
horaei) is iUuatratad in two pktnrea, wfalk a third ahowi 
the way of uting maolBcitk eerqm. PPophyiaotio In- 

aad typhM fev e r a eo crdlnt to new proiimii nkoom- 

*""t —r‘~r"* *~ r— * — Hfriirki tnnikai i ui 
by |diotogn«hs and ttalMo Ubisa. Tha dtnn pn- 


eoates of dUnfeotion, of eknaenUry importanoe in the 
fight wiA epidemioa, are, of aourwa, dealt wiA In great 
detaU. 

Realiaiag that tubenukris ia a fhetor of pammount 
importanoe in the state of healA of a natioa, and, ao- 
omlinifiy, Ita aptness for mlUtary sarvloe, tho army and 
navy have, for many yean, beatowed eepaebl attimtb>n 

onthladlieaae. A ip^ section of the depwtment last 
named k therefore given up to the meane of fitting 
tnbennloeb and itatiitleal retone on thek efleeliveneaa 
Sofferen tram tubereuloeif are, ot eoum, kept away, as 
far aapoaaibk, from tha army and navy. Whensrerthe 
dlseaaa deVekpi In oouno of swka, patients are dls- 
obarged and am, if neeetsaiy, planed in somo sanatoriain. 
Ikom tide department we enter that given np to X-ny 

■nifkal iMaotiee, X-rays pky an eapeeiaUr important 
part in military surgery. In faet. even the aniallaet 
Qennan army or navy hospital oomprisss a oompkte 
X-tay outfit, used not only in dkoovei^ and koating 
foreign objeots but in watebliig the healiiig preeeae of 
frsotared Umbo and alkwtng any diq>laoement of tho 
fragmonte to be rifeetually prevented. A number of 
■peoial appamtus, traiMportabk and portehk outfits, 
eto., am on show. 

Another leotiim is devoted to tbe dentist’s in 
war. In the modem fertifleatkn war, the munber of 
wounds of the head and, espeeially injured Jaws, is 
partkulariy great, Ana affording ampk seopa for dent¬ 
ist’s work. On Ae other hand, than Is As ptophybetk 

treatment of etharwiae haalAy aohUera, a man suffering 
from lootbaohe bring praetkally nsekm from a mlUtaiy 
point of view, whik Ae pw oeoee of fariou in or near Ae 
jaws, in tho event of a wound, greatly Inereaaeo Ae risk 
of infsetloD. All these tasks am illustrated in a sMkfaig 

manner. Wo see Ae dentist at work in his fanpiovlasd 

oonsulting room, wlA a mori ptMtkal portaUe onttt, 
sperial Uads of dnreing bstag demonatrated on moHui. 
The use of X-rayi for the sperial puiposee of As dmtfit 
is Ukewiao shown. 

Wo now entsr As department Qhistaating the tedud- 

oaUtke of mnriiig, irideh art hoe. eqrerially of late yaon, 

nadatgone snob a rapid devdopnuak TIm eateiMlve 
material is distributed in aeconUnee wiA anU^ia, 
ptlnripks in ten eohins amngad alo^de Ae waffs. 
We thus soquoint ounelves wiA As —»■« of 
patknte. As prinripks gorenring Aa drare of invalids 
a^ aM^ orrengoMts asril to hasp patkn 
okan. In a fourA eridn, Am an toohnieol omago- 

for adadidstorirei"ma<UBfar‘The vad^muw^ 
oponiiig a patient’s bowels mn found in a'onWn at Arir 
own, os an the methods for wanning ^ad sooBm pn- 
tknta. Appoiatas for Ae aotivo and fa^m 

of Mw akk and wonndtd and meoM of instraetion in Ae 

torimkaUtke of nuiriBg ore lUnwko qn dunr. Thm 

k flnaffy a ipaaial axIdUtlon^aa sorti of msAbda and 

Another moat inatmstlTe doportaunt ia Aat dovofod 
to Ao oore for eripplaB, whm all At vre^ou toau^ 
^ btootoiiig oripptod fire 
oetan. TU taaiafag of 

Hhtorii. flfa^ Au. dtowfag A. aolutlonT*' 

mgm todtl pntlilm. *-«|T*-r rritisiiJ 

bp Bforiao flgimo, one of udkto, afoMtw fo A iM 
PtUitkM. plagt An 
oMa otoa. Aou^ 
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lagii w«rkMl merrily away on Iba lathe. How thla ap- 
panat mlraaW la mouffat, what arrancemanti aerve a« 
artifloial llmha and by what meant the erippla it enabled 
to haadla any tool with hit mulltated annt, it fully 
Oloatratod. The OemuB anthorltlet are oonfldent that 
all war oripplaa will be able to work at turae craft, and 
not be dependent on obailty. 

Volantary tenltatlon la war time—the oiiaalaatian 
and work of the Had Croat Sooleliet and orden of knight¬ 
hood—la rapnaented In a mainly ttatittioal department; 
and Uu Inat teetlon aUowi the Uatuy of military tanita- 
don from aatlfuitv, through the middle agoa, up to 
modem tfanm to be itodied from a large ooUeetion of 
hiitorioal objeoU and pioturea. 

Modnm Th«oriM of Graaitatloii* 

Unmnaat. grarltatlan atUl remalna aa myaterloua at 
It waa two aantnrlaa agoi Hneetdcal, magnetk. and 
other phyalotl fpreat are dapondent on the nature of 
matter, and they cau be aubjactad to Infloancwa that 
modUv their Intenalty and eSeeta, bat nnlrMeal grarl- 
laUon, Intangible and Immutable^ deOae the art of the 
experimenter. The wel^t of a body doae not change 
whan the matter of whldi It la eompoaed paeaea from 
one phyakal atate to another, or eren when It nndet^ 
goaa the moat proftrand dhemhml alteration, and the 
aecderatlon of all bodlae OtlHiig in a vneunm la exactly 
the Mmei No modUaaUon of the mntoal attraction of 
two bodlea prodnead by the Intaipoaltlaa of a third body 
hna erar bean dateetad, and U moat be admitted that 
grarltatlon can paoa throngh the whole earth wUhont 
being anmdably waakenedi In n word, nothing In 
grarltatlon can be altored. 

mectrical and mognetlo fOcoan axhlbit a connldetnble 
analogy with the force ot graTtiy. The attinetlona and 
repololona of electrUed bodlae and magnatlo polea obey 
Newton’a law, and the oame eonaUani apply to theoe 
and to grarltatlonol phenomena. The potential of 
grarltatloa and the eleotroatatla potential are dedned In 
the oame manner, and the eqaatlann of Laplace and 
Potoaon apply to both. Bat can the analogy be carried 
fnrtharf In eleetrlellT an Important idle U played by 
the n««otnn« In which daotromagnetlc eftecla are propa¬ 
gated with lha Tdoelty of light la gravitation pro- 
dnoed In like manner and propagated throng the 
ether with e flnlte velocity, perhepa equal to that of 
light? 

IUb qni at lfln la of fOndomantal Importanoe, for oqnal 
vmoettlaa ot propagaHoa of gravUnUanal and alectro- 
magnatlo aBacta wonld anggaet a doaa rdaUoo batwean 
tho two phmMinina, 

dwratal yean ago H. A. Loranta (ropooed on elaotro- 
magnatlo Umoty of giavltntlaii, boaad on than recant die- 

of tUe theory oontaln the voloettlae of eleetrlfled pertlelaa, 
matfvely to the ether. Bo k«g aa two dectrona are at 
teat tMr mitaal oetlaa la glvon ty OonloBb’a law, bat 

panda o« the ralloa ot thafr velbdtiaa to ttha of lihgt 

Tha naw law ot attraeUon dlflan tram Mawton'a Uw 
by Ot IhdMlon ot tana whkfc dopand on tbomotkoa 
of lha bodlao ondaan ba dovalopad in oarlaa ot aacandlng 

^dwatp of and y. la wWoh ai and tt daoota tho 
tha two badlpa, aad V danotei tha vahwity 
.of.H^lhh Xha ttamalog obtalnad oontaln no tarma of 



An Important queation la now praeented. Do ob- 
eorved natrunumlcal phenomena permit na Ihua to mod¬ 
ify NewtonV law? The ratio yia about 1-10,000 for 

the earth, 1/0,600 for Venna, and 1/0/200 for Mercury. 
The effect ot tho terma which contain tha aquarea of 
Buch small fractloiia la alwayi exceedingly amall and 
very dlfflcolt to detect The Imigitnde ot the peribcUon 
of Mercury la found to be aubject to a iiecnUr vailatlou 
which doea not appear to be attributable to the attrac¬ 
tion of the other planets. Thla la one of the taro 
phonomena which ahow discordance with Newton'a law. 
Lorenta compotea the aecnlar motion of the perihelion 
at 4 aecenda, which bi about one tenth of the observed 
dlacrepaney. The moUon may be dne, however, to the 
attraction of a awmrm ot amall bodlea surrounding the 
sun. The existence ot such a swarm has somctlmos 
been asanmed in order to account for the aodlacal light 

Lorenta abandoned his theory after the publication, 
In laoa, ot Blnateln'a principle ot relativity, with which 
tbe Lorenta theory of gravitation dlaagrtssi, in reUtu- 
lug the old lawa ot mecbanlca, and also In bitrodudDg 
tha movement ot the entire eolar ayatem relatively to 
the ether. 

The momentum, or quantity of motion, of a body Is 
usually defined os tbe product of Its mass multiplied by 
Its velocity, but in “refaitlvbit” mechanics this product, 
*/ ^ »• 

ow. Is divided by V 1 — and tbe kinetin energy •" 
mV* divided by tbe same metor. In ttaeee expreaalons 
« denotes the velocity of the body, F tbe velocity of 
light, and M may be called the '^»natant maas." It Is 
often advantageous to introduce a "variable maas" M, 
obtained by dividing m by tbe above-mentioned factor. 
The momentum then becomea JTv, and the energy JfF*, 
plus a conatant 

A rebtlriat theory ot gravitation bos liven developed 
by Poincare and HlnkowakL It we know tbe force ex¬ 
erted by a motlonlem body npon a moving body, tbe 
principle of retaUvlty euablea ns to calcnlato tbe force 
acting on each body when both an In motion, and enn- 
seqnently to determine tbe motion ot each body by 
means of the aqnadona of leladvlst mechanics. The 
problem la not quite determinate, beeanae tbe principle 
tells ns nothing of the afiect of a body'a own motion on 
the force exerted on it by a body at rest If we take 
tbe mnlnal action of two dectrona aa a model, we an 
led to conclude that the foroe thus d^laad b Indepen- 
deut of the velocity and reducaa to the Newtonbn at- 
tiactbm. On thb bypotbeaU De Sitter baa compuied 
the variathma In the ebmmits of pbnetary orbits and 
has found 7 teeonds tot the aecular motion of tbe peri¬ 
helion of Mercury. Thb reanlt b doe entirely to the 
new definition of momentum, and Involna no modtflea- 
tlou of Newton's law, ao fiu oi tbe force acting on the 
planet b concerned. 

BUnatelii's theory of gravitation dlffen from tbe pre¬ 
ceding theory in that It bade to a force differing 
slightly from the Newtonbn attraction, even for a 
planet at rest Its pidnt of departure ta a very remark- 
abb deduction from tbe principle ol rebtlvlty. Aa the 
Unetlc energy ti aqual to JfF*, pins a conatant, It fol¬ 
lows that avacy varlatkm in tha kinetio anergy Involvce 
B variation In if, the "variabb maa," which may be 
e xpr eaMd by wyliig that energy Uarif poaoMMa or rep- 
raoanb a oactaln maos Hanoe tha weight, it It b pro- 
perttooal to the moig, b Ukawbe tneraaaad by any 
iseraooa In tho klaaUe anaegy, and aU Unede mttgj 
(that raOlatta. for axaapia) pomm wrigM. 


Abo, to aoy that a material point b acted on by a 
force b equivalent to laying that lb momentum b 
rbniiKliiK. As tho motion of momentum haa been ex¬ 
tended to electromagnetic waves. It foibwa from tho 
preceding coualderaUotts that the velocity ot light b not 
the same at every iwlnt ot the field ot gravltaUan. 

If a body acquiree a velocity s In failing from one 
point to another nnder the Influence of gnvltatloa, the 
velocities of light at those two polnb should differ, 

aeeordiDg to Einstein, by about 

'i'hls b Elustelu’a theoa of gravitation In lb flrat 
form. Ub Incenant eflorb to Improve It have reanlted 
In tbe admirable theory which he haa recently pnb- 
Ibhcd, In colbboraUon with Orosamann. 

In Ibb Improved and very complex theory, a field ot 
gravitation b ctaaraebriaad, not hy a alngb potanUal, 
but by ten parameters which depend, In general, on the 
geometrical oo-ordlnalea and the time, and whose varia¬ 
tions determine all the effects of gravitation. The 
application of the theory, however, b aimpUlied by the 
fact that many ot the terms are too amall to produce 
observable effecte. One ot the Um paranwtera b pre¬ 
dominant, biting the place ot the slngb pobntbl ot the 
old theory and the variable velocity ot light ot the pro¬ 
visional theory. 

The Improved theory leads to tbe conclnilon thst 
gravlbUon U propagated with the veloclly with which 
light moves In the absence of a gravlbdonal firid. Tbe 
expression for tbe attraction exerted upon a pbnet by 
tbe snn mnblns, In addition to the principal tamiB 
corresponding to Nawton'a bw, terma ot the aaceod 
order ot magnitude that depend on the planet’a motion. 

Einstein baa polntod out some reanllB of tbe theory 
that may, perhaps, make it poarible to observe eimnst 
directly the variation ot luminous velocity in a field at 
gravlteUfm. 

First: A tumlnona pendl ahonld be curved by the 
InOueoce of weight. Tbe change ot direction would be 
quite Insensibb to tbe terrestrial, but very much greater 
In tbe aobr field. Blnatoln calcubtoa that a toy of 
light coming from a star and graxlng tbe ann'a surface 
would be bent bward by 0.88 second. Increasing by tbat 
amount the apparent angular distance of the star from 
the sun's Umh. Thb effect might poaalbly be obaerved 
In a total sobr eclipse. 

Second: If light coming from two aonrees ot differ¬ 
ent heights ta examined with the same qioctroacope, the 
spectral lines of the higher sonice ahonld be a little 
nearer the violet than the oorreapondlng Unea iff the 
lower aoDica Thb effect also b abeolutely Inappre¬ 
ciable III tbe terrealrbl, bat not In tbe aobr field. For 
two simitar molecnlcs, situated reapwtlvely on the 
ann'a snrfhce and at the earth’s dlatence from the sun, 
the difference b about one bandredth of an Angatrom 
unit Hence, tbe Fraanbofer lines of tbe solar spec- 
tnun ahonld be nearer the red, by this amonnt, than 
the correepoiidlng Unea of a terrestrial aontca Db- 
placementa ot thb order ot magnitude have aetnally 
been obewred. They have been attributed to effecta ot 
pressnre and movement, bat they may be dne to the 
cAose bj 

Tbe onlj Importut dUterence between tbe electro- 
magnetic and gravitational fields b that the former b 
determined at every point by als panmetm (the oon- 
poneiita of the ebotrie and the magnetic tone), and the 
tatter by tea In each ease the field b the seat ot mo- 
mentna and energy whbh it can Impart to, or reeatve 
from, nutter. It b quite poaalbte to rtgard both flrida 
with all ot thair propartba as iwnabWiig it dUtaant 
modlficatloiw In the Intamal eondltlon iff the aoma 
atibr. 
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Salts Colored by Cathode Rays" 

Their I’w'uliar Characteristics, and an Endeavor to Explain the Phenomenon 


lii'iiiiililt^-vlvlil colom lire iinnliiced luiuniHntely on 
lliene HullH.' Tbiu commiiii xiilt lieniineM yellow-lirowii 
(like umber), putiHuluiu clilurlile liiriiu Into a iH-oullful 
\lolel, iKilUKulum brumlile lieeomee n (le<ii bluo color 
c|iil(e Ilka copper milphule. Here you uee u Hpeclnien of 
(iiuiuiun salt truiwrunned In IIiIh way on (he Hurfuce of 
llie elugle cryutals Into a yellow-brown nilmUiice. I 
hIiow uIhu Mulliim tliioriac, which tukcH a tine ruay color. 

ITie niloni wi Hii|iiln<<] In ii very Hiiiall fmcllou of ■ 
Nccoinl mil) lie prew-rveil for u long tliue, even fur uiaiiy 
)i«rs, ir I he colored HubHlaucea are kept In the dark 
1111(1 III Ion leiniK-riilun'H. Hut In (he diiyllRht, uiul nlao 
iiniler lieul, Ibe colorH will itrudually dlnoppcar until 
Ihc orlKliinl white condllloii In renclied URuln. 

The colorH of dlirerent wiIIh lire eeiiHlIIvu to henllng 
III 11 very dlfferenl degroo. I could Hhuw you the yellow 
wMlIuni chlorldis preimrod Home uuinihu ogo In Kuru|ie, 
bill 1 ciiiiiioi Hbow you here thu vlulet ltd and the blue 
Kllr, Ihcuiku! IIICHC iHilorH, even In tho dark, du not 
Hiniid llic heul of tlio equator. The aamo oalt. If dlH- 
miIvihI, may keep very different coloni, according to the 
iiiedluiu In which It baa been dlKHoIred, even when the 
pure luedliiin Itaelf cannot be colored at oil by cuthiMlo 
niyn. I am HiHuklng of uniid nolHtinwi, produced by 
fiwliig II Hiiiiill iiniiiillty, for liiataiKM-, of coniiinin salt 
or of ivrlaln other alkali Mnlln. logellier wllli ii great 
niuHM of II Hiilt wbicb remuliiH lUcIf culorleHM In the 
eiillnah' rayo. hh, for exuuiple, the pure iKituHHluiu anl- 
pluile. I<llliluni ehlorhle aisiulna ti lirlglu yellow color 
III Hie cnibiale hijh; but if dlHaolved In (lutnaiduni Hut- 
phule H nine line In priMuced, uh yon uiuy nco Iu IIiIh 
M| a<cliucn. rjkenlHc the pure cnrhoiiale of |ailUHHliim 
iioipilreH u reddiMli tint, hut lifter dlHunlvIiig It In the 
INilinaduui milphate II becoiiieH a vivid i/rccn In I bn 
ciilliiHlo ni)H, ua you mm here. 

Very niiiiiII adnilxtiircM are kufflcleiil (o priKlncc In- 
leiiHH ciiliirH. Ho l/S.T,0un of curlaiiuilu will pruduco Iho 
griH'ii color In the (wlumlum Hiilphale; even 1/1(10,(1(111 
glvcM a luarkml color, and iin iitnonnt of certuln admix- 
(nri*i, wlileli 1 eMlIniated iih 1/1,(310,(1(10 onl.T, may pro- 
diMv a alight lint qulle (a'nvplllile colortitlun In auuie 
Hullx. .So It )uii work wllli lailiiMNluni aiilpbato which 
you obliJin fnini clieniicnl fiictorlea giuimat(>od aa cheiii- 
IcHlIy pure, you may oliacrre a ael of i1i(r(>reiil colora In 


you will ilHect the nature uf ihe dllTereiit miiiiiII udmlx- 
tiireM wlilcli iiilhore to tin- prcleiiileil pnie iireimratlnua 
of Iho different fadorlcN. In IhU way a new anal)Ileal 
pnaif, much more oeliHlllve Ihnn the ordinary eheuleal 
niethudo. In ubtnineil, iiml liiiiHirltleu may he delected 
even when a cerraln NiKi'liueii of hhII coiitaliia mote 
lliiiii a Nliigle liiipnrll.v. iHfiiiiNe the colorH iirndiioed by 
dllTrn>nl iidiiilxliircN gcin-rully dlHnpiaar with dlfferenl 
N|a>cfl In llic dill light or iiialer Hhc of leniiicrnlurc. For 
IiinIuiicc, llic onlliiiir) iNiliiKNliim milphate liiriw to a 
ihirk gray nllli u Hliigle greeniah llnl at llmt. After a 
Hliorl nlille llie ret) NiMiHlIlve gray will dlHnp|M-ar, irim- 
pl) nmler llie ordlimry leuiiN-raliin> of (he liiloiratury 
riHiin, and ii vlild gnen conii-H mil. The gray hue ludl- 
ciilia n rer.\ niiiiiII iiinoiint of mallum chloride, 1/1U0,U(XI 
or NO, and Hie n-iiiiiliilug gn'eii indlcutea the admixture 
of II ciirlHHiiile. Here are Home prcparalloiia of potaa- 
Hliini aiilphiite. cncli eoiitaliiing a aingle ainall admixture 
iK,d)„ LMIO. I,Id. Kd, Kllr). You will notice bow 
dirrcmil are Hie l•olorM of the originally white lub- 
NluneeH. varying from gremi to bliilHh-gmy, nah-groy, 
gru)lNb bine, and vhdet. 

lly friielioiiul eryatalllxatlon one may (liutlly get a 
really pure pre|MniHmi of iMitHaaliim rnilpbnle, which In 
no loiigiT coliinNi by ciilbiHle niya (or only In a very 
Nllglii degrie, IndlcaHiig iiiliilinal tmera of mallum 
chloride). Hut Iberc uri> oilier prepuratluoa which, go 
far UN I know, cininol Im> nii|iilre<l In (lure ooiHlItlciia by 
liny mcaiiH, not (>ven by rnidlunol cryatalllxHlIoii. I 
iH-ver came iicmtiH a pure Hodliiin Hiil|ilia(c—the purity 
eilala only on Hie inanuflictiirerN' InIh>1h. Kven the brat 
priqiaruHoiia uf HiIn anil mnlain an nmoinit of audlum 
curlHinnte which up to Hie (ircHent rauiiot lie aeparated 
from It, not even by tmiucnt fractional cryalalUntloii. 
Tlic color pnalnced by Hie luiiiill admixture, which al- 
waya reinnlna, la a very marked aah-gray. Hy an Intan* 
Uunal further addlllim uf aodium carbonate the color 


By Prof. E. Goldsteb 

The qneatlon arlaae: What may be the eanae of thaat 
coloratlonH tu pure aaltt and ulao In aolld aointloM of 
them? Hboitly after the colon of tho alkali nlta htd 
lHH<n dlacuverod, an explanation waa given,' aoeordliig 

10 which the pbenoiaeaoa mainly conalatB In a ohemlcal 
reducUon. For Inatanoe, In the can of potanlam 
chloride the chlorliio would be aet free, while the re- 
nuilniiig potoailnm la dlaulved In the unaltarad main 
quantity of the aalt, oolorliig It at the aame tliOK And 

11 aeemed a conrlnclnK proof fbr thia theory when 
(jlelael* and also Kreuti, elmply by heating rock oalt In 
the vupora of aodlnm or of potuaainm, produced colon 
111 thla rock aalt quite aimihir to thooe produced by 
cathode ruya It aeemed that the prubleni waa aettled 
Oiuilly. However, It waa aouii diacovered that the 
colored Olcael aalta, although they look to Ihe eye quite 
like Ihe cathode-ray aalta, In nil other reapecta behave 
iinlle illfferenUy. Fur iiaitanre: 

(11 Tlie cathode-ray aallM, aa I mentlonrd before, are 
very NeiuUitve to daylight: after an exiNMure to diflnie 
daylight of a few mluiiteii, or In auroe Nalta even of aev- 
cnil Ncconda only, Uie coloration dlmlnlabea, while the 
tHcNel aalta remain unalterml even when they are kept 
III full HUimhlne (or daya or even weeka. 

(2) The cathodc-ruy aalta, if dlHsolved In dlatllled 
woter, ahow aboolute neutral reaction; the Hleuel aalta 
arc atrougly alkaline. 

(3) Tho cathode-ny aalta give very marked photo¬ 
electric cffccta (aa Elater and fleltel' obaerved); the 
Olcael aalta are quite Ineffective. 

(4) In Certain clrcnmatnncea, which will ba men¬ 
tioned further on, the catbodc-ny aalta may emit k 
phuephoreecent light, the Gieael aalUi none at all. There- 
fon tho qoeNtlon aroae again. Whether there la not a 
marked internal dlfferenee between the cathoda-ray 
Hilta and the Gieael aalta, and what U the nature of 
Hie luUerl 

1 have aucceeded tu nettling thla queatlon, having pro¬ 
duced aalU by eatbnio rayn, the behavior of which la 
In every renpect abnotutety Mcaltcol wStA that of the 
(IkK'l aalta. You may produoe aneb aubatancea If you 
allow the cathode myn to fall on the original aalta not 
for 0 short moincut only, but for a aumewhat prolonged 
time, MHtil the telti ere etroegly heateit. Produced In 
thla way (he aalta will keep colon*; but the aubatancea 
colored In thla way are not mualUve to light; they ahow 
no phulo-electiic effect; they give xtrtmp etkeUne reac¬ 
tion, and they are not united for pbuqiboreacence—ell 
like the Olcael aalta. It la quite eure, aud you may teat 
II iiIno directly by apecCruacupic print that tu this caue. 
If, for Inutauce, you have worked im aodlnm chloride. 
Ikv chhirlttc in eel free. Then, of conma, an amount of 
free aodium la left, which diaaoiret llaclf In a deefier 
layer of unaltered mMlIam chloride, to which the cathode 
mya could not iienettalc. I call Iheae non-aanalllvc 
colora the aftfr-roture of the eertmd riaee, while Hie 
ordinary Heiwlltre ufter-colora, pnalnord In a uhort time 
on cool aalta, an< called afler-colora of Ihe flrat claaa. 

Now, If the nttcr-culoru of the accoml claan are Ideu- 
Heal with UiaHi> of Hie (UchpI aalta, tlien, of cunne, the 
very different aulmtamM of the Rmt cloua ennnut l« 
uIho Identical wtib Ihe Olcael aalta. Therefore the quea- 
Him arlaca anew. What la the nature of (bo flrat-claM 
uflcr-coloraT 

One ulmervaa with regard to solid aolutlous that the 
llmt clnaa colon depend not only upon the otelol cop- 
liHni'<l III tho imall admixture, but they vary greatly, 
for liwUure, In the coae of the admixture constating of 
intawUuu chloride or bromide (W Iodide. Thla Indicates 
that (be metala oloue do not canae the after^olora. If 
lieconwe much more dear when we expooe aome ammm 
Ilium aalta to the cathode raya. (The ammoulnm aalta 
an cooled by liquid air In (he OlNcharge-tube to pnvent 
Hieir evaporation.) Then you get strongly narked 
after-colon Ukewlae; (or inatance. aminoiilnm chloride 
hucomea yellow-greenhili, the bromide becomca yeilow- 
hrowii, the Iodide becomai brown, and the fluoride a 
deep hlne. In the daylight tbeoe colon are gradually 
deainqed, quite Uka other after-colon of the flnt daw. 
The colon themselvee-yellow-freeDlab for the chloride, 
yellow-brown (br (he bromide, and ao an—ludocu ua to 
prraume that the aftar-oolon In thta ww an prcducod 
by the halolda, and not by the hypotfaerieU -nrm-flitm 
ndtcle. Thla pneumpthn beocBea a atrpng emvletiMi 
when wa obeerve that ulao a gnat migilwr of tiigi^ 
prepantluna which contain no awtal ot an (and |iot 


any metal-Uke ndielo) acqnlrt martad attet-eOm of 
the flnt claw la the cathode rtyo alio. (Tte part of 
the dlacbacge-tabe wbleh eontalm the orioBlp oab- 
Ntaueaa la coded by Uqold air.) 

Then yon may oboerve that aoUd acede add 
remalua quite eutwleaa in the cathode raya; bat tC yon 
siitMtltate a hydrogro atom by dilgcliw tho nbitUM 
tiioa produced (tho monoctihinHMUo add) aeqalna o 
marked yellow-groen aftersnlor. It you Introdwo an 
atom ot brcmliM Initeod of ehlorlna, yoa gat OASd^ 
awl the aftersmlor la of a marfcod yellow. Bromotnna 
(CHBr,) toms Into tho oolor of loom, and cUoial 
(C,HCI^) becomeo a doeg yellow. In thU way We ore 
that not only aalta, bat Ukawlaa anbatttnted adda. aab- 
Htltiited bydroearbona, and aubititated aldebydan ao- 
iliitra after-cdon If they oontola any haldd. 

Now. It Hcema highly Improbable that In the etoa of 
alkali aalta the atacuopooltlve component ta tliaocbed 
only (prodndng Ihe after color), and that, on the 
other band. In the aramoolnm aalta and In the organic 
antaatanem Ihe etactro-ncgatlve compment ta aSIclent 
only. The moet probable Inference la tbat in mob waa 
both componenta remain and that both are efliclant, but 
tbal under the same uondltlona the halolda produce a 
slighter color than the metala, so (hat In Iho eooo of 
the aalta the haldd color ta overwhelmed by the metal 
color. 

Therefore we are compelled to auppciw that we have 
not to doil with a decmnpodtlon In the ordinary form, 
by which the different components are Anally aeparated 
from each other and at least one of than ta aet entirely 
tree, but that the componenta detained by aheorptlon 
remain at a qnlte abort dtatance from web other, an 
that they may caally meet again. 1 reaHne that, for 
Instance, In the case of sodium chloride, at evaty pdnt 
of the colored layer there ta an atom (or perbape a 
molecule) ot chlorine and au atom (or a mdecnla) of 
wallnm; but they cannot combine, beenaae th*y aro 
flxed by absorption and dtatenled from each othor by 
the ebiiorpUva power, which In this case aurpaeaea tho 
chemical alllDity. Bat the alworpUve power moy be 
weakened by heetlng and the chomhal afllnlly or tbe 
umplllnde of tbe molecular vlbratlona may be etiength- 
ened by tbe energy of dayllghb 

If we grant thaae aaraniptloiia. It ta Immediately 
crident why tbe reaction of all dlaeolved color anb- 
stancca of the flnt clow ta a neotral one, for the two 
ciunpouenta may combine again and reeetabltah tbe 
urigiiuil enbotauca The other epectal qualHtaa ot the 
flrst-clBHa colore, and eepeetally their dlfferencea from 
Ibe Olcael aalta, which contain the electro-podtlre com¬ 
ponent only, may be deduced Uhewtae from this ntea- 
H<mi of bulb components and their opportunity of meet¬ 
ing web other again when the slnorptlve power is 
wnifcencd or Ihe chemical nfflnUy ta atiengthened. Now, 
Ibe two components In the coloied subetances being dta- 
tended In aome degree, I nnwoos for this special eon- 
illtliHi Ilf mutter the name at lUataaebm. If wo accept 
IhiN, barn we created a new name only, or does matter 
In thla condlUofl really idiow new qualitlwT It oeema 
In me that we have to deal with a pecnllar condition of 
matter, which dcservea a mors eialwrale study than It 
has met until now. I will eoler again Into noma ipeatal 
iinaUtlM, which bavo already twen mmtlaood—tbe 
photiHdectrlc eflbet and so on-trat I oboold Uko to 
point oat that matter In the dtatenolop state riiowa a 
strongly strsngthoaed abeorptlon of light 

Wo notlesd with regard to amoMalnm chloride the 
yellow-grseatah altor-ocdor, of ;1 m ehlorlna. Now, 
cathode raya, aa awd la thcee experimeiita. wUl not 
penetrate any diaper than oae-handradth of g mllU- 
atetor Into the salt In owdi a thin layer eveV pate 
Ihinefled chlorine would not obew ooy perceptlMe colar. 
Bat baoldes thta It Igaot bo notlred that we obserro (fall 
aflercolor at tbe tempentare of l|talS ilr, and that 
chlorliw at this tetapecatan, aa Dewar and IfcisMUiob- 
mmO, ta ODaw-wUtOi evon In thlcfc biyena In g 
Ugr degree the brown cidor of hrtanlBo lo wegbigMf gt 
low toigpenituiog Now, If notmigdoas wa' dboervg gt 
thta very low tamperatore thg tkgyk^ chgiaotedatte 
colon (ff dtlorluo end bnatno. wa gntat eoaeladn tW 
the obaoipflva power of thsoe aoMaaoeg hm hwootg g. 
moltlplo of Ke ordtuggy valoa Qgg aif ohaing fhfl 
strengtiMBliK of tbe ghoctpttva pvww dtauote tft 
pmeolptatv. «alpltatllkowti*tnng]at«g(|Nbw^^ 
oalHtaJioo U oeoiiA hp Ilqgl«-g)r. m wj^'Hiu 
raya fUl gg the aANo.ggfphor it 4a|«g 
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^ tha ibMIltkMllIf Ot Usht 
«bM <9 tMl ttatMBiwr ntataoMk It bwooN vrUUnt 
tl^t tM,ai9M«uiwt be *Dj ohenlcal fnatM, but oolr 
a jphriMBl alletnnr. The epedei ehenctar of thli 
■Hetnvr (wUeh auy be conneeled wUh an ebaorptiiHi 
at alfetraaa) wilt not be entered on In a dlaenadon bem 
riobably we baie to deal with a polTnwriMtlon, eo that, 
ler Iwtencbi the irdlew-reddlah selpbnr woeld be 
amloiioai to piriToierlaMl coTieii—to oaonn 

I hare la ei i tl oiied alnadjr that the Ont-claM after- 
eelata are irtdaallj deetnqrod b; loddMit dajUatat A 
peeaUai phanoaeaon U connected with tbla deetmctton 
of color. I fonnd that after the darligbt had fallen on 
the eolotod aabatancea, even for the ehorteiit tlma moat 
of then (howed a marked |)tKwplioroeimice of long 
dncatloBu I hare obaerved thle phoaphoreoeeDee eren lu 
mb et apc ee wUeb had been colored twelre yearn aao 
and had been kept In the dark aluee that tUne. The 
diteeiid dim Ught of a ^oouy Novomber day, when 
fnlUnt through a window on the colored enbatanoe fur 
one or two aeconda only, la euffldent for the pnjiactloii 
of thin pboaphoreeGenee In a marked dcKrve. It you 
allow the daylUdit to ftll aevoral tlmee on the iiame 
fpot, than the oolor la weakened at thle spot, and we 
ctane to the pteaiunpUon that the luea of coloration la 
genemUy attended by the emlneluii of phoapboreeceot 
11^ Thla l« In aooordance with the eip^nce of 
Wiedemann and Hcbatldt that If (he ilrntnictlon of the 
colur la prodnoed by heating, llkcwim a phoepbuteecent 
llldrt la ptodnced, which In Uile cane fai strong hot of a 
abort dnratloa, correapondlng to the qnlck deatmcHon 
of the aftercolon by etrong beating. 

If the lalta, after barliig been eolorod in tbe condi¬ 
tion of a llna powdar and then baring been pat between 
two glaae platee (in order to obtain a plane aurface), 
are placed In a photognpbic camera Inatead of the 
photognpblo Plato, you may get a due pboaphoreecout 
pietnre of a landacape or of architecture after a very 
abort expoente. Time doea not allow me to mentluu In 
detail aeveral other peculiarities which are shown by 
matter In the dlsieusloii slate. In one dircotinii only I 
may bo allowed to make some remorka 


Tba InbctaM oftarcolon nay be pndoeed not only 
by cnOode layn but alio by the d raya of ndlo-acUre 
mbataneea, ai yon probably know. But thoy may alio 
be produced by oKre-ololel Hght, b» tnetanea, by ultra- 
Tlolet apark light, eren whan a quarts plate la Inter- 
poaed between tbe «ark and the aalt More than thirty 
yeura ago 1 brought forward a hypothaoia, according to 
wbkb In orery point whore eathodo raya atilko a aoUd 
body a thlu layer of nltra-rlolet lli^t-radlatliig mole- 
cnlea la produced In tbe gaa, to which ultra-violet light 
of very short wave-lengtha, for Inatance, the phas|ibur- 
csceuce of the glase walla in the cathode rays, Is due. 
But 1 came further to the aasumptlon that nearly all 
effects which are commonly ascribed to siwcbtl iinsU- 
tlca of the cathode rays, end likewise of p rays, are 
mere effects of tbe nilra-rlolet light which la pruluced 
by the stopping of theae raya. 1 have been guided by 
thla aiaiimptlon during ouny years, and hare very 
often been aided by It in foreseeing new pbeuomoua. 
For liiatanco, lu Ibla way 1 was Induced to expect that 
IIh.‘ aftercolora would be produced not <mly by catbndo 
mjH, but also by tbe ordinary Ultra-riolct light; fiir- 
llicr, I could gueas that uhsi tin k-raya would produce 
aftcr-colora (which Id this case hare been olMerved by 
Ilolakiiccht), and In recent times I could foresee that 
solid uruumtlc aulMtances (the betixine deiivatlrcs) In 
tile ullru-vlolct llglit must change tbelr spectra of urdl- 
III r)- phuspboreaceucc, composed of bnaid bands, and 
turn to peculiar qiectra compueed of narrow alripcs, the 
wave-teiigths of which are charactcriatlc of the single 
animatic subotancea.* 8o 1 believe also that tbe afler- 
colors are produced not directly by the cathode rays or 
hy p rays, but by the aforeaald nltia-vlolot Ught which 
Is connected with the stopping of the other rays. 

lu this way the atter-colots cuter at once Into a great 
cIhmm of phenomena known aa rreerMIe Pffn4t of Uiikt. 
Von know that certain cffccta of the visible spectral 
rays iiro deatroyed by raya of longer wave-lengths, by 
till* Infra-red raya. And tho analogy to thla phenom¬ 
enon Is. In my opinion, tbe destruction of tbs aftcr- 
<•010111: they are produced by the ultra violet light of 
‘ K. (loidatsln, rtrk*m*t. A P. PkgriAOM., ill 


tbe atoppad cathode raya and are annihilated hy the 
longer risible wave-lengths of dayUght In thla way 
you any likewise nndentand, for Instance, that the 
colored spots, produced by X-rays ou tba luminescent 
HcreeiiH after lung exposure, may be destroyed again by 
exposure of tbe acrcous to ilaylight. You may also ex¬ 
plain the peculiar medical ubservaUtm that therapeutic 
radium vffecta In parta of the human body not covered, 
KiwcUlly 111 tbe face, are ofteu not of lung duratlou, 
for the face Is exp<s<ed to the ivunteniclliig visible raye 
of daylight. 

We notice here a connection of our subject with a 
itcpurtuieiil of great practical importance. For all 
tlu-miN'Ullc affects of X-rH)s, radium rays, eud meso- 
Ihurium rays woulil, aii-ordlng to Ibis view, be effects 
only of ultra-violet llglil produced by the stopplug of 
IliKsn rays In the taumuii Issly, anil the apecUI ebar- 
aiier of tbe mdlum- and iiiesoihurlum and X-ray treat¬ 
ment would cunslNl lualnly lu tin- currlagc Into the 
loterlur of Llie Ixaly, by the mys, of the nitm-riolct 
light, wbicli la nut miitiucd to the surface of the bixly. 
but Is produced at every place »hi-n> any ut tbe enter¬ 
ing rays are stoptied. You may uollce further that Ibis 
view of lhi> medical ray-effects pn>sentM a heurUtic 
iiii-lliisl for the treatment tlm-lf, which up to tbe present 
followed quite fortulluus and iiu-rcly empirical imtlis. 
For It may be ho[s-d tliat Ireutmenl hy radio-active sub. 
kIiiiiccs will Is- useful In every disi-aso In which ultru- 
vliilet light lias Imeu proveil to Is* i-ltlelcnt in some dc- 
gns-; you will avobl sis-h treatment In the well-kimwn 
cases III nlilcb light of short wave-lengtha la noxious, 
anil you may lie JusUlleil lu aubstltullng an ultra-violet 
light IrHiliiieiit where radium or mcsothoriiun la imt 
(ihliilnulilc. At the same time U Iscemes cvldeut why 
Ihe Ireninient of certain illseases hy tlie p rays has ef- 
frtis Vi>r,\ similar In tliisie prislnw'il by fulffuratioH, that 
Is, hy llii- Ilglil Ilf very strong sparks; the efllcleiit agent 
Is In Isilli eases tbe ullra-vlolct light. 

• Hut It eiiuuid be s pb-tslclHl's bisk In outer bm (hr 
III uieittcnl qin-HtUins; tt was only my liitentimi In show 
how lalenKlIiiK are some of the pmlilems whleh are 


Mutation and Modification of Bacteria* 

A Knowledfjo Wliich is Important to the Recognition of SjK'cies and Kinds 
By Sir Ray Lankoater, K.C.B., F.R.S. 

Evgg alnoe we gained (In the later half of last ecn- tlmnis. The icavea of tho white watcr-hutten-up when a mouse t It has lost Its vlmleiiee; that la In say. Its 
tury) a knowledge of tbe ubiquity ami Imtsirtauee of growing in water are toUlly differcul fnnn thoso of former sisslal ehemleal aetitlly. Hut Fasleur fiiiiml 

the minute idants calltsi bacteria—as the agents of siawlmens gcowlog on tbe ptaul stile. tliul Hiilmnls IiiiivuIbIisI with lliese “uttenuated” Imellll 

varlims “fermentations," Indiidlug putrcfsciloii and It Is, therefore, no exeepUimal or iiiiex|ie<icd tiling protiil, siiliseiiueatly and In cuiiKoiuenec, to be mm- 
dlseaa o t he Inquiry has been pursued In various labor- tliat a giveu kind or example of the simple tbreml-llke pletely nwlsteiit to the ilemlly effeeta of non-attcniuiteil 
atotlos, owler the gnldaucc of varlmis able obaerwrs or rud-llke bacteria sh<mld be imased to vliange vlllier lulellll of anllirax wbeu Injeclcd Into them. Thus was 

and esperimeuton, as to whether the “kinds" of bsc- bi Its shape or In its chemical activity and products sliirtisl a methisl of iirotecting sheep sml cnttlc agalast 

terta which we can distinguish from one auothrr by wlieii the coudltloua la which It la growing—such as ex- llie denilly dbx-ase "niitlirax." whk-U on the Ccnitliieiit 
tbelr shapes oud structure os suuii imder the micro- isanire to light, beat, motatare, siid varlmis sorts of hud Iss-ii a very si-rlisu trouble to furaiers, and la now 
scope and by the dUfereut chemical I'hauges, fvrmenta- nutriment- are changed. And, Indeed, Ibis luu long ki-id In elie<-k hy l■lls|enr’s liiignilatlmi. It was sisai dls- 


dlsUnct “apeiieN,’' as are, fur lasbim-e, the different 
“speula*” of a group of iilanla—any, the I'grrot-likc 
family or nrabelllfene. This family presents an i-nor- 
mous number of kinds which lireed tnie msl, though In 
n general way, much allkn In apiiearaime, yet having 
Mch Us own form ami prmlmiiig oacli Us own pi-eullar 
i^enlcal aubaUiwes In Ita JuIctn. Homo of these kinds 
or ‘htwrien’' are valued by us for flavor, os, for liistaucc, 
oelary, aamphlre, chervil, fcnnell, lairsley, aniseed, nnd 
eorlaiider; while some, mch as hemlock, cowbane, and 
otbets of the gruop, are highly polsonona Do the 
“kUidn" «< bacteria breed true oa tbeoe higher plants 
dot or CM they be largely changed by the lafloence of 
11^ tathpcMtare. molature, and tbe nature of the food 
th whkft they gala accenl Tbe auswer to tbla {ptee- 
Uon hu DbTtooi Importance In regard to tlie origtn of 
thoae dlgeaaea whleh ars caused by bacteria. 

,Claaely flttad aa moat higher idants and aiiimals are 
to OM aet of condltloos of exlatence—Abe change of 
which taada to their death—yH thoie Is a cartaln range 
of totemUaa, vtnrlag Ui different caaeo. And aome- 
tllnea the thhctfa tmerated has no obvbwt effect In alter- 
tng the plHt oc animal mbieoted to tha obanged eondt- 
tloiig; aoeiitimaa It remilta in a changn of either tbe 
ohetogg etncMth or ot tha mote mditle ebemtonl eettvi- 
ftar' kad jgMtaetfVei U both. Thne aoiae pianta, mch 
1^ ^tgishMioefc, whUdiLate polaoiioiin when grow- 
]B|r. tB: Wnhjr. wet londf Ogaae lo’fbrm a pciaonatu 
gcoifa In dry mil. 3Ae wood of the 
odk grown at the Ove Ut worthlem. 

and well In tte PlaKw ot 
^ 4hdir VUm VO WUitle and npdma. The 


of Imcteria smsii to be more liable to resisiml to changPM 
of <imdltkai by conacquMil change In their own form 
and pruts-rtlcs than others. In IKTI I ilewrllasl, nmlor 
I Is- luinie “Uaeterium rubeiwviat,’’ a |a>a<-b-<iiliHVvl bse- 
teriimi which Is very rwmmuii In tin- ilceaylug vegetable 
mutter of imlliuiry |xwds and rlvcra oud also of salt 
raarahes. I showed that It takes several different forms, 
namely, (1) rods of variotm ilmiic, (2) flinmouta, ami 
(.1) mlnuto spharee and ovoMa of various sixes, vari¬ 
ously aggregated or set together In a JrUy or a film 
of deflulte pattern, or else freely swlnunhig, according 
to the luture and nbncdtnce ot the nutrition supplied 
to It, and other condltloDS. It bos also been shown to 
take on a corkacrew shape. I called It a “protean" 
npedee, and rabaeqnently this doctrine ot tbe "pleamor- 
phlnm" of bacberU, a term referring to the multiplicity 
of abapes which om be ausumed by many kinda under 
dlverae nnslltlons, was adopted by ykq>f and other 
writeiu, and it is now reganleil as based mi estabUshed 
fact Dome kinds are much more limited In shape and 
more tntolemiit of changg of eotMlItlous of exlatonee 
than othaia. 

The change of diMnical ertivlty of baeteria hy change 
of their condltloos of life was flrst ilemonstnited and 
mode uaa ot by the great Investlgalur of bacteria, Uie 
chemist Pasteur. He found in 1880 that tbe rad-IUm 
bacUlns onthrada, token from tbe Mood ot sheep which 
have died ot the lUgeane called “anthrax" In conaeqoence 
of Its presenoe, cm be ealtlvated on cblefcen-broth In 
the labtwatocy, and that it pienty of oxygen be paned 
over tbe aurface ot the broth end It be kept st a 
tpmperatnte oU or seven degrees above blood-hsat, the 
prapaittea of the badllna am alterad after e tew hoon' 
growth, tt le no l««ger eepebU of prodncliig the diaeaee 
“oathru’' w^ laleotad Into la uliml, not eren to 


lerlmii nr luii-llliis fniiii (im- siii'ii-s of anlmiil. In whli'li 
It was disiilly, to niitdliiT more tnlerant of It, the 



Ism I nsild In many cases be “atleiiimlisl" that Is to 
say. Us vIruleiH-e isaild ls> rwliicwl. 'Hms Hie pnitcc- 
tloii offonled by "vaivbiatluu” In small-isix was ex- 
idiiliicd - the small-pox mlcrots- of iimii Isssuoliig at- 
teauatod In bovliio anlmalH yet serving to render hu¬ 
man beings when Inisailated with It rcststent or “Im¬ 
mune" to Its pubwnous action. The isawlderntiuii of 
the theory of tbla protective aetloii wmilil take us far 
frmn the present subject 

A iiumlmr of cases hare been stndtisi In whicli tin- 
rheiulral aiAlvlty of bactcrU, ns testnl hy Ihe pnsliiv 
tkai Ilf reengiilxable chemical <ian|ioiimls. Is nitemi hy 
culture. The iiinst idmndHiit Imeterliiui In the eontenis 
of the liitestliie of man ami anlninls, lullcil Isicllhis mil. 
has Imhiii studlisl lu n-ganl to Its |siucr of nlta<-kliig 
various kUids ot sugar (lactmie ami gliK'wc) forming 
nelils, liberating gas, and also producing Imdol when 
grown on lirolli. In these respii-ta If acts dlffen-ntl;; 
fnsii the “Haidllna typhomis," wbicli Is cinm-ly similar 
111 form to It. eoli, but ran do imiu- of tla'se IJiliigs, and 
la the cause of typhoid fever. Hy cultivation of bacil¬ 
lus typhosua on a film of agar Jelly, to which the sugar 
called “lactose," or sugar of milk, was sddeil, various 
strains of bacUU, with misllfled properties, have been 
obtninol by a scrim of Investigators. Tbe most Im- 
imrtant result Is that, though R. tyiihosui raanot fe^ 
ment lactose, jot after ctsitlnoed cnltlvallua la Us 
presence strmlna of tbe cultlvatloo are obtaiaed which 
actnally devdop this power, and ctoaely resemble bacll- 
loa coll. It lee ma that the mllk-oogar avantually acta 
on B. typboaaa, so aa to convert It Into B. coll. 
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BaoeoU/, numorer, Ur. OecU Berta baa uparl' 
mentally determined (aocordlnc to bta papeta pnbltabed 
hy the Koyal Boctaty) marked chaniee In cnlUratlona 
of baelllaa coll, the purity of which he Inanred by grow- 
liiK them from a alnglo taolatod badllUH, ao that theta 
could be no queetlon of the accidental mixing of other 
klnde in the culture. The Name prlndpla of gMnrlng 
a crop of the microbe to be studied, from a alngle Indi¬ 
vidual, waa Introdnced by Pasteur, and aubaequantly 
carried out by Hauseu In the Inreatlgatlon of beeryeaat 
Mr. Kerta cultivated hla pure badlloa coll In broth, 
coiitainlux mllk-angar, at blood-heat, and added a email 
purcuntago of a chemical called "malachite green" to 
the hnitb; In another sciiea of experlmcnta he added 
"hrllllaiit green." Ula object was to see whether small 
quantities of these more or less poisonous chemicals 
would alter In any way the f<irm and activity of the 
growing entp of baclllua colL The green dyca hare 
come Into the hands of students of bacteria, In ctmuec- 
tlon with the method of study, which depends on stain¬ 
ing these mlcrobee eltber after death or daring life, 
and many rarlotles and different colon of theoe com¬ 
plex chemluil dyes have been naed. One of these 
"gteens" happens to be deacrlbed by obemtati u the 
sulphate of tetra etbyl-dtamliuhtrlpbeiiyl-metbane. It ta 
not an easy name to remember, and than ta no raaaan 
why anyone abonld try to do aa But It might bt uaad 
to mystify the onlearned aa sncoesafnlly aa an Inroca- 
tlon of "the nltra-rldot rays." Ur. Nerta found that 
the effect of the preeence of a little “malachite green" 
waa that a cnlture of the baclllua ocdl waa produced 
which waa neltlier In Its actlrltlea, nor In Its form, nor 
In Its mode of growth, a true B. coll, but greatly altered. 
It bad completely loet the poww to prodnee gaa, and 
nerer regained It VIhen he naed a trace of brlUtant 
green (called also ethyl green) two dtatlnct stralna 
aroae In hta onltnre—one A. modified In form, and re¬ 
taining In sobaeqitent growth the same modified form, 
the other B undergoing Increasing change in ebn- 
tinned oultlvatloii, and leanltliig in a completdy differ¬ 
ent organtam. A waa very amall, B was relatlvdy Urge 
and lirauchlng; A coagulated milk after sevmi days’ 
growth, B In two days; A fermented a certain sugar 
after twenty days' growth In its presence, B not at all. 
TDom Btatenenta will serve to give some Idea of the 
kind of facts which here to bo abserved In the porsalt 
of thta question of tlM nlteratlm of bacteria and bacilli 
iy CbAiiB oC eondmens, and It baeamee "^dant that 
there ta no rensou for snrprtae that the ultra-violet 
rays (which are known to he those rsya of the solar 
mnanadou which especially excite chemical ebangns In 
organic substances, tnd hence are often called the 
"chemical rays," os opposed to the "heat rays” at the 
red end of the eotar apectram) ahoold excite obangea 
In the growth and properttaa of baclllua anthracta elml- 
Ur to thuaa excited by tracea of dieturblng chemical 
dmga. 

Tha varloua chemical producta manufactured by bac¬ 
teria are thrown out by them Into the Intastona, lolu- 
Uona, and broths in which they live. Some, such ts 
tboae which are poisonous and dtaeaae-prodnclng, can 
only be racognlied and their variation eatlmated by 
Inoentatlag anlmala with them and watching the result; 
others are recognised by ibelr smell; others by their 
production of color, and even of "idiaspliorescent" light; 
others Jiy the special chemical fermentatlooi which (hey 
oxdte, and can be precisely measured and dtotlngntabsd 
by the analytical cbemlsL The fhet that the peculiar 
smdta and odorona products accompanying bacterial 
growth are duo to the bacteria themselves and not to 
the kind of material on which they are noortahed ta 
demonstrated by the Interesting fact that when culti¬ 
vated In a pure odorleis sdution ot tartrate of ammon- 
iom the pntrefocUva apectaa at bactorU produce an 
offenalve amell at potTMcenea althongh no organic 
matter ta present Similarly many bactMta prodnoe 
brlUtant colors—red, yeUow, grsen, and blne-dns to 
ohamlcal compoun d s which ttwy fwm and throw out 
and these are produced freely In oolortaas adntlont of 
tartrate ot ammonium as readUy os wlmt tha'by|w 
rium ta grawlng on animal or vegetable refuse, ^ky' 
baeterlimi rabeaesna ta an axeeiitlan in ths fOot that 
the peachKnlored pigment whldi It prodnoae ta not 
thrown out hut Hludiis In the snhatance at ths hao' 
terlum and cotorg’ft Tim coloring matter ta called 
“haeterio-pnrparln," and anmara to act somewhat In 
the same way os chlorophyll or leaf-gretn, »—t-Hnj 
bacterium In Its chemical work under the Inflimnoe ot 
sunlight 

One of the most remarkable eolor-producdiig bacteria 
bi that which occasionally appears In larga mossee on 
bread, and, since U looks like blood, has on aome ocoa- 
BloDs canned seSilllUtloiie feare, and even panto (roeord- 
ed in the leffMd'^of the Bloody Boot dua to the Inva¬ 
sion by thta Mjdtarinm ot tha holy wate). It ta known 
ai “baclllua prodlglosua” Baees Of It doeur which are 
colorless, and from tbees oolor-prgdnUng races mijr 
proceed, when cultivated, eoma darher, asms Ugbtar. 


It appetm that the addHlcn at omtaln aalta to Urn mat¬ 
ter oa which the a prodigloans ta growing leads to tha 
produedon at whits races, and atao ot dark rad races, 
which are permanent—that ta to soy, tha chemical 
capacities at the organtam ua pmmanentty aSeotad. 

Another taetare In which baetorta vary owing to 
rariatton at ooadltlime ta In the production of "aporea" 
—minute oval bodies capable ot raristlng dsatacatten, 
and even the heat of boUIng water. Only a few bacteria 
are known to prodnee thane raetatlnc eporee (the hay 
bacUlna and the anthrax haclUna are among them), and 
ttiess kinds aometlmee glva rise to a ritonged laoa or 
growth, whldi ceosee to produce It ta not known 

what condltlone cause thta loae iff the spora^irodnelng 
quality, nor whether, when once lost, It can be reac¬ 
quired. We thus see that thera are a number of changes 
of form, chemical activity, and other Important featatca 
which a kind or apectaa of baetarium may enddenly az- 
hlbit when subjectod to change of oaodltloM and tw- 
rouudlng agouctao. They aU requite and ate aeeelv- 
lug—further study. In order that thair real canaea and 
nature may be uoderstood in the fullest detail, and 
It ta rather absurd to print telsgrams In the dally 
papers shout each little fact concerning them aa It 
comes to light 

Some of tboae alteratliaa or changaa are moia pet- 
(itatent when once brought about than aio othara In 
fwme cases the altered bactertum goes on mnlUplylng 
for as long os It ta kept under ohaervatlon In the labora¬ 
tory without reverting to its origtnnl condition; In 
other cases It soon reverta, or, on the other band, may 
vary atUl furthor, and eo baa one original stock we 
may obtain three or four more “mcdlded” or “alterad" 
strains, more or lese pentatent 

It ta difficult perhaps not posatbls, to compare theee 
changes in bacteria with tha vartattons whldi aitae In 
the many-oelled higher plants and anlmala Some vnrla- 
tions aiqsiarlng In higher organisms ore pa mad im to 
a iiaw generation produced by sesugl ^naratlcn, that 
ta, by the fostou ot an egg-cell and a mnrm cell; but 
when a change of some part ta oauaed maialy by the 
direct action of a diange of external agendaa It ta not 
passed on to a new gwieratioo which ta no longar aetad 
npon by that extornal agency. The bacteria do not 
rmiraduoe by egg-orita fertUtaed by spetm-colta, but by 
simple oontlnuoas growth and divtalan, or breaking of 
,thojtarent Into fwa ^antw |be ijigw of 
produced by dtangad ext^nal cnnatlw b In'them 
more Ukdy to be oemtinaed, since the new growths or 
geueraUons are merely blu of a sSnrie minute parantal 
ludlvMual whldi hoa been more or lesa profoundly 
altered throughout its substance. But when wa have 
reprodoctim by fttrion of two amall reproductive pac- 
tlclea thrown off tram two dtatlnct massive pareata, It 
ta clear that a change brought about In one parwit by 
conditluna whldi acted on It, but did not act on the 
other parent, may very well be oblitereted by the fusion 
ot Its reproductive perticle with that of the other un¬ 
modified parent (the “fertiltaBtlao,” as U ta called, ot 
the ovum by the qivm). And thta b the more llkdy 
to bold when the modlflcatloo or change produced by 
Hume new external agency ta one affecting only a email 
part of a laife, moeslve plant or animal, ud not one 
altering the parent’s onttre substance, ea ta the case to 
the modlfled microbe ot bacterium. Bence, though the 
knowledge of these ebauges In bictrU b bnportnnt to 
regard to the proper reaogultliHi of spectae and klndn 
among thmn, and as to their permancooe and dorivatioo 
or dtatlDctDess from one another, we cannot mntotato 
that It throws any Uriit at preseut on tha dtapntsd 
views pot fnrward by De Vrtas and otheia an to the 
frequency and Importance of two kiiids of variation 
(matatiom and fluctnatioiia) to sexually reprodoelig 
plsnta and animals. Nor can it be apfdM to the dta- 
pnted question aa to wbsthsr tonato or IriastotBpitir 
diBiaaten origtnatliig to the imn alone Hh fnuiii^ 
sibla while ocqulrad changes sapsrihduesd on the body 
(somatogenic character) ere not see Tim ta to the ' 
bectecla no dtatinctico between the "■vu" and the ' 
liady.” AH we can at present soy ta that mmw nti- > 
c^lMMtonn liable to undmgo, ea toa nsrit ot Iffitaveif 
oOudmons, otructaral and functional «*««»g— , wldeh 
art to some oasas evaneaoeot and to acme oaosa OMce 
psTstatant; bat to what uteot psr staft and why more 
cr lees so, we do not yet know. 

Those who dsalre to know more to detail the rsaulto 
and tandoictaa cf reoent Btudtae and tetparimmiti on bac¬ 
teria should oompaie the artlele on haetaria written by 
me to Watt's "Dtationaiy of Obemtatty* la 1888 wUb 
tba motteriy amay oa bictwtalogy by the late Prof, 
UoiriMll Ward and Prut Bcbert Muir ta the ■Bacydo- 
pmdto Brltaimlca" In 1910. Twenty-Sve yeen ago I 
wrote In the artlda above elttd; "We have to topsec 
the moat Important advoaeae ta tbs Mnre tm the en- 
deavom of becteririog ta te experimentally to breed by 


deattnettva action i^Bn bwtaria at tMe ehejUenliiyb of 
Uriit waa known ImCim 1888.. Unde me Betai bM aonr 
toond that modatato enpoaate to iboh U8bt, flhe guilar- 
tto dooea ot ebemlcal petonne, may medUy eatan Undg ot 
beeietia wlthciit dastioytaf their Itaa 
The produetlcn of aaCh rimayaa at fata and fnnellen 
aa we have bean reviewing In the boetaria haa bean 
studied with men riilktag aiweem ta the ybOrib and 
seme of ttw molds whkh are atao ffllimto eaxtato tBgin- 
tama. It atao toiom a teatuM at vary great thecHttaal 
and practical haportanca In tbs proper n n de r e t e ndta f 

wrig|Ita8 laalMwartng enlmalcnlee found In the Hood 
of mammnto, Hide, repttlea, and Itahaa^ and cawtag aev- 
oral lerloun dtaeases, sudi ts nagana, sleeidng sithmmA 
and other horse ud cattle plagues. The ratattonohlp 
iff the bacteria to the green Uamentoui Bddaophytar— 
known ta oedltatorim, whkffi live to freah w a teee and 
on damp roeka and walla—to one of groat ibtemt, 
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Various Forms of the Periscope* 

Principles und Development of a Valuable Instrument Used in War 


Whiijc the liertHn 
In the illrecllnii nf g 
nttloii, there Iiiih h 
eerlleiit tyiipfl of i)i 


INirullel U) inch other, ami lia-lliied 
dlrrclliiii Ilf the Inclileiit IIkIiI. 'I 
niuuiiteil 111 a tulie anil Hoiairuleil a 
(KiK. 1). 

For modern trench warfure the n 
Ik abiHit IK bi liichea, anil the ii 


I'l lubea, In boxca of aijuaro nr nblouK ecctlon, or at- 
taelieil to a loug rod. lu each cnac It la iicceswr; that 
Hie mlrnira aliouhl Ih> nxiKl at the (*riiTcet aiiKle, anil 
that then* Hlinuld tie no duntiling nr dLsturlInn nf the 
Imace. 

Mio IirllK-lliul roinlreinenta of theae treueh piTlaeoiaia 
are poruhillt)’. IlKhtneaa, ainnil nlM> anil Inennaplcnniia 
aiitaaininee, and large Held nf ilew. When there are 
lai leuaea the Held of rleir la exacti}' the aame aa would 
be olilBliietl by looking through a tube of the aame 
length and dluiueler. Thua, with uilrron of 2 liichea by 
It Inchea and a aeiianillun of alamt ZI iucbca, a Held of 
view of 0 degreee would be oliluliieil; nod by moving 
the O’u about, tbia Held could la' nearly doubled. 

By uabig a box of ohliaig aertloii tlie horlioiilal flcid 
of view can be Inereaaed without unduly Incrunaing the 
alxe Ilf the iiertacoia!. Aa the Held of view la auurewhnt 
Ilmiteil la any caae, the priaelpul objiailion to Ibe uae 
of a leleacoiie iir liluiicnlur, vlx., the redneed field, uii 
lunger niiplloi, ond muiiy |a<rlHCopea are arranged to bi- 
uaed with a monuciibir or u blnucular teU-aeii|w. 

Moat iieriacopea can be need with a magniltcaHon of 
two or three, L c., with one tnbe of an ordinary opera 
glaiw; but wben higher magnification ta to bo uaca] tho 
nilrrora luuat be of better quality, both aa regard flat- 
iiHMu Ilf Hurfacea and paraUellam of the glaaa. Wben ibe 
mlrrora are Urge euough—« to 10 ceiillmelerH wide— 
both telcacopea of the blnocnUr may be vied, but In 
tbU caae the requlromenU for tho mlrron are even 
mure atiingeat, oa the Imagea formed by the two tele- 
Mniiea will not coincide unleoa the mlrrora are pbine. 
When aullable lenaee are placed between the roimini. 
Hie alxe Ilf the mlrrora can be reduced or Ibe ilald of 
view InercHaed; It la eaay to provide a amall magnlHca- 
tloii of tho Imoge or even to arrange for a variable 
magnlUcatlon. 

In aiu'b csaca the Icnaea muat bo arranged to give an 
erect Image., or mlrruni or prlama employed to erect tho 
Image. An example of a periacoiie of thU type la ahown 
In big. ‘J, where tliu. mlrrora are replaced by reflecting 
prlama, and the (rinna erect the Image In mucb tbe 
auiue way aa tbe prlama of a prlam btuucular. 

TbIa armiigcment U very auttable for a Urge magnt- 
flcatloii, hut for Urger flelda the prlam la onanltable, 
unlcaa It be allvered, and It la preferable to eroet the 
Image by mcani of lenaoa. 

When longer tnbea are naed or Urger Oelda are re- 
ipilred, llip denign abonld approximate to that uaed In 
Hie aubmarlue perlacope. 

Thla optical oyatem baa been ateadlly, developed aiiKa 
llH Unit tatrodnetlon by Blr Howard Grubb Is 190L 


binarlne la doreloiiing Tho oyatem oooaUta of two parioeoiMi^ of whlob one 
I iNirrectliiii anil elabo- la reveraed. lo that tba Image wooM ba reduoed In Mao, 
III the almplcat and while the other magulflea tbia bnage, ao that tbe final 
UHC In land warfare. Imago U of tbe name aUe an the object, or U magulflud 
■ccall tbe iHileumacupe, nue aud a quarter or one and a halt Hmeo. (Aa a very 
veiitceuth cmiliiD' fur large auguUr field of view U cwinlred In theae perl- 
pe ill llM almplcat form acupca, the beam reflected into tbe tnbe muat cover a 
lelr reflecting aurfacea largo angle, und would aoon fall on tba aides of the 
■d at 45 ilegrccH to the tube; Ibo reveraed tcleacope, however, reducce the angU 
Theae mlrrora were of the bcum, and ao euablea It to proceed far enough 
a convenient dlatancu down tba tube to be received by the aecMid tetoaeope, 
and ao tranamlUed to tbe eya) 

ronroiilciil aciainiHiin In modern aubmarlnea tho tnbe baa a length of from 
' mlrrora nru miainlci) HI to ‘iA foet, tba dUmeter U from 6 to P locboa, while 
tbe Held of view U about 85 degraea. In order that 
obJecU aball look tb^ real ilie, It U ueceaaary hi give 
a magnification of one and a quarter to oue aud a ball. 

Fig. 3 given an lUuatratton of a perloeopa In which 
Nw Ibreo tcleacape ayntenu are employed. The drawing la 

^ ^ made from Information pnbUahed by Hcaara Goer*' of 

1 Berlin, and reUtea to perUeopea mada by them, it la, 

I of courao, nudeelrable lo give any detalU of KngUab 

/ IK-rlacopca at the preaent time. 

S I An outer tube baa a apherlcal idaaa cover. In the 

* / Inner tube U the optical ayatem. which can be rotated 

/ to face lu any reqnired direction; the eye piece, how- 

I dor, renulna flxod. 

/ The optical system, which follows In 11a general prln- 

- -1 clpica Blr Howard Ombb’a original dealgn, conalata of: 

/ (1) A reveraed tclaaeope. giving a tedncUmi of about 


(2) A teleacope, giving a magnification of about two; 

(3) An erecting prUm which can be rotated so that 
tbe Image glvon by the syatom la correctly oriented; 

(4) A teleacope giving a magnification of about three, 

Thla telcecoiie luclndea a fixed eye piece and prlam, 

ao umugial that the otiaerver looks horUonUUy at tbe 
objoct At the fociM of tbe mre piece are pUced a scale 
and pointer to show tbe bearing uf ibe uliject sighted, 
and a ruling to allow tbe dUUnce to be eellmated when 
Hic site of tbe object is known. 

By tbe aid of a aubaidlary ayatem, special parts of 
the Held can be further magnified to allow uf objects 
being cxiiiulued In mote dotsll. 

Tlu- conUiiaed use of tbe perticope U very trying to 
tbe eye, so that devices have hem uaed to throw the 
linage on to s ground glsas screen. Tbe ordinary eyo 
piece and ground glass aysbma are made Intercbangc- 
nblc, so that tbe observer can readily poos from one lo 
Ibe other; be may obaerve with the ground gUsa lu the 
ordinary way, but examine qiedal otiJecta with the 
ordinary eye piece. 

Tlie field of view of the perlseupe la stlU limited, and 
various attempts to overcome this dlfflculty have been 
made. More Iban one pcriacoiie cun be need aud the 
Imageii combined to form a complete image. A recent 






jeeta are Been la one to wbtah tba aye la not ■tsisgk 
uccuatocacd. Tbe condlUona of lighting, too, naifiar 
dliBcnlt to dtaUngtilah objects, mpoclally whM Oogo 
mist or epray, so that tbe effoettve naa of a pegtoH 
reqnlns cuoohlenible aklll and training, 

Tmicli periscopes may be obtained from sMot < 
Hrtnns, and the followliig an a few typlesl tanno: 

The Ilampaon, woodmi stake carrying two adiTO 
price Ta 6d. 

Tbe Adems, Jointed tod; prloe lOa. 6d. 

Tbe Btanley; the support U in the form of buqr ton 
and la of a light alloy; iwloa USa, 

Thne opcn-mlrrur types an Uifiit, portable^ wlUi |0 
field, but the mlrrora are not protcolad from (aln, a 
the useful field la surrounded by bright sky. 


iKi*ui!L^^ja**Vffj^,!Lu 


which enablm a view of the whole horlsoa to ba ob¬ 
tained at once. Tbe Image formed by tbe ring vstam 
is much distorted, but when sny objM la pickad up It 
can be exandned by metni of tbe ordln^ syitin 
Thme two opdcol l y i t a m s are combliisd In ana Inotm- 
meat, so that ttie two lamgea are aemi In tlia ono field, 
the Image formed by dm ring ayatem somndlDg the 
other. 

But theae ring per la co p sa an still Ikr from perfset, 
their distortion maklni It vary dilBeait to tAs»«Hfy ob¬ 
jects; and tbls dlflcBlty, tlmofh not oo proaovboodi- 
ocean with tho ordlaniy podoeope. Tbo o< 
from vliieb the anrtbeo of tho ata and swioaitafi 


Tnlw lypoa arc made by Mesars. KegrettI and Zambra, 
Mxey, The I’orlacope Company, and many others; 
|irln« from Ha. ed. to Ifia., depending on the metal tobe 
used. In Ibose types the field la ntUier limited. 

Miwni. Charles Baker A Co, miiply a type with Urge 
nitrrnrH, wbicta can be mUstactorlly naod with both 
luirrcls of a binocular. In oplte of the large lalrron, 
the tyim U very portable; price 80a. 

Many uukeni supply types In wbicb tbe optical ayMom 
l< Incorporated with the periscope, and tbe prtoM of 
theae range from 2 Sh. to 61. 10a., icoordlng to the type 
of uiiHnl oystem used. 

Bitterjr-Operkted LoeomollTfi HcidlViti 

It la rathw notable that tbo Houtbern l*aclllc road Is 
lining Inttcry operated lights on Ita loeomotivoa. Tba bat¬ 
tery outfit Is a SCO ampero-bnur land cell storata battery 
Hint la carrhid on top of the boiler, from wbloh U la 
removed at the end of each trip (qr ncbarglnt by a 
Hiiwlal crane. Tba beadllgtat takes 18 tmpereg it II 
vidts, and tba battery wUl operate this, togethor vdtb 
Uirsfi cab Udiia and two ‘■Utnard” UgbU, for thUtaon 
boora. For the haodUght 140 eudle-power gUrofih- 
nilod tnngston lamps Uo used In the Old alM&id 
refieetors. 

Owne StcriHiiaf FIfifil 

A oooD examifla of tiu Otto ommo atKOIdag pneMi 
by elactrlo apparatoa IS Boon In tba plant at fiablop- 
d'Olonae, Fnnoe, one of ths waU-kBowsi Atlantie Ookst 
waterlog pbuMo. Iha wator.la figst pvt throtitfi aand 
niton In order to dorlfy It, and than geoa to Ihs cmam 
plant A'fwoduoar gaa-anglne and dynamo hiigWiia 
tbe cttirant for oaons appantaa and foe mofam. Yrtsa 
tbe, main well tteoMo motor pumps tnks «p ^hb wk^ 
and send It Into tht'psoiM steriUifaig tmtl- ^ «ai*f 
then fiowa Into s elstogfi ftoto whsfiOt^tthsr'glsMdt 
imiflp groups ddiver It to tbs town |ilplii|t Ttm igeg- 
out pfsnt contains apfmtna tsr «,0dfi«iibie fsct-gh^ttir: 
total, and Is mu oat in HMAtfiii fitomf e( »,Mit 
cuUe fast sidL A stpsrste dyrnnib gtonp la pyofltai: 
for Mcb froop, ao that they ktn tfidapmiainA tmo a iiii iL 
trte po^ aorva to'sopply.tito ffip.bwfiaa ittAM 

soarae,'and ggci^. pgii o(,|;ai«f<4d 

oqtpot akdi hafidia tha watm bat«toB b«4Mi;kMg|«» 

tsar. iy)rllMo«tolmpttliai<pifiMfgtifiaW 

also tea ottMfngal ptoMa of 

pumper^'In altftgrttp.iilui 
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The Romance of Motion Pictures' 

A Scientiflc Toy that has Grown to be a Great Commercial Factor 

By C. FrancU Jenkins 


tlM Un ot nMtlou pletura oriclnated 1 do 
not know. Bnt n Imndted yMn betdre Ohrliit, lAcretliu 
tfitawdjr wrote Um Irleud, thiu: 

“Do not tboB BMHMvet woudor that the Imacex ap- 
petr to Boret and appear tu ono order and Uma their 
and anas to nae; for ona dla^ipeam and Inataad 
ot it appeara another arranfod In another way, and 
thka aeoBa each laatore to chance. For yon mnat nn- 
deMand that thla takea iriaee In the qnlckeat tlBa,” 
which la an exact daacrlpUon of the motion picture of 
Uhday. 

I( tbie la really what be meant, then It took two 
thouaaud years to tot a aulUbie plctara ribbon and a 
perfect martilne to bandle It, and ten years mote to pnt 
the bnatnaea on a payiuc baiU Whon we had motion 
pictnea at the Atlanta Cotton States Bxpoaltlon, In 
IMNS, we were not able to cotiTlnce the people there wu 
anythlnp Inside worth looking at So we threw the 
doors wide open. Inviting the weery eighteoera to come 
in and alt down for a rest and after the exhibition 
oxplalnad that anj-ime wbu wlabed to coatrlbnte twenty- 
dve coula fur the exhlldtlon he bad seen of thla won¬ 
derful new luveutlun, might leave it at the box office 
gtdug ont, and wo ehonld be dniy grateful therefor. 
Nor wai our conOdence In the American's love of fair 
play mlaplaced, for the money began to roll lulu the 
box office. 


The year before. In Wiihlngton, 1 funml It Jnat ae 
difficult to make peraonal triende understand In ad¬ 
vance what these irioturea were. And again. In the 
winter of IMH-ISSS, In an exUlbltton before the Frank¬ 
lin Institnte of Phlladeltdila, a gmitlcman. In aecoudlug 
a motion which bad been iwcpused by aomeooe that the 
audaty award the Rlllott-Oreaou Medal ior thla Inven- 
dun, said, that while be heartily accondad the motlaa, 
he would like tu Inquire wbotber Mr. Jenklna could tell 
them of any way by which the device could bo mada 
comraorclBlly prolHable. I had to admit that I eooM 
not, for 1 woo only an Inventor, and an Inventor rarely 
knows how to make money for hlmeelt 

And ao mattera drifted along eome eight or tni years 
nntU a Tentureaome wlrit uiiencd a Uttle flve^enl 
theater In a vacant atore on FonrteenUi Street, near 
Rroadway, in New Xork dty. He made errangemente 
with cameramen which guaranteed him a now plctnra 
pvory day, and thla wae the beginning of the moHuti- 
plctura tbeeter Indnntty end e dim exchange ayatem 
which has continued until uow. 

So now we have a device for dramaUc repceaenta- 


Hon which gives ue every form of entertainment known 
to man ilnee the beginning of time. We present the 
story teller In a pantomime tar DKire rlfoctlve than 
mere words alone; we abow every form of ipcetaeular 
reprodnetloii In s apleialor never dtesmed of by a 
(Icwr; we present every banuln emodoii known to 
exiet In ■ reallam and ceatnnM true to nature; we mul¬ 
tiply the magic lontem a thuuaand-fnld hi every reel; 
we bring every distant country, every atrongo people, 
every quaint cnatun, every new and wonderful Inveii- 
Hon, eeory selenlUle dlaeovery, all thU we bring to the 
Btay-at-honea, and the bumble ulekel pays the Sddlor. 

Ot the early workera In motion pteturea Prof. Mny- 
brldiH obtained an anelyds of motion that caused ar- 
tlila to change their accepted notloiw. Ills aulmal 
hJoaoMUen atudlea have become daaatca Hut Uttia later 
ITot Merle naed motlea pletnrei In certain sdentUle 
work ha was doing, In Parla And atlU later Anetauts, 
csbl^tlng BMtloii pteturae at the World’s Fair, Chicago, 
ItM, vrith a box Into whkb one- toohod to see small 
idetnraa Hawerat, these tmtlairnffi all contented tbem- 
setrek whh analyda ot mottoo, mainly. Where they 
Med vntbeela the rcanltaBt pleturca were bnt imalL It 


Ml to my lot to take the one atop which made tbeae 
Utte pUturea larft and ulodkad the flood gatee of a 
hMaega amogMtlng laat yoar to near |80IM)00,(loa 
'Moffion ptotwea not oedy ohow atrangn truthful 
thhoVl^ tot will antactain yon wUA mreal things with 
adeb a iaidi^ —blanoa of truth that yon grip yoar 
otairInaaalHnMtt, tub fUlow with Um hero through 
Kttq ^ ijMia •( Rwa and hato and paaMoo, and settle 
It 

E al^i#dli)af to the street, head 
; kittefcefl down hr a ten-ton 
aa thlB ala pleca of paper, 
on Ua way all B B Cooceciiad ; 
IflaiA ilMtona ot a pupoeket 
ia'thalr tflalfi the roeo, 


climb up tbe chair leg, up the man’* back, reach qiilutly 
uiider his chin and steal the tllamoud from Ids tie? 
And yon see those nilttena enught in the act aud luoki-d 
III a solid box, go groping around Inalde seairhlug orcry 
nook aud comer fur an avenue of ssimiic, only tu stop 
at tbu luck, and slowly uiiravaUiig, steal throngh llu* 
key-bide and deposll Uienuelvea In a pile of loose yarn 
on the table, and Immediah-iy thervafler pallciilly rc- 
knlt tbemselves tutu a tmlr of mlUeiia again. 

Thu moving picture la raplffiy coming to he n-cog- 
iilsMl by tbe educator as of givat value In his work. 
The li-glsUilares of tbret- Htales have paiussl bills and 
npproprlaletl money provtiUiip for motion iScturcs In 
Ihi-lr whouls, while the law-making bodicw of savoral 
other Htales am being urged to provide thuso plclnree 
as an aid In Inatructlon. It being conceded that picture 
education was our tint and is the quickoit and tbe moat 
lasting. Kducutlou la simply the forming of menial 
pictures, bnt thcae pielnres should be alike on every 
brolu. It a cbiaa of a hundred atudeuls learn an oral 
Immn a hundred mental pictnrea are formed, but they 
ari> prulMbly all dUtereiiL If, however, tbe lesson In 
taught by motion pictuioi the hundred mental Imiirm- 
Hlona arc all alike. And these picture lessnus are 
brought from every nook and corner of the earth, with¬ 
out Lraiislation, for the motion plctuiw stieak a ual- 
versal language. 

I'eriuipH It la not known to all ot you that thla pic¬ 
ture ribbon la tbe only nnlt that Is standard In every 
etiuutry. Hallway gages, for example, vary in lUITerenl 
nHintrics, units of value, volume, weight and ot length 
dllTer, even the rotor of the people vary In every clime, 
bnt the mottou-pletuTe dim b> the aame the world 
over. Tile usual unit length Is 1,000 fis't, known bn 
a reel. 

And DOW 8 word about tbe mechanism hy which Ibew* 
reanlta am alUtued. It may afwm perhaps unnecessary 
at thla late <lay to say that a motion tdclure Is the 
synthesis of a long aeries ot Nemratc pictures placed 
ciHl to end oil a ribbon, and that tbeae pictures are pro- 
Ject«-d hy weaiia of a modlilad magle-Iantem onto a 
CHOvas or sereen, sixteen pictures per second. Koch 
littk- picture Is brought Into the focus ot the prujectlng 
ItHiM liilermtttently, and It la thbi liitermlllent move¬ 
ment of the Him at the pieturo aperture of the ma- 
elilne whieh Is tbe vital featnre of the met-hsnlsm. The 
derlee by wlilch this Is areompllshed b< an enlargement 
ot the Uciieva slop, found to many watchm, to prevent 
winding the spring too tight 

I'lwii the ueenmey of the locking portion of Uie driven 
member of tbe (leiieva gears referred to deiieiids the 
steadiness of tbe idcture on the canvas, for the film 
must he started and slopped with micr«sci>plc exactness 
nearly one thousand times iier mliinte. 

The other of the two eweiitlala of ac«>]itHbIe motion 
ptetures to-day Is the absence ot sclutllliitiun or “nieker," 
as tt Is known In tlio art, which Nome years ago so af- 
feCl«Ml one's eyes, often the cause of serious liesilsehps. 
I* In tile alteriiatlim of the light aud durkis-Ns rtinsnl 
liy the imssliig shutter btaile which cnuaca the liicker, 
and thbi occurring sixteen times per second was )iaiD. 
fitlly eonspIcnuUH. Later someone suggested culling the 
light is>rlod twice more for each idcture by inittlng on 
two more blades, resolUug in forty-eight mekers per 
seeiHid Instead of the origtoal sixteen, and becanse the 
eye dues not readily perceive forty-eight aUematlona of 
llglit and darkneas per aeeond dicker la practically 
ellmlimted. 

The machine which I ahall use to-nigbt avoids the 
nickpr. hut In aiinther way. It depends on tbe fact that 
it takes a perceptible time for tbe retina to Teenver aen- 
idtlvanesH after the Impresa of a alrong light Bo, If 
(we Impress e e the ptetnre tm the eye fur a snillclently 
lung time, nriatlvely, one does not notice tbe changing 
of the pictBie, and little or no lllekcr is observable. 
This enahlea one to seeure brilliantly lighted ptetures 
with a mMll amoont of current fbr the plclure la Im¬ 
pressed on the eye cimttnuonsly, except for the 1/100th 
of a second employed to bring eucb little ptetnre Into 
the projeetlon apertnre of tbe machine. 

These two devtcea, then—the (leneva gear and a 
proper shutter—ate the obscure easentlals of the mod¬ 
em ptctare-projectliig machine for producing a ateady, 
fllekerleto pleture, while all the othcra elemmifo are 
Blmply mattots of convenletice or of Are Inourance 
uBdtrwtItera' roqulreaents. 

Two dungea are rapidly nearing adoption to over^ 
come eoadittona whhffi have hsiwtofbro handleapped the 
oWBcr of ■ photoplay homo. First wltUn a very abort 


time he will be iible In i-Iiisim- ii pnigrummu ileeurdliiK 
to his own cij|H.viili(iii Ilf the lustus and ubilics of bis 
luilmiis; and sm-ihsI, llie jirlce of uduilssiun will be 
liigber and tickets will Is- N4ild wlileli represent a iwr- 
tleular w-al In tbe bouse JusI iis die} are now sold for 
the urdJuary talking theater. 

This cliaiigi- Ilf iiietliisl lugli-ull} results, and to show 
the reasuu for Ibis trend In Ibe nrl one uilgbl bike, us 
nil exnmple, uuy niie of ii dou-ii pbHiire-prisJucliig cum- 
luiili-s viilh Hludlus liwntiHl In snutberu tbillfuriiiu, 
where iihutognipblc light Is pructically uniform tbe 
yisir niuiiil. Hero ure liuiiilnsiH of (boiisaudn of acres 
under purebusc or leusc, and above a million dollara' 
Wurth of wild aiiiuiulH, In great varlel}, bandied hy 
skilled aalmul Iralners, Ihe whole used us playground 
and uccuHsuries fur the making of mulluu piclurea which 
will enicrtulu aud lustrui-l. At leiisl fl0,uup,(iuu are 
iiitesled In sunUicru Lliillluruln In tbu luuklug of idc- 
liires. These uud oilier plii}grounds ure Is-liig used tu 
prislucv iiielurea of n higher cliiss uud iiuullly. The 
iiMi Ilf each such plclure runs lulu large Ugures, cuuse- 
ijiienlly lllm-roulHls are Idgbcr, uud a Ihe-is-iil udmls. 
nIoii Is iiu liiugi-r ns pTollluble as foniH-rly. 

Home live or sK years ago 1 liup|H-msl In Is- In a sliidln 
III -New Turk when a illtle girl and tier friends enme In 
fiiaii the stn-el tu wuteh the luakbig of u miitloii pic¬ 
ture uiid is-rhuiM with the liupo that they might bo 
tvsiulsllloued for extras lii I he play. The play being 
phutugraphed is>rlniyi-d an eld musician wlui had been 
iiiisucccNsful lu bis elTorts to have a plis-e of music be 
liiid written pnsluevd and luid at lost Iss-ii reduced to 
the nei-iwHlIy of playing the violin on tis- street corners 
fur such |N-uiiles as might be tinuusl him. Between 
tlim>s he bad tanglit the little gruudsiiii to play Ibe vlullii. 
-Vnd HO the idot was laid. A Imy was needed fur tile 
twrt. The Ulrcclor, gbiuelng at Ihe row of children 
iigninst the wall, Instantly picked uul the iiartlcubir 
llltlc girl 1 have uiciiltuued. Calling lo-r lu him, be 
asked: •‘Will your molher let your liair be cutr The 
Illtle girl Uumght st^ lint wunlit go and ask, uiid away 
slio run, presi-ully reluming with the nsiulrcd permis¬ 
sion; aud so III llie bnrbers they scut the lassie, while 
a messenger was dls|silcbcd (o buy a buy'a suit. 1 ilLi- 
llnelly remember ws-lng tbu direolor tearing the isxikiiU 
II ml slashing tbe coal wllb hbi knife to make a new sull 
liHik like an old one. In Ihe oiwulng scene the lad 
"rustics” the few dlsbi-s ami inns lu supper aiiticlin- 
tliiii nntll presently Ihe old inaii couii-s lu and drops 
wearily into a chair. Tbe IltlJc fellow riiiia to him and 
Htroki-M Ids fon-lieud anil bnlr until he falls asleep niidcr 
Urn gealle limcli. Tlii-ii be slips ijulelly out of Ihe room 
with Ihe violin and bow under Ids iinii. In the uext 
Nceiu- he bursts Inbi Ibe room wllb bis bat fnll of 
money, ami waking the old imiii sliows him tbelr win 
dorful luck. Thai little girl was Mary I'icfcfonl. Hlu. 
n-eelvrd W for her day's work; Iml wind was more- 
liuiwrtnnt. It was seen that she laavs-ssisl in exceptional 
degns- lliose rare cliurnclerlslli-s so iiisvssary In the 
picture liiisliicsH—u g<NSl iiliulographli- fare-, the gift of 
tei-llhg the lairl plnyctl, and Ihe ahlllly In do It In pautn- 
mluiD. Her salary lo-ilay Is gll.ixiu a «is-U whiHher she 
works or istt, and she Is known to every motloii-idcliire 
"fau" hi tlie whole world. Of isiurso, not all pluyi-rs 
gel any such aalarii-a, hut II Is tids very example of 
eratwhllo unkuowu issipla ronchlag up to hlg iiny en¬ 
velopes that has caused the almost wholesale exmlus of 
inoiint Into tbe billions; and snn-ly a buslai-ss wlih-h 
theaters, from the "divine Sarah" to the aioet lowly 
player. Hot I assure you that many of them will be 
disappointed, for aclliig before a eameru Is a very dif¬ 
ferent tliliw from acUng Iwfore the footltgbls. The Ismt 
players for motloii picinres are tluss- who Imve grown 
np with the busIni-Hs. They don't have lo iiideani 
anything. 

Among the prisliu-ers the same story iidgbl Is- told. I 
can name anumg my own personal ureiualidancca at 
least a duxeP ralllbiiialres who four lo eight years ago 
liad practically nothing. Hut do mil for a moment Ihink 
llmt money Is ao easily made lu motion ploture-s that It 
nsinlre-s no effort of Jndguietd. for while an opisirluiilly 
Is lliere. It takes Indguicnt In this husiiiraa Just us 
surely as It taken Judgment In any other business 

Ho this bi the Industry which has grown np sliire llie 
llttlQ exhibition whieh I gave In IHin lu the flrst olub 
reema of tim Capital Ihnnera Clnb, an indoatry which 
has grown ant II the property bilwests ropreseuted 
mount into the bllUona, and surely a busineiw wlileli 
gives so much ptetanre to more thiiii ten million of 
peu|it« dally cannot be wholly had. 




SaENTinC AMERICAN SUPPLEHEtn'NaiJOSS 


Htf n. ml. 


The Measurement of Distances in War' 

Injjenious Modem Methods and Instruments Now Used 


In wiir llie (IlriTt mciiKiirdiiMit (if tlic dlatniics of tha 
cii('IU}'m puolllun Ih out of tlio i]u<wUuu, aud moaaun- 
uicnt hy trlniiKUluttou t« iirud U-iililv only Id fortlOtNl 
lilu(w. Ill nil other ciibph, until recently, dUtancen 
could only lie Kii(>»n><l. Miiny iilli'iii|itH linva been made 


before ibe right eye a mnoll mirror. Inclined 4S degrees 
to the Hue of alght, which reflccta Into the eye the 
liuagH of the neeiie fotmed hy a larger parallel mirror 
placed tS Inehce to the right 
if a liluucDlar Held glaaa la liilerpuaed between the 
Icloatcreoecope and the eyca, the ecene li egaln epper- 


more convenient to place in the focal plane a Itied aeala, 
NO graduated that eaoh interval oorreaponda to a dla- 
tance of 100 metera. Tbla producea in the Held of the 
teleaeope a aeale of meanurement that can be applied to 
any part of the iandacape. The operation of thla de¬ 
vice la llluatiuted In Kig. T. The umrlM m', and m'. en- 




SjA, left eyt; Hi, right aye; JSp, Uiiwr alrrora •, 88, oolar 


glaaa or by artUclally Increiuitng the effective luteroe- 
ular dlNtance. The accoud method ia adopted in the 
teleatereuMCope of Uelmholta, which eonalate eaHeiitlally 
of two paira of Incllued mlrrora, arranged in the man¬ 
ner indicated by Fig. 1. The large lateral mlrrora fifl 
are parallel reapecttvcly to the two email central mlr- 
rora JSp, which are rigidly connected at right anglea to 
each other. (They may be adjacent fftcea of a right 
angle priam.) Each eye eeee the iandacape by doable 
reflection from the large and amall mlrrm on one aide^ 
aud the effect la the lame aa U the eyei were moved 
ontward to the pneitloiia of the lateral mlrrora Sa. It 
the dlatance between theae mlrrora la aiz Umee aa great 
aa the real Interocular dlatance (2.6 Incbea), the effec¬ 
tive interocnlar dlNtance and the Rtereuacopic effect are 
lucreaaed alz-fold and, aa all dlmenaions an eatlmated 
in relation to the Interocnlar dlatance, the landaetpo 
Biipean alx times amaller and elz tlmee nearer than It 
U in reality. The aama effect can be prodneed by view¬ 
ing the acene directly with the left eye, and holding 

• Abatrart of Pnf. KallWi (rtlele la DU Vmnkpm. Tnas- 
Utad tor tho HciiNTiric Anaaicaa BDmaaaaT. 


duct>d by the Abbe-Zelea priametic Held glaaa (Fig. 6), 
in which the objeetivee are ebont twice as tar apart as 
the uym, ao that, with e magnifying power of 10, the 
depth of the etareoacoplc field la 10 X 2 X 1,000 ~ 
»0,ll<IU feet, or nearly aiz milw. 

In both of theae Inatmmenta two lUghtly dlSerent 
Imegea of the acene are prodneed in the focal plane of 
tho objectives siul sre viewed through the eye-plecea. 
The vlcreoacopic ImpreesloD of distance la dne to the 
tact that the two Images of a near point am len widely 
aepanted than the Imagoa a distant polnL If two 
marks, si, and m. are placed in the azea of the eye- 
Idecea, Jnat in front of the focal plane (Fig. 0), they 
will appear oa a alngls mark at Iniliilte dIaUnee. If 
the mark m, ta then moved to the pcsitlaa sF, or m\ 
It will combine with si, to produce the appenmnes of n 
mark at the distant point ai' or tho nearer point m'. 

In thla manner the mark can be brought Into ap¬ 
parent oolnddeDce with a cbnrcb ateeple or other ob¬ 
ject P, The dlatance of this object can be calcnlnted 
from the amount by which the movable mark boa been 
dlvlBcsd from Ita aero poaltlon si» 

Inatminenti with movable marks have beoa eon- 
atmoted and employed In medcs, but they raqnlre n 
eepemts enlcnletlcn tar aseh obMrvntlaiL It la fhr 


scale Is made In three Inclined aecUons and tha rowi 
marks appear to traverae the acene In eig—g meet 
lines, os will appear In the most striking manoti 
Fig. 8 la viewed throngb a atecsoocopa^ or U each i 
is viewed with die eorreapoiidiiig eye, a large curd hi 
held vertlCBlly between the eyee, if neeeaMry. 

The Zeioa Btereoecoplc teleoMter, In wbldi tbla maa 
Ing device is employed, la shown In Fig. 2 and tha i 
of the vlsnal mya in the Inatminent in Indicated In : 
10, while Fig. 11 Ulnatiates the method of nalng 
telemeter wlthont the aid of a stand. 

The InstmmeDt is made in three models, having 


s dlstanea mom aeoniate reanlta ais 


too stiff to band appndahly and on envriops of 
protecta It from imeqaal baettiig, whMi adM prof 
cnrvatnm. Tha vs^dscM «u be adjasted to tho in- 
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tpceoalu 4 Mum» of tbo ofaMrrar, and tho mIo can ba 
IdoirtBatod tor oat at nlcht Tha bal«bta of objoeta can 
bo iBlbmd turn tbo narka alraady dsaoilbed, wUch 
tlaa and dialiilsh In atis an tber raooda bat the Inatm- 
ment alao eontalna a vertleal aoale for morn predae 
maamftiiieiit of helchts. 

Tbo atOKOoMpIe totaneter la espadaUy ralnable for 



Fir 4^-Zeiaa rallaf talaaeopo foMad. 


aieaanrliif tba dlatance of a moTliig ohloet and In dla- 
tartwd Gondltloiia of the atmoapbere, wban It la Inuwa- 
Blbla to naa a theodolite, and it la indUpenaable for 
meaanrlug tba eleratlan of alrahlpa and aeroplonea. 
The UiatniniBat, furthermore, (Ivea a almalUnaoaa com- 
prehenalTe rlow of the dlatancea of all pointa In algbt. 



Fir di^-PrfaMlpb id Bovablo Mika. 

A.Mt«et«,ci|htei*. 


wbU* tko thMdallta fipMtid rnoim uia 

tadMlll.folealttliM in endbr ^ dodnoa tba dMuoa a( 
n TU atMafoagia MMata^fo ^ 

Prtroia t b l»fwa lb pm wI bi i ad u oocfc IMas 
ad iM^W'teaatlati and nlM ad • ooBmladt Mia lot 
jA'dk^UM lb tmf dtiaaUafo tnm tta 


Fad on* 

Tub nae of oU Id one fora or another aa fuel for gen- 
era ting power or for doraeotlc beatlUR ahonid be coohIU- 
ered under aereral <«ndltiong; Flnrt, where oil Im the 
moat edident aource of heat und power becauae <if the 
abaenro or Inadeonate aopply of cheaper fuel. Tbla la 
the omdltlon on the entire Pnelllc atope. Second, where 
the uae of oil aa fuel reprceeiilM a moana of dlapoaliiR 
of exceaa aocnmulatton of crude oil, rcaldoea, or dletll- 
latea, for which no market la at hand. Thla condition 
fminently prerallt in the newer flclda of the United 
Mtatea; It alwaya repreaenta a meana of dlapaaal by the 
renneriee of undealrable prodneta which wonld other- 
wInc ru to waate. There la a third cooditiDn of nap of 
iTucle oil or Ita prodneta aa fnel which la In a radically 
cllffprent claaa. Tbla la Ita appltcatloa to the Ronemtioii 
of iNiwer by maklns ateam or in internal conbiutloii 
piiKineM In the Navy and tho merrbant marine. Thla 
nap la not ao itrlctly limited by the price. 

The production of a audden flood of new oU In nny 
part of the world natumlly carries with It the ntlllza- 
Miiii of more or Icaa of thla oil for fuel when the price 
|ipr barrel Roea below the limit of competition arlth eniil. 
Tliiw at present in Wyominn. although that State eiin- 
t'lliia ndctiuate auppitca of roal, uae la made of the 
nlhcrwlae nnaalable prodneta from the Caaper reflnprlrs 
r<ir loeomotlTo aerviee over long dlatancea In that State. 
Thla iiae mnat naturally Increaae from the fact that the 
linslurtlon of <dl In Wyoming la extending footer than 
any iwaalble adequate market for the heavier pmlncts. 

Onide oU aeldoffl rematna cheap for a very long 
lieriod, and therefore the anpply for railroad nae and 
for other fnel purpoaM la ao notaliahle that crude oil 
aa a fuel tiaa lest favor very rapidly, and reconrae la 
eventually made to tboae prodneta from the emde, 
which bappen In the partienlar oU onder eonatdmtion 
to more than anpply the demand for thoae partienlar 
prodneta. 

A abort time ago the aopamtlon of a given crude dl 
Into marketable prodneta waa etrletly limited by the 
quantity of thoae different prodneta naturally necnrrlng 
In the crude ofl. But more advance methoda of re¬ 
fining have lately Included the ability to break np the 
leaa talahle prodneta in emde oil, and thna Increaae 
to a very great extent the yMda of these prraluetM 
which are moat aalabie. 

An Intereatlng example of thla la found in California, 
where the oUa obtained a fow yeeta ago contained only 
small perpentagaa of gaaollne and kerosene, ao that 
there waa a very large qnantlty of heavier pmdncta 
from tho ofl, all of which happened to find a good 
mirket u fad. At first, in order to make np the deficit 
In gaaollne and kerosene, gasoline and light crude nils 
eontalnlag much gasoline were tmported from Borneo 
and Hamatra; then recourse waa made to extracting 
gasoline from aneb natural gaa aa ocean In aaaodatlaD 
with oil and contains c«mBlderahIe qnantitlea of gaaollne 
vapor. WltUn the lost two yenra, following this ex- 
tracthm of gaaollne from natnral gaa, the anpply of 
gaaollne boa alao been angmented by cracking the heavy 
emde ofla nndor preasore, with the teanlUng produc¬ 
tion of "motor •plrit" 

Within the last two yenra also, a more algnlflcant 
change bna ooearred. The olla recently prodneed, eape- 
dafly thoee frmn conolderable depth, have shown a 
mnoh greater content of giaollne and kemasno—m nnich 
so. Indeed, that the effort to prodnee an adequate anp- 
|dy of gaaollne boa been overdoae. This material, ao 
much In demand In the Baatem TTnlted States for anto- 
mohUe and ethsr Internal combastioD engines, hna 
glutted tbs market of the Pndfle const with conae- 
qnently greatly decreased prices 

It b evMait that the ability of the rsflneries to for- 
nlah, from an wniia of erode olli, tbOM prodncti wbleb 
are In graatart demand baa enonneoaly bereaaed with¬ 
in tha laat fow years. Aa a reanlt thare b modi baa 
of any waata pcodoet to be thrown Into the waste tonka 
and aacrlfload under (he general term of fnel dl. The 
prices of thb mttorinl rose algidflcantly In nil pnrto of 
the eastera Soldi. Low prices for foel oU In the fMoie 
win depend dibily npon the prodnetlaD of oO of all 
erodes. In andi qnut^ tkat mndi of It can only And 
market aa ML 

Within the last fow moothn, howerer, the tendeocy 
toward ^per (od oil hna Inerensed beenns^ of the 

• rtoBtbeMOMtsflbtlblMItataamlsnieainBrvqrM 
tbs Piednettan of Mroltna In UU. 



prodDdnf of low-gmde erode oils in brger qnantlty In 
tbe Onlf field of fAnibbna and Texas—that b, at Vln- 
tMi end Edgerly lii Luublana. in Orange Ouutity In 
Texas, and alsu at greater de(ith In the old Uelde of 
Sour Lake, Saratoga, and Batson, In Texas. 

Tbe mld-Contlncut llplde are fordiig the hcavlpr oils 
of tho (Julf region to Uiid a uiurkpt olecwhere, chlufiy 
as fuel. Thp«e Gulf oIIh yield giHvl lubricants, but 
only a muhII proixirtlun of the NUpiily can fiud n market 
fur that IlmltisI uae. Farther, the large fleet of tank 
Ntramers lately built vnablos Mexictiii oils to Invade the 
eastern coast of the United Statee. Tills makes It prob¬ 
able tluit a largi* use ol fuel oil may become b feature 
In msnufacturliig enterprlseN of thu esst coast region, 
and Hint while this use Is Is-liig develu]s-d ftireful study 
will Ih> given to mixleni niellKsls of biiniliig iilU In 
Internal ■■ombustlun engines. It slioiild Im borne In 
mind, however, that If this Hiilwtlliitlon of coal by oil 
nvclves very gn-al favor the niovcnicnt would easily 



Klg. 9.—The Kelss stereoscopic leUneter. 


overlsx the IliulliiUiais of all the tank Hteaiuers In tbs 
Iraile. In the lueiiiitline, the advantages of fuel oil for 
insrliie engines are mi great that tbe navies of the world 
will demsnd It liiilependeut of Its price, find the mer¬ 
chant marine will be obliged to give thb matter ex¬ 
tremely earefiil consIdeTatloin. Shonid an outlet for 
fuel oils really be opened by one large transatlantic 
steamship line, the effect upon Uie price of fuel (dl 
would he marked. 

Hmeat ForeouU for 1915 

Tiik BfsinI of Agriculture and Fbberies have received 
IIm> following Information from the Intomatloiud Agri- 
iiiltiiral Institute; 

Iteixirts have been received on the sowing and the 
ishhIIIIoii of winter cereal crops In the Northern Hemi¬ 
sphere. 

ItrgnrdlDg tbe extent of crops, there b an Increaae 
III the area miwn In issniwirlson with the lUU ares of 
wheat In Italy acres, an Increase of 5 per 

ei>nt), Id (lanoila (1,268,000 acres, an inemsoe of 88 

.K 



Fig. T^-Prlndpto tdMstor scab. 


per cent), In tbe United States (41,24tl.0(l0 acres, an In- 
ereoiie of U per cent), and In India (2H,(W1DOO acres, 
an Increase of 2S per cent). For the present crop eon- 
dlUona are not generally stated to be abnormoL 
For wheat tbs 1014-16 harvest forecasts are svallahb 
for Argentliit, Chib, and Anslrslla, the total prsMt 
crop In all tbase oonntrles being eetlmated at 181,7411,000 
hondredwalghts, oompered with 128,004,000 htindind- 
welghta In 1018-14. Tha excellent yields (ff Argenttos 
and OhUs laigsly eamptasnte for the reduced ettv la 
Anfotillni tbs ImUmi DnOg rsfoyrapb, 
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Atoms and Ions—IV* 

A Comprehensive Discussion Elspecially as Related to Gases 
By Sir J. J. Thomson, O.M., F.R.S. 

Ck>ntiiiued from ScixNTinc Ambbioam StjrpuuiBNT No. 2064, Page 311, May IS, 1015 


IR opening tbe fonrtli of bta li>cturee, tbe laGtnrer 
Hald that hr wlabed to draw attention to caaw of lonlaa- 
Uiiu produced by beating rarlona aaltn. Tbe ptob- 
IcniH here Involved bad two aapcctn, according an tbe 
eIoi-trl<'lty wua lUwnitod from the eolld ult Itwlf or 
from I ho vapor ucenpying the apace Immediately above 
It. It WMH necoaaary that thc«e two oapecta should be 
kr|it ninirt and eonaldertal separately If clear ideas os 
lo the imliirc of tbe lonliatloii were to be attained. 
Will'll certain aolta were heated llicre was, he proceed¬ 
ed, a uiiirkcd production of electricity, the character of 
whlf'li WBM found to depend a great deal on tbe nature 
of tlie Halt. Where the electricity was liberated from 
the Holld salt there was In some cases a marked excam 
of iKsiltIvu electricity, while with other salts It was the 
negative electricity which was In excem. 

Taking ii little aluminium phoaphate and raising Its 
temperature hy-meaiia of an electric heater, the lecturer 
Hhoweil that when a plate cuimcctod to an electroscoiie 
was brought over the hot aalt, the electroHCDpo was 
rapidly dlwbarged when Ita own eluirge wai negative, 
hut that the leakage waa Inalgiillleant when tlie eleetro- 
mniie WUM pualtlvely charged. WTien aluminium iihoa- 
phale waa healoil, he proeoedeil, positive electricity 
waa produced In great excess, while with other aalta 
Himllarly tn'nt4'd It waa tho negative electricity that 
waa 111 eieesa. Whether tbe one result or the otlier was 
attained depended niam the chemical nature of the 
salt, and he hud found an Intercstlug connection be¬ 
tween the character of the charge llherated by heating 
and that liberated wlion tbe salt was crashed In an 
agate mortar. Moat salta, ho said, gitt eleetriUed when 
curefully powdered, and tbe sign of this eleetrlflcatlun 
waa the aanie oa that of the clectrlHcatUat iirtKlnecd 
when the Halt was raised to a high tmnpewture. It 
would seem, therefore, aa If In both cnacs tho etectrii-tty 
waa doe to the tearing off from the aolt of a aurface 
layer of elm-trlclty sprend over IL If thla layer was 
removed to sumo extent by luwderlng or by heating, we 
should get exactly the effects observed. 

It was Important In inch caaoa to know what was 
tlie carrier of tho electricity prodiioed. The uaiiol 
method of meoanrlng tbe man of the carriers was not 
readily apidlealile In experiments of thla kind, aa the 
high temperature would affect the photographic plate 
or phosphorescent aereen used. Another plan was thorc- 
fon' adopted. A plate eoiiiioeted to an electroscope was 
placed parallel to the plate supporting the heated salt, 
and betwci'ii tho two plates and parallel to them a 
Ntniiig raagiietle Held was estaUlohed. If the Held were 
destroyed, every oleidrllled particle from the salt would 
reach the oiiimsliig plate niiil help to dlwharge an olee- 
IroMTope eoiiiiected therewltli. On re-eMtahlb<hlng the 
Ueld, however, tho magnetic foroe would curl ronnd 
the iwlhs of these particles Into rlirlcs, and the strong¬ 
er the Held the sharper would be the curvature of the 
tnijwtorles. Hence hy making the Held sulHdently 
strong, the nriilts of the particles wnnld bs bent ronnd 
so iiiueh that none of them reached the opposing plate, 
hut fell back on to the salt below. Hence by varying 
I lie magnetic Held, It was lawslhle to pass from a stats 
In which nil the pnrileleH reached the oiiposlng piste to 
one In which none of them Old: and tbe transition was 
a pretty aharii one. Knowing tbe distance at whldi 
the imrtlclea Just failed to reach the plate, the ratio 

— eould bo Hutormiuod by means of the equation: 


where d denoted the distance between the platen, X the 
electric force urging the pnrtlelos from ofM plate to 
the other, and II denoted the magnetic Hold. 

Prom experiments based on this prinelplev It had 
been found that when either sodium or petasahnn was 
contained In the salt heated, the rarrien of poaltiTe 
clertricity were nearly always atoms of one or otlier 
of these metals. Indeed, Prof. Rlduinlaon had gona 
BO fhr as to maintain that atoms of alkaline matela 
were the carrlara In all caarn, whether the salts were 
or were not mppoaed to contain mallnm, tbe tlkaU 
being preeent, In Atet, as an Imparity. 

Tbe speaker had blmwir made rxpertmente no the 
natnre of the egrriers proilured when platinum waa 
heated, and tmnd for them, In thla coae, an ateole 
weUht oC at, which dUad In very wdl with '^tbe aqp 


imsitlon that the carrlen were moieculce of carbcD 
monoxide. He believed that In tbe majority at eaaca 
It was the gum abaorbed on tbe surface ot the bodies 
under Inveattgatlon which provUad tbe cnrrlera, and OU 
was always given off whan metals wen hrated In 
vacuum, and hla own experimenta anpported tbs view 
that In such cases the carrlen were nudacules of thla 
gsa. If tbe carrlen were sodlom atema, the atomic 
weight found sboold have been 2S Instead of tbe 20 
actually oboerved. Nevertheleoa, In caaoa In which the 
salts under Investigation actually did contain sodium, 
nichardson bad got very abundant eleetrlilcatlea, allow¬ 
ing that oodlum and pobuslum were very well adapted 
to serve aa rarrien of pooltlve electricity, but the lec¬ 
turer could not accept tlie view that the carrlen woe 
In all cases atoms of these metale. 

He would next consider cases In which the elcctrlll- 
entlon nrose from the vapor ot the salt, and conld be 
ilctcetod even If this vapor were sneked off Into another 
vesHcl. and tested there. Thla phenomenon had been 
H|svlally studied hy Hehmidt and Kalandyk, the latter 
working In the (IsvendlMh laboratory. The vapon ex¬ 
amined were tlusw of cadmlnm Iodide, line Iodide, and 
line bromide; theae vatsira abowed a high conductivity, 
iind there mnut therefore have been a separation of the 
lioHitiTe and negative charges In the molecule. By de¬ 
termining the way In which this conductivity varied 
with the temperatnre. It was poaalblo to raleulate the 
work reqnlred to separate the charges, and In thla way 
Kalandyk had found for cadmlnm Iodide the valne 1.TU 
volhi, which. It would be seen, sns very much len than 
the R volts reqnlred to Ionise mercury vapor. This waa 
an Interesting Instance of lonlsatlan being effected with 
n very amall expMdltnro of oiergy, and apparently 
I lie lonlxatlon of the vapor of this salt might be con¬ 
sidered to be a genuine Ionisation of a gas, effected 
with an energy expenditure of leaa than S VDlta. There 
was, however, one suspldous point In the matter—via., 
that the lonUatlon was greatly increased It a little 
water vapor were preoent There were other cases 
In which the presence ot water vapor had a marked 
effect on the production elactrlclty. Thns, If sul¬ 
phate quinine were heated to about UU deg., and 
allowed to cool. It gave ont electricity. If the cooling 
took place In such condlttona that water vapor could be 
nbsorbed, bat none If water vapor were ezduded from 
the cooling salL In all these phenomena we found 
throughont the enormous Inflncnre exerted by the pres¬ 
ence of dUfcrcDce snhatances. When the greatest pre¬ 
en iittons were taken to purlAr tbe bodlw under Invrstl- 
gatlnn It was found that In many cases tho effect dlmln- 
Isbed to a mere fracUon of Its original value. For ox- 
nmiilc, tlK> purer aluminium pbospbate was the less was 
the electricity produced on heating It Again, Pring 
nnd Parker luid found that hy taking extrsonlliiary 
enro to get rid of tbe gases occluded by carbon, tho 
lonlxatlon iirodured by heat waa dlmlnlsbcd to less than 
one millionth of ita original value. 

All through these obeervattons the Importance of mix¬ 
tures was. In fket very evident and In all these cases 
wc were perhaps In the presenee of the ddest type of 
Ionisation known—via., the electrillcatlon produced by 
fricUon of dissimilar bodies. Tbts was tbe original 
method of producing electricity, and os yet but little 
detlnlto was known about It 

Tho hypothesis which tor tbe preoent fltted In best 
with the facte observed was that when two different 
molecules oame snlllclsotly close to each other, there 
waa a tendency for negative etectrielty to paia frooa 
one to tbe other. In genaraL bowever, lultidmit anergy 
was not available to separate tbe positive and negative 
charges from each other to any appraclaUa extent; hut 
the bond between the two had, as It were, bean cracked, 
and the operation could then be completed by brute 
three, applied either mechanlcalty or by boat traatiamit 
Tolta was not able to show tbe siectrMty produced 
by contact of copper and line, but on paBtag them apart 
again—an operatloa requiring the expenditure off week 
—tbe effect produced wes large enough to nOeot eren 
his comparatively tnaensltive Inatr um e B la. Oa tUa 
view, tiM putting off two dtffUrent moieealea tmatlwr 
served oa a delleato tool oapoUa ot atarUng Oa IsM 
between tba ^rges, patting them Into a atatd la whMi 
the aepaiation cmdd be completed hr ‘WdiMr tabor” 
In tha ehipe ot fridton or ha^ Thto vlewpoliit OMde 


axomlnatioo. Thu tbe hydrogen ooduded In oharooal 
ntsnlug Into contact with the motooalaa off oathoo pro- 
dneed a dlfferenoe off eleetricnl cnndlUon, and than a 
supply ot but fnnilalied tha anergy neoeeuty to oep" 
erato the podUve end negative dwtgaa to aa appredF 
able extuL 

Having ooulderad eo far what different afanto pte- 
dooed tonlutian, the lectnrar eald he would next dia- 
cue e cut In whldi dectrUeetioa wu obaerved, Mt 
ot whldi the origin wu moot obeenie, ordinarily air 
s-os reurded u devoid of oaodnottvIlT, beliig a typtool 
Insulator, Weverthdeu, very ddhate experimenta bad 
shown that onUury air did pouem a certain amomit 
of eleotrlGlty, thongh not very aineh. To demooatrato 
this tho lecturer iwked a large quntlty of olr thrangh 
a tnbe, along the center of wbkh wu a wire eonnectod 
to an electroocope, the wall being eerthed. On aettliig 
tba pomp to woili, the electroeeape abowed e very elUfht 
bnt contlnnom teas of rhari^ whldi atopped on atop- 
ping the pump. Tbe condnctlvlty whlA cauaed this 
Ion of efaargo was, the lectuer eald, In part du to the 
presence of mdlnm m Ha eneution, which. In fact, 
was respouslbln for abont half the oondneUvtty tonnd 
In the air of an ordlury room. If, however, the con¬ 
ductivity wu mtasnred of the air lulde a box with 
very thick walls of lead, thu acraenlng out any action 
of raillnm, some condnctlvlty wu atUl to be obaerved. 
Himllarly, If tbe state off the air wu moasnied In mid- 
ocean, near the center off a f rea u laka^ or In othar 
places where tha effeeto of ndtnm were exdnded, tlila 
resblml comlnetivHy eras always pateaptifala. Kaaa- 
uremente made nearly aU over tbe world showed, mo» 
over, that thla reaUul eondnetivlty wu mnoh the 
same everywhere, from Oaneda tomaar tha Booth Pota, 
In amount It eorrasiModad to the prodnoUon off fimr 
Ions per second per cubic oontiiiieter off air. This might 
seem so small u to be rldlonloaa. and. In Ihot. the yeai^ 
birth-rate ot Iona agalnet the moleonlea off air wu tau 
than one In a mUlloo, but thla residual ooudnodvlty 
was, iieverthdcsa one off the most IntoredJiig probtau 
how under conaldtratlaii. 

These four low per cuUo omtlaieter per second were 
prodneed whatever the regloa of tho globe In whioti 
the experiment wu made, end whatever the material 
of which tbe box wu cons tru c te d, nnd this occurred 
with the walls ao thick that no radladoo off eddob wu 
had u yot any experience oonM penetrate from the 
onlslde. How these lou were prodneed wu tbe prob¬ 
lem. It might be thought that they were canned by 
molecular coUlalomi, aliMo by tiie klnotlo tbeoty of 
KaNfM partlcnlar-psrtidca might poaseu on abuonnal 
energy, snOlclent, perbapo, to liberate electricity on 
colliding. On thla hypothesis, however, the rata of 
loiiUaUon should Increase very rapidly with a rise off 
temperature, hot apparently temperature changea bod 
no appreciable effect Throughoot a range extending 
from 0 deg. Cent to 180 dag. Cent the nmaber of lou 
produced wu pnctically constant wfaereu did they 
originate In a bombnrdident by exeeptiaially qntek 
molecnlsn, the rnto of lonlntlon khonld have been fitr 
more at 180 deg. Cut than at 0 dog. Cent 

What the explsution might be wu a matter ot ob- 
Norblng iDtoreet The condnctlvlty conld not be du to 
a special radiation from the walla of tim rrmol. u the 
lou were prodneed at the same rate per enhie centi¬ 
meter wbatevw the slu ot the vemd. oHHoagh In mian 

vessels the ratio of waU aru to enUe eontut wu gl«a^ 
er than U wu in Urge veutia At pteaant, tadaed, tha 
whole matter wu a myatary. Plrhape the gu ttartf 
gave ont something lOa Bdatgu rndlatioii, vrtdeh was 
ehangu or poatihly It 

with the air la very uhII qnantitie*^ whi|i liu 
lonlaqd al ordinary tempei'alutu. At pruMt bowavar, 

we bad no Ught on the aowu off thus flmr toM pw 

centlmotar par Mengd. whleh weft MBOffttitf te,. 
ordlury air, after t%»rtan>al taM^mem wwh ttritojid 
out n would, the leotnier said, ha very inta i u HB i to 
try bow thk mMuI ondMvtty the 

utereof ttegaAhBtuguffu halmtWBoUBibV; ^ • 
hadyetlMuaaAbuiMaiiad, 

In tawBoiri U tebar gtktewhM* tktM 
dM«, ttt Isu peddneoB ^wtth hrogtlf'abiMBlaS'.'ly'ilA. 
dut. and the 

Mclu. and pot by lfc» M y #u g | gi. IgStSi^.r 
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iHr* tcmstMautr 4wt vuaom, tue «d«etrtcitjr 
i«Mi B«« boM^ bdn( ownM b; molcealMk A 
peoalluitr fond bj lamsvte wu ttiat then were iw 
I4H iBtenMdtato tn ilM bttwMO malMlw umI Rreat, 
bMTf Uitnf» like dmt partlde*. Under ■ field of 1 volt 
DM cmtlmetcr *1iioleoiil«r" Icni wonld more at tbc mtc 
of 1 eentlmetcr pa^ Mcend. whoa the ‘^naf tone In the 
aan^JMd would only iwrae at the rate of 1/1,000 uUll- 
meter pet aeoand. I^marrln had naed a rery tnicniloiw 
method of determlnliif Uw type of parttde preaant 
Feariofi a atream of air through a tube aoraaa which an 
(deetrlc field waa aatabllahed, the particlefi were im- 
pallad toward the walL With a certain atrength of 
field all Che paitldoa of a parttcOlar alio within a' given 
dilataoea from dm wall would be drawn down and cap¬ 
tured befbra they aaeaped from the tube. Ry Incmudng 
the field, the thlrknoin of the layer from whb-h the 



H 


whole of the Iona were munivcd would be Increaiwd, 
oiui, (Inally, a certain atage wnuld be tearhed at which 
all the Iona of that klial contained In the flowing 
Mtrlpuin wonld be removed. Up to thia atage, aannmlng 
one kind of Ion only to be praaciit. the number captured 


would bo proportlonnl to the olw-trlc force, no that a 
graph between tbie force and the uumlier of Iona cap¬ 
tured would have the form Indicated In the annexed 
diagram hy the A ff r. At the iwlnt R the whole of the 
Iona would hnve been taken ont, and no fnrtber Inoreaae 
In llie electric force would nilKc the number captured. 
There would thua In> ii abarp kink nt the (lolnt H. If 
the loiiH had been of n more nluwly innvliig kind, a flat¬ 
ter curve, anch aa reiircmMited by A <1 If, would bo oh- 
tnlucd, the kink at (I denoting the point nt which all 
tboHc heavier Iona had been captiirod If, however, both 
kliida of loiw were pn>Hent In the ulr. the combined 
curve, having the two klnka I J, n-oiiUI he obtained, 
klflch kink. In fact, dcnotctl the c.xInIciiiv of a dllTcrciit 
kind of lull, iiiul laingeTln'H ciirsc conliiliH<d two kliula 
only, ahuwing that only two 1 >ih-h of Iona were lircnent, 
one being gaaemiH moleeulca, the olher inirllelea of ilnat 
(To hn fonUniiett.) 


How Much Albumen is Needed in Our Diet?* 


Interesting? Results of Some Extended Experiments 


I'aor. Max Rvkibi aanertn that the quantity of albu- 
mm tequlrad to keep the human urganlam In balance 
Tarten with the chatader of tho diet, bccauac the albn- 
mena of fooda dUfer In nutritive value, ao greatly that 
a man raqulrea 81 grammea of the albumen of bread 
tor bl8 dally naeda, which am aatlafled h.v 25 grammea 
of the of meat. Thla etatement la iMned on 

expmlnwnta In which men were fed on bread almie for 
three dayu. The minimum dally Iohm of nitrogen In tho 
urine wan 18 grammea, the nnaiillly cmilalucd In 81 
grammea of albumen. Flenco Rnbner conclndcii that 81 
grammea of albumen moat be niwirallatcd dully; 81 
grammea of dlgcallble albninen eorrcmioiid to 00 or 100 
grammea of total alhnmcn. The iiilninmin ration, how¬ 
ever. ahould ho Homowtant execcdcvl In a alendard diet, 
and no Rnbner approvea Volt’a old (lally iiMowaiico of 
118 grammea of albumen. 

The atatemeot that 81 grammea of albumen dally are 
reqnlrad In a diet of bread alone hna liecomo a comer- 
atona of dletetia doctrine. Aa my earlier experimenta 
with thla diet had ahown that tho dally elimination of 
nitrogen conld fall much below 1.8 grammea. I decided 
to iQveallgate tho queatlon Itaoniugbly. For thla pur- 
poae two atnmg young men, 27 and 22 yeora old. were 
fed almoat exclualvely on bread, or on bread and fruit, 
for olx awntba. from January to July, 191.T The ex¬ 
periment waa divided into periods of about twelve daya 
each. It began with three pcrlnda of a irare htcad diet. 
In the drrt period tho mean dally excretion of nitrogen 
waa 0.0 grammea, the amount decreaalng from 11.8 
gramniM on the flrat day to 8.8 grammea on the tweltih 
thv- Tlla mean daily Intake of nitrogen In the food 
waa only 0.6 grammee. aq tbero waa a moan dally Inaa 
of OJI aiamme. In the aeoond period the mean <lally 
excretion waa 7.6 grammea and the Intake a.l grammes, 
ibowliig a gain of 0.5 graromo. In the third period the 
exeratlaii waa 7Jt grammea, tho Intake T.d grammov, the 
gain 0.1 gramme; 7.4 grammea of nitrogen correspond 
to 46 grammea of dtgeatlble albumen, n qwntity very 
moeh amtiler than Rnbner’a 81 grammes. 

In a reoearch of thla eharacter a three dn.va’ test la 
utterly worthtasa, because It takes the orpanlsra from 
six to tweire days to come Into ninlllhriain wlili s new 


slbuBMO ratloa 

The equIHbrinm waa maintained, even when the nlbn- 
mea In the pure brand diet had been reihiecd lo 4(1 
grammea dally. I could not reduce It further, aUhongh 
I used rye vaiy poor tn albnmen, eoarsely grnnnd and 
unbolted, no that ahont 40 per cent of Its albnmen was 
h«t In the fMm The experimenta, however, proved the 
pMettanfly Important fhet that a pure breed diet auin- 
doht for general nutrition snppllea enoogh alhnmcu to 
(•ter tlfo daily outgo. 

ThamMeany. It would be Inteiuatlng to Invesdgalc 
tba ponnlbitl^ of matntatntng eqnlllbrinm with a slIU 
MfiRar quantity of albumen, in mno old experimenta 




o gnlijiict conld 
nat 'lt for a tout pwlod. in other expcrlmenla sugar, 
ntniehi ntf Ikt prepared In vnrfona wayn, were naed. 

Rfoineud nauaen, beartbum. gaatrtc palna. 
Md 4Uin1MiB tfobody appaata to hate tboaght of the 
ifotl^:«dNidUo|r<^kMngfratttoabi!uaddlet fllraw- 
contain little albnmen 
IMt afuliimn, and tbay can be eaten 
-A j^lptaue dtab can be made 
~ i found that a diet of 

i tfonhtan. A typical 



rla^ktM sni opnoso <000 giamniea) 
nod m mincer 


each of sugar, starch, and margarine. This rathm con¬ 
tained a4 grammea of nitrogen, itt which only .TB 
grummea were aaolmllalnl. the remainder being ex¬ 
creted hy the bnwela. Rut kIIH the body gained nitrogen 
slightly, for only 8.4 grammes appeared In the nrinc; 
8.8 grammea of nitrogen corroaimnd to 22 grammes of 
slburoen. Tbla la little more than raw quarter of Ruh- 
neria minimum (81 grammea) and la even leas than his 
inlnlmiim allowance of meat albnmen (215 grammes). 
8lmtlnr nwnlts were obtained In aevcral cxpcrtmontnl 
IN'riods. The albnmen of breuA therefore, la equal to 
(he nlliumen of moot in nutritive valno. 

In earlier experimenta. In which two anbjerts lived 
for a whole year nntlrely on potatoes and margarine, t 
f<iund the minimum dally ration of albumen to bo 20 
lo 20 grammes. This resnit also Indlcolcs Ihst vege- 
tslile sihumcn la oqnal to animal albnmen In nutritive 
vnlue. 

It may he asked whether my snbjeeta rematnnl 
healthy and vlgorona on these diets. Rubner asserts 
that deprivation of albnmen prtalacce slngglshncsa, 
wsakneaa, and nnwHIIngness to work. If 81 grammea 
of albnmen dally are required to maintain mnscnlsr 
strength, my mihjeots had good reason for weskneso. 
tn 162 days one of them received only 8.287 grammes 
of digestible nihnmen. Instead of tho 18,122 grammes 
enrrcapondlng lo the dally minimum of 81 grammes. He 
Hhonid. therefore, have Inst M kilogrammes of nlbnmen. 
mrrespnndlng to 40 kilogrammes, or 88 ponnds, of 
mnscle 

This Is more muacle than be powesoed nt the sliirt 
and, ns loss of ony oonsMeraMe proportion of the mns- 
mlsr weight la fatal, he should, theoretleslly, hnve died 
several times In the conrso of tho experiment. This 
man, Frederik Madsen, has now lived for twelve years 
on a vegetable diet exceedingly poor In albumen. Dur¬ 
ing the last eight years he has acareely tasted milk nr 
eggs, which many vegntarlans rorouime In large nunii- 
tlHes, and has very seldom ealeii bosns or pens For n 
wholo year he lived on margarine and potatoes, which 
usually contained only half of the normal percentage of 
albumen. In tbc following year he mihmltled to tho six 
mnntha' lent descrihed almve. On Rnndnys and boll- 
days, when he Is not employcil In my istiorntory In 
ropenbsgen. he works as n gardener, partly In order to 
earn money, partly for the sake of ezerdae. Tils rapac¬ 
ity for work Is so remarkable and so well known that 
he easily finds employment at high wages During tlic 
spring of lOl.T In the eonran of the idx months' test, 
ho worked In thla way at a villa aevcral miles from the 
elty. going and returning on his btcyclc, and working 
from one hour after sunrise until dnrknesa compelled 
him tn stop, without tasting fnnil. (As a rule he never 
nita during working hours except at my reqiinst, nnd 
he has never been Induced tn drink anything lint 
water.) Ills employer tesitnes that work seemed piny 
to him. and that he accomplished nn astonishing amount 
of It, with nevcr-fUItng cheerfolness and good humor. 

In order to teat the powers of Ihe other nnd younger 
subject T allosrrd him. after Ihe exncrimmta wore fin¬ 
ished, to take part tn a "Maralboir’ race of 263 miloe, 
although, na be waa etiHrely untrained. T did not expert 
him tn complete the course within Ihe time limit of 102 
hours Dr did an, howerer. In 06 hours. 

A diet poor In allKnnen appears tn limrraac endur¬ 
ance. I have never heard of a great ratal enter winning 
a long-dlatanes nee. 

It caanot he denied that meat "taatra good" lo most 
permnia, er that It attniulatea raetahnilian. aceelmtes 
oxMstlaa. and thua produees a tempnrarv fooling of 
smnntli and eetofort Rnt the organs seem unable to 
•Bdtti* tifia itliwlttlw for long periods. Tho mortality 


from dlseeses of the liver, kidneys, and bowels Is thren 
or four limes greater among well-to-do dty dwellera 
tlitiii among ((ensaiits living chiefly on bread, potatoea. 
and fat. The Eskimos, who eat large qnsntltlra of 
meat, seldom attain the age of 60 years, and the mor¬ 
tality between the ages of no nnd SS la four times 
greater In Orvenland than In Denmark. 

I am not n strict vegetarian, but 1 eat very little 
inenL My experiments have proved that heolth nnd 
strength (Xin be uinlntnlned nn a diet of whole grain 
liread, flit. polaliHw nnd fruit, nnd erpcrlpncp has 
prored the sainc thing n thousand times. This flirt 
imssesecH great Inti'reat In Ihese times of threatened 
Hcarclly of food. Army rations are sonictlmes nnratls- 
fnetory because they arc too complex. The Arabs lire 
on bread and bananas and oxblblt nn endurance Hut 
Ihe French and Italians find dtflleult tit nrereome. The 
dally ration of Ihc BIkhs of India, eetmted to he the 
heat soldiers In lbs world, conidsis of nlioat one pint of 
milk, 2S ounces of meal, 2 omieos of hntter, 4 minces of 
beans, nnd tl% ounces of potatoes. Thi'.v eat meat only 
two nr throe times a month. 

Measnrementfi of Radium 

Is the remmtly Issued cinsilar of the Rurenu of 
Ktandnrds on fees for various tests nnd Inrnetlgatlons 
the following Information In regard to radium Is given. 

As recommended hy the International Commission 
on Undliim Btandards, nil determinntinns of the radinm 
content of bermcttcnlly scaled Hisvlmcns arc based upon 

II romparlann of the iwiiel rating gamma radiation of 
the specimens with thnt of Hie standard. 

This pcDctratlng radiation proceeds not from mdluiii 
Itself, but from nidinm—C, ime of the dlfrintegratlon 
pnslncfs of radium. Consequently. If the products of 
iIlsIntpgrnHon nre eoHrely removed when the salt Is 
sciilcd. there will ut flrst be no |M'uetnitlug radiation 
wliiilrvor; n measurement will glie no Indication of 
llic presence of any radium In Hie specimen. Owing 
lo the eontlniuil illslntcgratlon of the rmtlnm atom, the 
nnsliicts of illslntcgratlon will nt once begin to nceuinii- 
liite anil nt the end of four days radium—C nnd conse- 
■mently Its iienetrollng rndInHon will have reached 
iilsnit one half of lls cipilMlirInm value: and at the end 
Ilf n month It will Is* within n half of n per cent of 
Its rqnllihrliiiii vnliie. After eqiillihrluin Is rcnchml Hu" 
Minoiint of radium -C In the specimen n-miilns consinnt: 
or. rather, lo Is' exact. It decreases nt the same rate ns 
rnilliiin dlsliilecrates, namely, nhoiit one half In 2.06(1 

On the oilier hand. If only radium emanation (n 
gRsisuis disintegration pnsliict of rndliim) is sea Ini 

III II liihe, the nniiiiint of nidliim ■ C which Is In oqnl 
Mliriiiiii with Ilic niiiniint of emniinlliui will he formni 
IIIIIIOHI liniiinllHicly. nnd an iiliserviitlnn will show the 
pnwcnce of im Intciixlty of the iK<nplrntlng radiation 
which Is cqiiid to thnt cinittnl liy n liils< which mnlnliis 
n certain nniisint of rndliini nnd which lins hn-n scnlnl 
for over n inonlh. Tlint Is. n tiils> containing nn radium 
may give n pcnetrnllng rndliilloii npinl to thnt given hv 
n liilio containing radium. 

If the tube containing only nidliini ciniiiiiitinn and Its 
dlslnfogrntlon pnsliicts Is ohservnl iigiilii fonr davs 
Inter, ttn penetrating radlnllon will Ih> foiiiiil tn he nnlv 
one half of what It was liefore; nfter n mmilh the radla- 
llmi will have pracflenlly dlsiippriinsl. 

Thus, It Is evident that no innelnsUin ns to Ihc 
amount of radium In a tube can Is- drawn from iiicns- 
nrements made upon a single day. The nHiinl amount 
of radium may be either gnsiter nr less than thni liidl- 
rstoil liy the ohserveil Inteiislly of the |H>nelrating radln- 
tlCB. 
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European Aeronautical Laboratories—I* 

Their Organization, Equipment and Methods of Investigation 

By A. F. Zahm, Ph.D. 


Udbinu Aufuit and H«plember, 1913, In (ompany 
with Jaroma O. Hunaakar, AmUtant Naval ConatninUtr, 
U. H. N.i I viidtad tha prinHpal aaronautioal laboratorit-a 
near London, Paria, and OStUngen, to atudy, in the in- 
toroat of the flmithnonlan Iiutitutlon. “the laUat develop- 
menta in inatnimente, niethoda, and reaoiirww ueed and 
oontemplated (or the proeneution of wientidii aoronau- 
tieal invcwtigatione." 

Thitai oalntdiHhmwitH n>wmi)le eacli other in Home im- 
IHirliiiil fentiireH, init diner in otlierN. Ali un< devote I 
III Inilii wadeiiiie luui eiiKiuei'riiiK iiiMaliKatioiiH. Ail 
are dinvUHi by higlily trained HeientiBn and teeliiiiiial 
men. The dirivpim an- not men-ly exiHiutiveH; tliey are 
the teuhnioal heaihi -HuieutiHtH or eiiKioeeni speeiBeally 
quallBud by auiienor training in aeniiinulioal engineering 
and iu Inuuedlately iMgiuto branehea -who initiate the 
nM«roh«a, and aaewt their teehnleol Htafla in duMHing 
apparatiu, interpreting nwultH, and making Hyatemathi 
niportH. 

The MlabliHluiiMiilH differ in their organiaation. re- 
auuniea, and ixiiiipnienU. and, to a eunalderalile extent, 
in tlie aeopo and nliaraeU-r of their invmtlgationx. Of 
the live liiHtitullouH mentioned, the one In England and 
tlie one at (lattingen are now Hupported largely by 
goveniinenlal apprupnatiomi; and the utber three ore 
maintained by jirivate eapital, allotted aa nx|uimd, or 
aeeriiiiui from rei<H or endowment fiinda. Again, the 
lalHirmtorieH near laiiidun, at Ht. Cyr, and at Aiileniliut 
are praetioally unlimited in the Hoope of their roHeapehoH, 
while Ulffel'a and tlie (Idtlingen laboraUiry have ounBimd 
thrir aetivitiee aulMtantiolIy to wind-tunnel oxperimonU. 

Thf oeronoulKul retearrhn oj tha Bnln* government 
are in ohargn of the Hritwh Advinory Committeo for 
AoronaiitieH, a Helf-guveming eivUlan organixation whieh 
wan appelated hy the Wmo Minixter of England to work 
out Iheoretieal and experimental pniblemH in aenmoiitieH 
(or the army and navy, and eompriiieH twelve to fourteen 
expert men, under the proddeney of Lord Kaylelgb. 
ThiH eommitioe iniiiateii and direetJ inveutlgationi and 
tieU at tile Koyal Air Oaft Kootory, at the National 
Phyueal L«boT«tory, at the Meteorolagioal OlHoe, at 
Virkon fJen* * Maxim’*, etc. It expenda, in per¬ 
forming it* regular funetiona. a eum exeeedlng the In- 
oome of any private aeronautical labontoiy, and re¬ 
ceived direetly from the govenunnit treaeury. 

The nonimitten la primarily oocupled with work for 
the guvemmont, but aim perform* reaearohee and test* 
for iH-ivaUi liidividiialH, for auitaUe feet, but without 
gunroiileiliig mierocy aa to the reauhe. The work of the 
eoiiiinittee la manifold and ooiniMhaniive. Whirlings 
IbIiIii raiuwunmu'ula, wind-tunnel meaauiumenbi, taitlng 
of euginea, prupellen, woods, metali, (abrioa, vamUieB, 
hydnimeviianic studiee, melimiugloal obeervatkmi, ma- 
thematieal Inveatlgations fet fluid dynamiee, the theory 
of gyruHnapee, M'mplane end dirigible deaign—whatever 
Htudiee will promote the art of air eraft oonatruetlun and 

• aoltbaealiii MlmaUiaaiwa OoUeuloea, vcL 01, Na « 


navigation may bo proeoeutod by this oummltlmi. A 
dotailed programme and tho reault* of actual invmtiga- 
tion* have been publlihed in the annual report of this 
committee. 

M. Kigel haa paid from his personal fortune all the 
expenaua of hi* plant and daborate leaearehee, though 
it is undentuod that ho may sometimes nharge nominal 
fee* for inveatlgations made for private Individuals who 
wish oxolutivo rigliU to the data end result* obtained. 
The general director of the laboratory is Klflrl himaclf— 
wlio iiututia the reaearuhes and publishes the result*. 
Me luw In imniialiote eborge two able engineers, MM. 
Kith and tApreate, aided by three trained observers wliu 
ore akilled draughtemen. Two meobanice and one 
janlUir eoinplete the penonnel. The work of Uie labora- 
tury is all indoors, and ia eonflned to reaeanhea in eero- 
dyuamins alone, or more speelfloally to wind-tunnel 
uusisureinents and reports thereon. 

The insMute ul St. Cyr was founded by Deutseb de la 
Meurth, who gave 9100,000 for the orif^nal plant and 
ha* iiruvided 93,000 per year, during bk life, for mainr 
tenonee. It was presented by him to the University 
of l*ana, and is now under the general direction of the 
prufuasor of phyries, M. Mauroln, aided by a teohninol 
staff and a large advisory oounoil of eminent engineers, 
selentlsts and uffloon of the university, ofllecn of the 
Frenuh guvemnient and members of various oluhs sod 
oeronaulinal orgonixations The staff oomptises the 
direotor in nharge and iiia eeri stent, together with suoh 
Hliidents, two or three at a time, as may oome as tem¬ 
porary volunteers from the Univeislty of Paris. 

The histituto oonducti Urge-scale exp«iments in the 
open flelds as vraO as indoor researohes, mokes investiga¬ 
tions for general publication or for private intorcHts, 
on iwyment'af suitable fees, and permits prlvste person* 
to nunduet nseorohos in tho brimrotory. Ths ioope of 
the work is prootioslly unHmitod, as U the ease in the 
KngUsh aeronautical lahoratorics. A spedal feature of 
tho institute is its three-quarter mile long track with 
oleotrie can (or teeta on large surew*. Urge modeU and 
fult-died aeroplanes. 

The OttHnyen nerodynamiad hberalory was begun as a 
private entarpriae, but U now to be enlarged and main¬ 
tained in part by flnuioial aid of die Kalier Foundation. 
The origlnel building, with its wind-tunnsl, was eceoted 
in IBOfl after the pUos of its direotor, Pnf. Pmndtl, of 
the Univenity of GMthigefi, at a euet of 304X10 marks. 

MNOUHU AUaUNAUTICXI, LABUOATUniSS. 

dfroiMutiral laboralehf* need by the BritUh gosrra- 
SMof.—Of the variona aeroteehnieal pUnti npervlied or 
used by tha BritUh Advisory Conuoittee (or Aeronauties, 


ship of Dr. R. T. QUaafarook, F.R.B., of the 

Advisory Committee for Aeronanttea; Its engineerhig 
department U direoted by Dr. T. B. Stanton; and the 
■ubdivision of thU assigned to seronoutU investigation U 
in general nharge of Mr. L. Bointow. 

The part of the National Fhysiaal lobocatery devoted 
exclusively to oeronoutioe comprisM the wliii11i«-tahle 
houae, the Urge wind-tunnel house and the imsll wind- 
tunnel house with its Ilbersl space for minor apparatus. 
The part* uvoiUble for aeronautioa, but not exolualvdy 
devoted thoroto, ore the general grounds, ths luge marine 
model tank, tlie ample ebops for wood and metol worUiw, 
the store rooms, the olflceR and library, the heatiiv and 
lighting system, etc. 

The leAirlinv-toM* honee, a aepeiato building, U a eofw 
nigatod iron shed some 89 foot square, having oa earth 
floor, and at ite center a motor driven vertical diaft 
whieh supports a biussd horixontal arm and eausM it 
to whirl at any deelred speed, its outor extremity rtinrib 
ing a eirole about CX) feet in diameter, and earrying in 
steedy flight any modd that has to be terted. Themoat 
important use of thU whirling tabU hitherto made seems 
to have been to prove what was demonstrated and pub¬ 
lished in America by myielf about one deeode pnsviouily, 
vis., that a suitably designed prewure-tube enemometer 
Is oompetent to measure the vdoolty of a uniform air 
current soouratdy to one per cent, or leu,‘ and needs no 
caiibmtion when ito reodingi ore Interpreted In oooord- 
■ooe with Bernoulli's theorem. The whirling enn has 
aUo been used to tost modd screw propdlers, but U not 
neoeaiaty for thU work, and ii much U« oonvonUnt for 
the purpore than the whid-tuniid, oa uoed by BIffd, for 
example. 

The targe wind-timnsl keiiN, a wing of the englne^aing 
lahoratery, U a ooiMrete itmetuie 100 fort kn«, 40 
wide and 80 high, having a wooden hwUontal wind- 
tunnel placed equidistant from the side wdU, wd mid¬ 
way between floor and neUing, and supported between 

The Urpi (imod Is vnM 80 febt long and 7 feat aquon 
in croaoeectipn from Its mouth to Itt nlddU; It inpeiuie 
oQoddmbty throng the rest of Its Ungth. IttUiia»«» 
«reii^^|itato^agaUsUte end,MU of the roqn, ila 

dedgned to give a oamnl of flO feet a eseoiid in the faiq 
part of the tunnd. The eemmefa the alr of the doled 

^ tbrmigfa the mmith of the tqand, whMi te 

iUilag, thence tinod^ a metil hontymab, into the 
MlMrlsMital pert «f the tnand. when the modek an 


we visited the one at tha National Fhysiaal Labontory, pUead for stody. Thsnee the air flowa into ihaagMnlad 
at Teddington, and the one at tha Royal Air Ckaft half of tha tu^ flm tiawth (he oimw than 
Ftotory, at Fanbonngfa; but not the m e t eowleglaal UtenflyMttiqtdtboMiaBOMnitelwtieihihaln^ 

etationi, nor the plants of private ecoeeraa wwkfaig hr ~i n .i-ndfimn drniihikin * ¥7^ tlw na 

diaeoiandttee,raehaB^ReksrsSoiisfkMaiUa. ' oba(rwtodtoMtiIlltumaeaMi»'n^e1^iiJZ»Aa 

TketfMmtalPhyMLakm^,m}6Amm^^ Te L. ' 

tothaU.&BiinMo(8tndMdi,Uai)dirlhadltartap- n = UXUIM» 




•t the qppodto end. The air i 


it7 at aU paita of a aeodon, at laaat to a fraotlon of one 
par oent. If doe eare be taken. The axpaoded and per- 
focatad part of tha tmnul it raid to be the final ontoome 
of knf iwntha of trial and atudy by tha teohniaal ataff, 
and baa enabled them to prodoea the ateadieit aerody^ 
luunln entrant in the worid; duia removlnf one of the 
graa t aa t ditteoltlea in the aoeaiate determination of the 
flow and preaaan of air about wind modela. Tbeoumnt 
▼eloelty la reported to be uniform to one bait per oent 
both In time and ipaoe. 

The oomplete etruotun of the tonnd need not be do- 
Uneated hen, ae it may be had better from the caoeral 
piani and detailed worldnu dnwlnci whloh the director 
of the laboratory hae kindly offered to furnieh tha Smith* 
■onlaa Inetitutlon. It may be explained, howerer, that 
~ ' It within the flarlnc month of the 


deinlved d addlae. It may alao bo obaorrod that a giaea 
door if placed on the aide of the tunnel, Ihrough whloh 
one may take obaenrationa, or enter to adjuat the modela 
to bo taatod. 

The eoat of the 7-foot wind-tunnol la glTea aa about 
«2,0in, and of iU wind balanoe about 13,000. Thla, 
with aa expenditure of 912,1100 for the building, makea a 
total of 916,000 for the plant. 

rw eetoeily of tiu air flow in the nneheeked oorrent, 
near the model held Inalde the tunnel, ia oomputed from 


ao produoed la. tween the room and ohamber, V the epeed‘ ot inruah, 
ud a the nearly oonatant denaity. The method haa ainoe 
been adopted at Eiffet'a labmratory and at the National 
Phyaioal Labmutory.' Thla for the apeed of flow; the 
dirootlon may bo ahown by fine xDk tbreada moored in 
Ae entrant, or by floating partlelee, fine atieama of amoke, 
ete. In piuxlng it may be mentioned that tho dirootlon 
of flow in Ae nTwihenV^ Burrant ia parallel to the tunnel 
walla truly to a fraotlon of one degr^ 



outalde of Ae tunnel waU. The aoeuraoy of Ala method 
waa experimentally proved by me in 1B02 at Ae requeat 
of the Navy Department, and, togoAer wiA a maAo- 
wu aet forA in Ae Phytlad Renew the 


at low preaanra ia, for ordinary tranaportation apeoda, 
given tr uly to a fraction of one per oent by the formula 
V-V^^(p,-p), p.-p being Ae preaauro difloronqi be- 


Prandtra beacyeooib in wind tunnel. 

Tht prewrt differtnee in qiieation ia found by ron- 

• More eUletly V ta die tacreeM of veloiatr of the ah 

aa n Oom bora tlie room Inta the tuoneli but aa Um ab Mana 
Irom near raea, tho Inereaaa of veiooitr la pnetirallr tha whola 
Tdodtjr of billow. A awaidarabla emr mar enaua U I'be taken 
aa Uh tniB qned of inflow tor the caaa of a tonnel of iDadlr aeo- 
tlaaiaeaiiiiNiodwIthdiatortlieraora. Thua for Uie eaw Bna- 
Hah tunoal tha enwawdeo la 7 a 7 leaa hi a non whom aectioo 
laSOaeOtbea. naoaatba average apacd of flow tbrougfatiia room 
la 4 per oant of the meed Arooita dm MimiA Hnoe wini e Uihw 


• At the Nadraal Ftareleal li 

and outaldB die tunnel weD ia oorrertad b> uae of a i 
Uoo mitant otrtatnad hj lAaelM * tuba lo it 


noollng the Intoriur of the tunnel wall by meana of ox- 
tornal nipple and hoao to one branoh of a U tube mano¬ 
meter whoM other branoh opena Into Ae quiet air of Ae 
room; then obeerving the dISerenoe of levrt of Ao liquid 
InAetwoarma. Meawmeten are made In many forma, 
aooording to Ae aoonney deaind. Tho Bngluh one, 
known aa Ae "Chattook Adng gauge." made pnUio In 
1908, meaauies berometrie preaaura difleraioea truly to 
one five hundred thonmndA of an atmoapbere. My 
gauge, made in 1002 on a dlfferant irinalple, wm gradu¬ 
ated to miUiontba of an atmnepbora and for Ae moat 
aoourate meaBUremeuta of atatie preeaura dlflareneea waa 
alwaya read to temtha of a g^uatton. At BUfel’a 
laboratory, and at varloua other pleoee, a lea aoourate, 
Imt aomewbat alimUr, manometer gauge ie uied. It 
eonalatn merely of an Inellnud aloohol tube auitably 
mounted lieiide a graduatod aealo. The latter inatru- 
moDt, a long known typo ot gauge, I a ' ~ 


ilfor 

roronoe botweoi aome atandard prenura and the aotual 
prenure at varions pointa on the autfaee of a model, or 
elaowhere. Thua one erm of the U tube may be oon- 
nented wiA Ae internal aurfaoe of the tunnel while Ae 
Ollier arm ia conneoted aunneaaively to verioua pointa on 
Ihe aurface ot a model. The dlfferonee between Ae 
atandard wall preaare and that at each point of Ae 
model aurfaoe may then be plotted, giving a dlagiwn of 
aurfaoe preaaiire diatribulion all over An modeL 
jT 7’*e wind balance. —Beaida Ae preaaure diatribution 
and raulUol preauro on modela. It la doairablo to do- 
tormino alao tho total wind toioe, which ia oompoaed of 
both Ae promure and the friction of Ao air. To thia 
end the EnglUh exporimentaliata uae a bell-orank balanne 
which ia a modifloation of tho typo deviaod and uaed in 
my laboratory, and now employed alao by Eiffel for Ae 
Boonrate meaauromimt of small wind foroM. Tbs Kn^ 
liah halanoo oonaiats of two horlaontal weighing arms, 
pwallel to Ae tunnd, tho other perpondlenlar, at- 
~ ' 1 tube, or arm, supported at its 

center on a oonieal pivot juat beneath Ae tunnel floor. 
The vertical arm of Ae beli-orank balanoe haa ita upper 



















soEirnnc American suppleiieni Mams; 




half extandhic amnigh the taimd floor up to the oenter 
ot the onneot and ii duly ihidded by a ttream-Una 
Ineaainc aheath, wbik Ita lower half extendi downward 
from the plrot and dip* into a pail of oil intended to damp 
tbaoeoillatioiw. Theupperhalfiupitorbialitaoxtromlty 
the wind model and near the pivot hM a unduated Joint, 
CO that it can be rotated about its own axil, and thus 
orient the model ca desired. Blidinc weights on the two 
weighing arms are made to measure the eomponenta of 
wind toroe parallel to the flow and porpendlonlar thereto. 
If the wind farae tends to rotate the balanoe about the 
varlieal axis, this tondoncy, or wind moment on tho 
model, is doUrmlned by obeorving what horieontal re¬ 
straining fiirco must be appllod to one of tho hcwUnntal 
amu to prevent such turning. Thus tho balanoe may 
be used to nMaaure lift, drift and oenter of procrara. 
There are numorous inganioni and Important details, 
sueh as thnee f<ir stodying stability ooalllohinta, wUeh 
oan best be obtained from the BritlA Aeronautioal Com- 
mitWi toohnieal report for 1013, or from the working 
drawings whh-.h the laboratory has fumisbiid the 3mith- 
Bonian Instituliun. Though this aerodynamio balanoe 
is Boourato and niwlorately eonvenient, I am of the 
opinion that aoveral new typos oan bo dovisud whieh 
shall be equally pmohe and probably more oxpoditioua, 
requiring Im adjustment at oaeh change of mode). Sueh 
new typos I have liad in oonUimplation since Ant de¬ 
vising the bnli-orank aerodynamic balaneo. In 1002. 

The imaii wind-lunnei Aouss, a wing of the onginoorlng 
building, is of itruotural iron and ooven rather mote 
spaiw than the room just doecribed. Its ohief apparatus 
is a 4-foot sdnd channel fur testing smali models. Othor 
apparatus bi this room are an engine testing plant, now 
dismantled; a borlsontsd water uhannot, dosnrilied in tho 
Advisory Commlttoo’i roport (or 191^13; and a small 
vortical tubo down whloh tobacoo smoke, formed iit its 
top, oan bo luoked by an up-draught in a parallel pipe 
beside it having a burning gas jet In the bottom to main¬ 
tain a boated oolunin, the purpoee of tho doseondlng air 
mingled with the smoke being to dolineate tho flow about 
modeb immersed tberdn and visible through tho glass 
sides of the tube. 

Tht tmoO udnd-twiiisi la ths working prototype of the 
7-foot tunnel elready dseeribod. Made of one inch lum¬ 
ber, it measures some 40 feet In length and is sup¬ 
ported more than fl feet above the floor by heavy angie 
iron trastle work wUeh also forms the framing for tho 
wooden tunnel wall. The first halt of tho tunnel meas¬ 
ures 4 feet equare; the senond half. Joined to It by an ex¬ 
panding moUd oone, measuroa 0 foet square. Is thickly 
perforated with inoh square holes In Its side, and has ita 
farthar end abutting against the brlok wall of the room. 
In the expsuuUng oone at mid-tunnel Is a low-pitch four- 
blade wooden aotew driven by a stool shaft pnmneding 
from a lOdioiwe-power eleotrio motor on a wall liraoket 
at the large closed end of the tunnel, and capable of 
maintaining an air current of 40 (net per sonoud in tbe 


Mmt tarnsL The ehuMUr of llw air flow lad the 
tnstnmente need art metloaBy tha aaiaa br tha MBal 
ae for the huge tmuieL Soma <30,000 waa axpeadid ia 
devrfoplng and eoattiuettag lUa naD tnnml and its 
appurteiuaeaa 

TAs eeuB weisr cAeMMl, lOBia 4 inabaa aqaan la etiNa- 
eeedoa, haa bean need to exhibit the atnam-lfaM flow 
about modrfa of sUpC hnUn, av^daaa poetn, laeMaed 
wing fmnie, etc. Sv photocn^iloc tha atrsam, dnly 
dotted with tby parti^ of foralgn mattir, olaar pi^ 
tone of tha stnam-Unea and eddlea have baea obtained. 
Tbeae serve to ebow what (oRm an Ukaiy to eneounter 
least reabtanee in moving through a flnld. But it eaa 
hardly be snppoaed that tha phenomana of flow about 
a mo^ alight^ sabmmgnd in a shallow stream of water 
an identbal with those far deq> labiiiirgeBee ia tha 
atmoeidMre, nnbn lor very riow epeads. 

Wind-lowtrM .—On the ground to the weat of the Na¬ 
tional Phyrfeal laboratory bnlldlaga, two wind towan, 
each 60 feet hi^ and providad with rotating platforaia 
20 feet long, an used to datambe tbe flow and preatnre 
of free air about lar ge e e a le models. Tha flrst nsulta 
of such dotormiaatloae wen published by Dr. Stanton 
in the proceedings of ths Institntioet of Civil Bngheen 
for 1007, and later itudiea may bo found b the nporta 
ot the Advboiy Committee. Tbe telthsnnlan Insti¬ 
tution can doubtlen obtain a like lorviee (tom the three 
tell radio towen in its nei^iborhood. 

TAe Kogal Air Crqft Fadort, nnder the diieotlon of 
Mr. Mervb O'Qorman, memba ot the Advisory Com¬ 
mittee. b sdjaeant to the headquarters and flying grounds 
of tha Military Wing,< at South Iteiborough, Ito work 
b oo-ordinatod sdth the aeronautical teaearahra of tha 
National Vhysieal Inhnratory, and it prof e aradly eon- 
oernod with tha aeientifte Improvememt of ab onft eon- 
atruotion, though in reality dtrootod at timee to tha 
numufaolura, on a large soale, of aeroplanee, propeibn 
and parb of dirigibles. The faetoiy eonstrnotion and 
research are b charge ot a ei vUian stoff whbh oo-operatce 
with the Advboiy Committee for Aoconautlos In per- 
furraing aeroteohnleal work for the naval and military 
branobea of tha aerial lervioe The eioee eo-ordination 
of the Air Craft Faetoiy with the Flying Corps and with 
the AdvbOry OommlUee b an obvious advantage to the 
progress of aerotoohnioa, whloh ml^t be still further en- 
hanoed if all the eqMrimental piaata vrun b one looalitgr 
as proposed for the United Btataa 
Apparently no very sharp Una lepantea the aeicteeh- 
ninal work of tho Boyal Air Craft Factory from that of 


KneUad h Innwn as “Ttw Boyal Flytag Oorpa," tod Is andac 
Bcosnl •oparvAdiia of tos Air Opasulase. Itarif a rabmniiilttaa 
uC ttw Oooini l w on Imperial Menss. Tbs rtying Oerps ease. 
prini St p i ses il (our brsoobet.' Tbs Oeelral nylng Boboiil; tbe 
Nsvtt wtsi; ttw MUtary Wtaf; ttw Beaerv*. Tbs Advtaory 

by ttw Prims Ulnlmw. tad mrivlag Ms tppicpristiw dbeetty 
(ram ttw Lad a( ttw Tnwiury. 


tha Natfbia) Both kM 

tat bbte bUh biin.ait : < iii >i a pbH halt ibv 
aludadlL aab^arMtoMi boflk ^ 
fhmeitf, But tUa ovMbpttai b i|»t atiBimim 
Broadly vaaktaf, tha WMitby bvurfhbba atadrfti 
tlM betaiT bOaeab ah enft. and 141^^ 

Hm faetory bvui t lg at i u , dtvttlepea, maaubetnrto, 
and ttsta ab entt. It b a mabmulh pbat. ebvart« 
many tern and eomptbtag haV a doasB lav buBdbvk 
It b nid to enpind haU a mmiaii dnOan par yaar and to 
employ 700 mmi, 400 of than wnthtagwasniihiMa It 
has taeOltfas (Or prodnotaf daSy one oompbto aanpfav. 
aasapttag tha ogtaa, wUah at vtaut b biMflbt ebrn 
iritan. Ita ab craft an ayrtsmatbally tssted on tha 
gnat flybg fleld nsarfay, btartag bebnuunb wfalA ito 
vaalthrfroompbtowecktaitaiifastbdauuMUvam. Ona 
iMtomuni Um ** ripci gf >p h,** ttoofdi 

toiteonaly the angba of pbeh. roll and yaw, tha (ptad 
Ihrou^ ab, tha alUtuda, tha thne aontral nwvmnnte 
and the tbte. Tha stnaa ta .tha wins, tha prapitbr 
thrust and the prom uw dtatiflmtiaii oit the and 
other sarbeas may likawtaa ba neordad.* Tba srfab 
Ushmnt doea b fhat tha work ptaanad b Aa United 
Sta ta e (or both tha fleld bbocatoiy and tha —iurfraaiH 
abnafttaatory. But the Royal AbCkaftFaetncylMki 
soma of tha fa allltUs plaimed for on pbnt, nuh as an 
expanse of watar tor teatbg naval Bsnpbi^ and (ha 
Immedlato aeocnlbOlty of allbd bbontoibi. worinhopa 

othttT Niouniis 

The nault ot (he (Ultaeab experimmib has bean to 
dbehwe the defeeto of ton leading typea of aaropianei, 
and to tadloate means of bettarmenL Sabotantial im- 
provenwnt haa been made b (ha eOabBoy, etaUlity, 
(aatar of mfety hnd range of speed of (he aonplami 
tpedsUy atiidied at the (setoty. The flnal onteonM hm 
been to pcoduae a ■tabte,eaebnt and safe Uplane having ' 
amageofspeedoftOtoflOmilaaaahoar. Ilbaxpeetad 
shortly that a standard eonM will ba adopted after (he 
beat types have been given a eomparatlva tost Tho 
type at p r esent moat b (aver b ths Dvidumb oontrol, 
whhsh rotates a wheel (or warping, thovas It fey abvatliig, 
and uses a toot lever for stoerbg. Booh pnetbal fuS- 
ioale work oaimot be too tiniigiy leeommiaded (nr the 
BmltoMmlan Institution, eq^eelally if tha army and navy 
wfl], ns nlnady btimatod, fnrabh for nieh testa theb 
typloal aboreft and their experfenoed pilota. 

OlAsr SotUth MTonmiUeal labafalatitt wnrth maatiao- 
tag are thoro of toe Nortoampton FUyteohnb Inatitnto, 
London, and of the Bast London CoIbgaL For want of 
tbnn I did not bveetlgnto thsK; but as thib rawmieea 
arc very moderate and theb nporb have bean biagnler 
end meager, it b ^btful whether they oootab any 
equipment materially worth adding to what has been 
hitherto deeoilbed. 

(TO »e ooaWaaH) 


A VIbralloa Kectrometer* 

Tax telephone and the vibration galvanometer have 
long been uaed to detect very nman alternating enmatn 
Slid Toltnitni. Tho telephouc In wry oroaltlve In tbo 
rsiiRo of freiiueiiclos (rum IWO to 3,000 cycloa, but has 
the dIsndvuntBgo o( rcepoiidlug lo huruioulOH as wvll as 
to the (undamoutnl. Tbo vlbratton tpilvaiiuineters are 
relatiwiy lusctisUlvo to tbo harmuiiks, siul arc much 
more HonslUve nt (he lower (roi)ucnclm thiiu la a tole- 
phuup. 

Tho mnultlvcnosH of an tustrnmeul may be deflueil in 
tcrnie of the ooUspv whlrh most lie applied to gtve unit 
deflection, or It muy Iw delliinl lu terms of the cerresi 
which will give nnlt dplteetloii. Ju order that cither a 
telephone or a vlhratlon galvanometer shall be very sen- 
sllire to an siteniatliig t'urrmt, it moat be coostracted 
of very flue wire. A limit is soon reached la this dlrec- 
tlun, duo to tbo dlRIcnlttea lu making and luindUng very 
flue wire. A vibratlim electrometer will detect very 
miicli smaller Hllenialliig currents than either of the 
alsiw Instruments. Bach an tastramout has already 
Iwen described by Oreinacber,' althoagb bis description 
did m>t aiipmr nntll after the Instrument here de¬ 
scribed bed been constructed. He tdspted s WnU olec- 
trnroi-ter, using a transformer In connection with the 
Inst ru meat 

The Inatrnimuit bore described le a modifleatioa of a 
quadrant electrometor. Tho need fur It nrese la oon- 
iipctlon with the mesmiremento of very nanll capadtlss 
St iiiw freqaeadea. Hy means of It, capadttes of the 
vslne of a thonsandth of a microfarad have been meae- 
ured St no cycles with an aonincy about ten ttmea 
gretter than can bo obtained by any vlbratloo gal- 
vsDometer In this Isbunitory. For smaller capaddea, 
the advantage Is still greeter. However, It is imefnl 
ouly when (he Impeilanco ot the bridge srms Is very 

•XaltsMs o/PlMderds. No. asS, by Hsmy U. Ciutts. A^ 


high, so Hut tbe current which Bows through them la 
wry smalL Also It cannot be ased at freqaendea much 
above 100 qrcln ou aoeonat oi the moment of Inertb of 
tho voiie. 

As the design is of such form es to make a matbo- 
iiiHlIivil trontmeut of Ita behavior rather aUnple, the 
ciiuiilloiis guwrulug lie oisirstlon have been worked out 
ill some detaU. 

The Instrument comdats of tour metal platna act ver- 
llcslly In iwlre, tbo dlagoimlly opposite plates being 
coniwetod. Between these a light slomlnlum vanp Is 
supported by means of a btfllsr suspenshm. This vane 
Is free to vibrato about a vertical axis. The platos 
correspond to tbe unsdrants of s qnsdrant deetraastar, 
while tbe vsne oorreeponds to tbe needle. It an tiae- 
troststlc charge Is given to the vans, and an altornatliig 
electromotive force is applied to tho platen, toe vane 
will bo farced to vibralo In tbe period of tho appHed 
otcctronoUve force. If the nalnral period of the sus¬ 
pended system Is identlas] with the ported of the ap¬ 
plied dectromotlve force, then the sjapiltude of ribra- 
tton Is largely Increased. Tbe natural period can be 
varied by changing the length of the btfllsr aaspanatoii, 
by vaiylng the distance between tbe snspenalima, ot by 
altering tha teoston on the raspenstona. Whan In 
rosoDsnee, tlw ainpiltude wlH depend upon tha damping, 
and as tlr damping la s buge part of tbe tetol dampbg, 
the whole l u s tru ment is placed ntid» t bell Jar, fnsu 
which tbe air can be exbsnsted. 

This Instrament b capable of detecting altenMtbg 
Gurrenti ot low frequency having a value aa small aa 
lO-s ampero. The eonclualens varUod by a xpar ls ss Ut 
are as follows: 

For any gtven sdjustmaiit of tha luatnuMiit, ths fia- 
quency at whicb maxliaam dafloetton la oUabad *• 
pends upon tbs poteuthU of too vane. Aa the'potantbl 
of (he vane Is Ineresasd, the fnqnsKy at wUnh-maxt ' 
mom daflecUon is obtained is dtonnaad. 

Wbn tha Tritaft on tha vqad b beNaaad,'tha 


tom lor a gtven voltage on tha plataa betaaaas moca 
rapidly than tbe flnt power ot tha voltage Tha atud- 
tivlty cannot bn benuad bdtflnttdy b this way, stiim 
tho trequancy will bseoiua soro befon the aensttlvsnaM 
bccomsa bdnUa 

Tbo deflection b bvHsely proportional ta ton damp- 
lug. It b shown axpaftmeatally that the dampis y gna 

As toe dampliig b doacased, toe rangatf^nquaneba 
over which toe bstrninent can ba used b greatly dl- 
minbhea Hence, U b not important to decreaaa the 
damping beyrntd a roasonabto print. 

Upon cloobg the drentt or otherwba cimnj iBg the 
current through the rieetromatar, BoiBq,tiab b raqnlnd 
brfore too asqilltade «t ribcatton baoenai conatanL 
Tbb tlnw wlU bt beraaoad aa tha daaQibg b 
The power requbad to glra unit ddtaotbn whan tbs 
sppUed atoctmaotivn teea b ta NMuanei with tib 
lustnuDent deendaea ta tha nba ratio aa tha daomtaft 


Beawftag Thr frwi Gu 

Tna ptoUmn of raraoivbc ill IraooB of tar ftaffl the IM 

haa alfagra pnatotod raebb dtOouHlra. oraTtaBta a*, 
psrimonta roesntiy cabled out It wurid aetw thoA an 

tadustiT far tha pnripibtkra of bad and nthir fifmra 
”*'*^ ******>^ frpta, hWlrbn- ' 


oari ItoB bvarbd U-tuBo, na u tmobd fabra alaadalld 
Staoh pfaneo v al b donthannbldeblthnbahatiitaSMt. 
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The Telephotographic Apparatus of Georges Rignoux 

Experiments in Sending Visible Forms by Electricity 


Unn k to moeh taknrt In tel«vU(n ttwt the ao- 
Bo u n n ylnt nport of pngmo In th* Mporinwnto of Dr. 
Ow^ Bttbonz wHI b« of tfanoljr vnlne. The photo- 
ptfbM, irtdla by no nmni porfoet, m new, hnvl^thui 
bw beep puhHJieJ nowhere in Boiope or Ameriee, end 
will eenw to ehow pneiadjr whet k done.—Borron. 

Ten e rery hme time phytioitU have been tiyinc to 
Mdre tbepndtiem of letin g et e dbtanoe end ei ndeiioe 
hai elnedy made nieh marvakmi oonqueota—the tele- 
gn^ the wfaaloM moiUiic tigneb, and the tdephone 
aoBraying the aound of the voiee to a db tanne, and now 
abo without tbo intweidng wire, that tdovblon, 
■idng at a dbtaaoe, wiimi no tonger merely an Impowriblo 
dream. 

The iwoarat atoiy hai to do with 10010 oxperimenU 
whMi Rraf. Ruhmer In Berlin, Bdonaid Belin at Pario, 
and OeoegM Bignonx at la HoOhelle, have been eondnoU 
lug. Tfaeea have been In pngroH for tome yoart, and 
have Jnkt naehed a ttage that b flUed with intereet, 
fbr It bat been pottiUe to reoognbe timpb form repro- 
duetiont toaumitted by eleottio impnbet in a dbtant 
olty, 

RIbwux, who b a young phytiobt of b nonfaello, 
aometime tinoe deviaed an apparatnt to whieh he givot 
the name Telephote, but wUoh required a bigu number 
of wiiee, at many at there were of Inminoai p<nnb oon- 
ttltuting Um original image, latterly, he hat been able 
to tlmpltfy the Telephoto to a marked degrm, and joat 
at the tdephone tnuwmiU over a wire gradaUont and 
qnaUty of wundtto the Teltqihote will tranemlt the lighb 


and ihadowt for the dellnliii of an Illuminated image. 

The Telephoto reqoliei two wfaee between the tending 
and Teoelving ttotiont. In addition to one for tynohto- 
nlitog the mnehlnei at the two plaeea, and b baaed on 
the general prlndplet illuatratod in tha aeeompanylng 
diagram. A ndtabb ooneave mimr, paiahoUe by 
prefemnoH, oonoentrmtea npon the objart whoaa Imaga 
It b deaued to tranamlt the beam of a Nemtt lamp of 
2,000 <Muidle.iiower, and the Image of tha onginal^thut 
muminatod b projoetod by meant of n Iona upon a motaw 
of M oeUt of tolenium. It b not nooeuary here to do 
more than note that the oleotriral teauunre of Mdrnlum 
VBiiea aorordlng to the amount of light whieh It reaeivet, 
a property whbh hat oauaed it to be made the foundation 
uf uiany ozporimanta of the hind. 

Sueh a moeain b eapabb of tranamitting vtriuut 
flguna and eomblnationa of aignt, tlie nurrent patting 
to the eelenlum being of 110 volte. Kaoh eoll that In 
illuminated attraub the armature of tta own oleotro- 
magnet, but If there it no llidit there h no muvemenl 
of thli armature. Tho nault uf the projertion of an 
image upon tho motalo will bo that eertaJn oclb eloeo 
armaturoi that permit eummtM to flow, and three rur* 
rente aro lent to a “nillertor” whieh nitotoe al 4GO tumi 
a minute, and tho eoUeetod eurrenta aro delivered to tho 
hne by thb deviee. 

At the renoiving end tho unpultea are eondurtod to a 
lolonold or eoll, tho axb of which ii hollow. The beam 
of an are light ii dlnseted by pondeiialng and projerting 
lentoa upon a nbal ptiam, and Ihvii paitof through the 


toleiuiid. When It emergre it numee uimn a torond 
nieol pritm that b roveraed to the flrat, and the normal 
letult b that the terond pnnn entirely atop* the light 
already polarited by the fliel The effent of the current 
through the tulenuid it, however, In change the pbno 
of pobriiatlon of tho beam of light, and make it iioenhlo 
to paM tho toeond nirul. It w then caught by a lent, 
paeaed through a dbphragm which holds back all hut 
the oentral rayi, and theta fall on mirmrt flxeil to the 
penplugy of a whcol. A convenient tercen reneivea the 
mfleationi from thu luroing Diirrorh, and on thit tcreen 
will ho teen the tranimiltnd image of the dialant original. 

Dr. liignnux hat tunni<«dnd in tending in thb way, 
by meant of the Telephoto in hit bboratnry, the imagea 
of the letten of the alphabet, IT, T, b, and U among them, 
and the photographt thown are taken from theee imagoe. 
By nimoving tho tenwn the eye can eateh the imagea 
on the mirrera but not as ahar]ily. 

Thui far theae invmligatuni liave not attempted to 
tend any half-lighlt, liut are now experimenting with 
this end in view. To oblaiu an imago of a |ierton it 
will he noe«‘ttary to have a aelpiiiimi mosaic of from 
3,UK) to i.UUU eelb. It b br-linved abo that m time the 
roeoiving aereen will not bo nocemary, and when this b 
duponted with the image formed will bo much atronger 
and olearer. The prcaont mlcnaity of this image it 
Wrak. Dr. Rignoux and hit asaooiatca do not claim that 
the problem of tcicvirion ia solved, hut the report that 
they make it an intemtmg ttatemcnl thowing that im¬ 
portant odvaneoa have really been made. 
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Diagram of the Rignoux tebphetofrapUe apparatna. 


Tbe Co^dge Tibe fai MeteUnrgfaU Kranrek* 

By Dr. Whathr P. Davay 

Da. WaiMTBAOa In the February. 1013, number uf tbo 
Jeuraat of Indmtrial end Bagintmng Chtmitlni doaoilb- 
Il« boion and ita oom^xunla anya: 

‘<Boroa auboxide, a by-prodnot obtained In the nmno- 
fhetim of boron, aan be used for obtaining high eon- 
doottvity OMt ooppor. Copper oart without additions 

b fun of ptwaa and blowhobe, and tharrforu meohanloally 

and of vary low eleeirie eondnetivity; the removal 
of tha gaaea fMm ooppor by the known deoxUbera b 
HJtie to id'W an alloy oontalnfaig a laaU amount of 
doraUtaer, an amouit mlBebat, howovtr, to lower tho 
'oMtdnativtiy of tim ooppar vary oonakbrably. Bonn 
MdMgtda, howovar, haa the pnqietty of deaxhUimg ooppor 
wltiwol with It, at boron auboxide haa no 

aBititp to ooppar. 

b tha nflatac of ooppar to etostTbal purpoww, tha 

•laobfaaDy dapotitad metal b maltod in n raverboiatory 

tattirA world of dtibata ohmnbal oontaol b oon- 
Motad With thb fttnaMraflBfaiB- 
If ilw taabi wan meiaty mditad and than pound the 
' «- a-" ewd W«.M be of low 




oloetrleal conduetivity. Tho molton cupper ia allowod 
to oxidbo in tho fureaeo and the oxiilalien it augmented 
by air blown into the metal. When the mull oonlaiiia 
S or 0 per oent of oxide, tbe major part of tbe other Im- 
puiitlea have been burned away and tho work of teduo- 
tion b atartod. At ordinarily done, thb oonabta in the 
to-oaUed '‘paling." Green atioka are submerged in the 
molten oopper and the gaaeo nnd oatbon reduoe the oxide, 
and tueh hnnnfol produeb aa tulpbur dbxide are driven 
out of the metal The imoper time for ponring it not 
that rtpreaenUng eomiduta roduotlon of all onde, aa it 
haa been detarmined by experbnoe that over-poIlng alio 
glvBi a porona Inferior ingot. 

It waa oow behoved that the oopper abaorbod earbon 
whbh in over-poled eopper oauaed the rising b the mold 
and tbo poroui oondltion when oaot. Hampe oometad 
thb Idea and attributad tiio potooi atota of ovn^pobd 
ooppor to tbe olloot of abtorjied hydrogen and oarbon 
monoxlda. 

The 010 of the boron flux of Wointnub baa done away 
•ntirely with the difflenlty of obUming sound oattinga 
of high rieotrioal oondaativity. It teemed Intoreoting 
to Uluotrata the oSoot on tha poromty by an inveaUgation 
ntiaff Xnyt. Tor thb pnrpote tome high grads oopper 
WM mtitad In the uoual way and poured into a mnd mold 
togiveabhieklOby lOby Klnohoa Aaothor portion 
waa treated with one par oent of the boron flux at tha 
tuM of pouring tatd waa eaot In a timibr nudd. Theae 
two Mttiaga w«a thoa plaeed tide by ride on an 8 by 
UMwh Sood X«ay Plata, 23 taahta fna tha feeal vot 


of a Cuobdge X-ray tube and cxpuvd for two minutca. 
Tho Durrent through tho lube was 2 8 milli-anipcnt and 
tho potential differonoo aorota the tube cnrrotixmdcd to 
a lO-lnuh parallel spark gap between piiinta. The re¬ 
sulting radiograph showed the oupiicr oast in the ordinary 
way to he full of pores. The cant with the Ixmin flux 
was BO perfeol that no hulea were vikiblo The two 
oailiogi were then taken to the maubinu shop and a por¬ 
tion of tho surface of each waa maulimod aa tmooth aa 
potuble, and, aa waa to havo b«<un expected from the 
radiogiapliB, tho holoa were obarly visible In the oommun 
copper, whib in tho “boronixcd” copper tho holes were 
eitoer ontirely abaent or wore microaeopic. 

The advantage of the radiograph In experimental 
work b obvbua. Without the use of X-ra,vs it u nocoe- 
tary to machine off layer after layer nf the sample In 
order to expuae to view any hidden defcob. Kven when 
thb b done it remaina for tho expenmenter to buildup 
n mental pbtnre of the defeeta m Ue oaating on the batia 
of what ha haa teen on eanh of the expoeed layers. From 
the radiograph it b posaihle to tee oU qf (Asm dtfecU at 
once wlthont dMtro^ng the oaating. U It seems de¬ 
sirable, It b eiMily poMibb to make steteosaopb radiu- 
graphe whereby ^ defooU may be soon in thoir entirety 
and thdr daptba eatily eatimated. 

In view of tho reeulta ahown above, the X-tuy ex¬ 
amination of metali aa a means of metalluigieal reseaieh 
aeama to have eertaln attractive and detitmbb featurea 
not found In other methods and to open a wide (bid for 
tnrtiitr woriL 
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Kir 1.—ImporUnt parti at muhiiw naid fw winding win aa n 14-liick gnn. 

Wire-Winding Big Guns for Uncle Sam* 

Methods by Which the Most Powerful Guns in the World Arc Made 
By Chester L. Lucas 


Tiik MtmKtbeiilnK of nrtUlcrjr b; wlre-wlndlng li • 
Hubject that hu received the attention of ordnance es- 
porta for yean. There are many dllTcrent oplnlona aa 
to tho morlta of wlro-wouiid Knn^ and they have been 
freely eipncwcd by anthorltlca In this country and 
abroad; therefore, It will not lie attempted In thla art!- 
vie to dlacuna wire-wound Kuna from the engineering 
ataudpolnt, but rather to dcecrlbo the detalla of the 
operation of applying the laycn of wire to the gun aa 
done In the United StatcH Araeual at Watorvllot, N. Y. 

The antiquity of the principle of reinforcing gang 
with wire la evidenced by an early cannon now In the 
muaram at the Woolwich Aneual In Bngland, that la 
aald to have been naed by Uuatavua Adoliilkua early In 
the acveuteenth centory. Thla cannon la about alx feet 
In length, with a ct^iper barrel, and la reinforced by 
being wonnd with bempen cord and then covered wltb 
leather. The practical application of thla principle to 
modem warfare, however, commenced about IHBO, with 
the efForti of Ijongridge In hhigland and bla contem¬ 
porary Woodbrldgo In America. Since that time, the 
wire-wound gun haa been uacd to a growing extent In 
Oreat Britain and Bnropr, but It U only during tbe 
paat eight yeara that wire-wound guna have received 
offlctal recognition in tbe United Htatea. At the pten- 
ent time the wire-wound gun la uaed for maat defenae 
only. 

THE niNcirts or thk wiax-wounn oun. 

Before taking op the cgierallon <if wlre-wlndlng, a 
few worda on the principle Involved may not bo amlaa. 
Many yeara ago It became apimreut Pi ordnance ex- 
liertM that a gun built up of aucctaalve tubea ibrunk In 
plHi-e wna far RuiN-rlor to a gun made from a aolld 
billet. Under the gaa iimaMiire of firing. It waa found 
Unit tbe metal neareat tbe laire of a aolld gun waa 
HlreteluHl lieyond ita elaatle limit, while tbe outxlde 
metal waa iiuHlTeeted. receiving none of the atraln. 
iiierefore. no mutter how thick tbe walla of tha gun 
were made, tho Inner metal amimd the bore waa tbe 
only iwrt that rcceivml Ihe gaa preaaure. and aa soon 
iiH thla metal became fatigued tha gnn waa unfit for 
ua<>. By bnlldlng tbe gnna of tubea, auoceaalvely ahrmik 
niic over the other, It waa found poaalble to cloae In 
the metal of tbe Inner liilie by Hbiink-preoMure of tha 


outer tuhm ao that when the gnn waa fltad the metal 
of the Inner tnbo had to be Ant expanded back to Ita 
natural condition and then atretehed beyond Ita eiaatlo 
limit before being fadgoed. Aa tbe ancceeding layen 
of theae tubea wen atarunk In pcadtlon, thla atntidilng 
of the Inner tube waa reabited by the picaanre of each 
of the outride banda, and couaequently tbe life of tbe 
gnn waa greatly lengthened; In addlUeo, It waa poorible 
to build a much lighter gun of the aame rriatlve 
atrength aa the aolld gnn. Kroa tbe above It will be 
aeen that the winding of gtma wltb wire that to nndar 
tenrion biinoi abont the name condition aa to obtained 
by abrinklng on tubea anccenlrely, and It to datned 
that the nee of high teniUa atrength win glvea the gun 
atrength attainable In no other way. 

There ace two prindpiea employed In applying wire 
to guno, one of which oonalota In winding atMorarive 
layen of wire at the aame tenalon. Ttoa aeeond ayetan 
conriata In winding tbe wire at a varying tenatoo, de- 
creoalng wltb each aoccaaalva layw. Tha fltat ayetan 
la, of courae, applied with tbe mlnlranm amaant of 
trnnble, but It to claimed that tbe aecood prlndple boa 
the advantage of dtotribnting tbe firing atraln In aa 
nearly nnlform a maaner aa poaalble. 

Klg. 2 abowa a atctloiial view of the Omotor type of 


n jraeMoerv, l>y I'ticatvr L. Loeii, laiacUta aditn. 


nory,” by Oapt L, L. BraS. Tbto view to mmdiioed 
to llluatnte the manner In wbleb tbe layen of wire 
era dlatrlbnted over tbo length of tho gun. In eodt 
aerica of relnforoMnenta, abmit ten layen oC wire an 
applied. At the breech end of the gnn, the retnforee- 
nwnt to heavtont At the mtiBla end tbe Uyen an 
fewer In nnmber, but tbe wire to put on at a hlghor 
tenalon in order to give tbe narnaeary atroiith with 
the amalleat amount of wire. Oovering tubea an ebrank 
tn place over the win' and aedi of tbwe tubee to 
"atepped'* ao that It hat a bearing on ooa oC tha adja¬ 
cent tobee ae well ea on the layata Ot wlr& 

The win wd for tUa work la the United Kntae to 
aqoan In eeetioa, being one^lghtb indi dlamahtr with 
aUghtly nranded eornm. The Kngltih and OonttaMii- 
tal pnctlM employi for the moat part win of netangn- 
lar aoctlon. The material to coM-dnwa atsd, havtng 
e tenalle atrength of ^.000 pounds per aquan Indi 


Ita quality to an all-important factor, and to m a in tained 
by rigid pbyrical and metallurgtoal taeto. 

TDi wna-wiNuiNa jkfruuraa. 

Fig. 1 iUiutntea tbe operatloo of winding win on a 
14-ijneh gun. The work to done In a large gnn lathe, 
and the gun Itaelf to rotated, drawing tbe win from 
tbe wire-reel aa it to wound on tbe gun. Between tbe 
gnn ebown to Klg. latAandtbereriBtothe tonaton- 
tog mechanlam. A almltor tenalontog mechenlmi to 
shown In rig. 8, althongh tbe detolto of the totter an 
slightly dUfennt from those to Tlfr L Both vtowa, 
however, Ulnatnte the prlnclpto The wire, as It leavea 
the real, paans over an Idler 0 and tbeiioe betwaaa the 
two trietion dtoks which an Indloatod at D. A gnlde 
wheri J to to oontaot with the edge of the MotUm dUk, 
and tosurae that the win enten properiy. 

When the win pann betwen the halves of the Mo¬ 
tion disk, U Jnst fits into a squan nosai, halt of tridtdi 
U cut to aaoh disk. A very powmtiil spiral spring 
preasss thedmlves of tbe disk constaatly on the sides 
of the wire, tnd It to one of the fonotlMis of gnlde 
wheel E to force the vrln Into tbe groove cut to tbe 
frictloa dtok. The win runs around tbe Matl(m dlrin, 
being to oontaet tor nearly three fourths of the dr- 
cnmfereiHBk and than ponas over the fixed ptdley r. 
From then It rune down over tbe floating pullay O, 
forming a loop, and baA again over onotbar groove In 
pulley r. Tbe amngement of pulleys r and O to much 
the aame oe to tbe fomlltor Mock and taAle. Pulley 0 
that floats to tbe loop of win boo suvmided from ito 
center a lever F that to idvoted on the extreme toft- 
hand end. and on the extreme right-hand end of tha 
long arm to hong tha heavy walght /, ohown only to 
Fig. 1. Ibe walght on thto lever mey be varltd, of 
courae, to obangd the tensloa on the loop of wire, hot 
In tbe lUnatntton Fig. 1 this weight to MO pounds 
and tbe levenge to eo campoundsd that than to a puU 
on the win amounting to 020 poonda. From thoae fl» 
ntea It may ba aaea that the wire, os U to wound, on the 
gnn, to nnder a tensfoo of MbOOO poundf 

On tha abaft with tha trlcttou disk to a hnka dnm 
that, to cMineetlairwiai two brahwhaiids, ooa cf wUeb 
if shown at J. Impedea tha rotatkm of tha abaft Tbe 
object of hevliig two bnfce-benda to to regnlato the 
■Mng” that to boing ap^lad to tha wire. Tba wlCn 
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Flff. 8.—Diagram ilMwlBg Fig. S^Mathod of accur* 
appHeatlon of wire to gna. tag end of atraod. 


gun ut tlu> rata of (rum 120 to 240 feet per mlniita. 

“riLLINU IN” AT TUK ONO UT THO LAyaBH. 



and form a good (ouiMUtloo for tbe next layer of wire. 
A atrip of wire long enough to go around the gun la 
tapered (or Ita entire length from one eighth Inch at 


Fig. 3.—Meehaalan for obtaining tendon in wind¬ 
ing wire. 

of thmu bauda ia keiit at a fixed tendon, and the nar¬ 
rower la adjiwted wben Incraanod or decraaaed drag on 
the wire la dealred. The action of the brake and banda 
generatea oonalderable beat, and to dialpate thla, a 
atream water peaaea throngh the center of the brake 
drum. The pipe for thla potpoae may be teen In the 
llluatratlon, Hg. 8, entering the center of the axle at L. 
Tbe drag of the friction upon the wire, on the one 
hand, and the pull of the wire aa It la drawn onto the 
gun, on the other hand, support the wire while the 
tendon ia being aecnred. compounded weight / 
that pnlla upon tbe loop of wire aroond pulleys F and 
O gives this tanskm. 

This lathe la geared so that the carriage holding the 
tenskailug mecbanlam, wire and reel travels at the rate 
of one eighth inch to each revolution at the spindle. Aa 
the win la exactly one eighth inch In diameter thla, of 
course, la the proper lead. In order to make sure that 
the wire is wound doaelj, a qirlng Ungsr bears sgalnst 
the strand of wire juat befwe It la laid In idacs upon 
the gun. Thla Inaures that It la wwded over against 
the convolution pnvlooaly applied. This may be seen 
on a large acale in Fig. 4. The win ia wound oa tbe 


uDc cud to nothing at tbe other end. This Is also tap¬ 
ered for about an Inch at tbe thick end to dt In under 
the atrand of wire as It passes up to the next Ityer. 
Theae polnta ate clearly ahown in Fig. 0. Thla length 
of tapered wire Is carefully driven Into pinco and the 
new layer started oa Its coona. At the beginning of 
thla new layer it is also neceisnty to Insert another 
filler wire to cloee np the apace left Thus two filler 
wlrea are required for each layer of wire wound. As 
tlieae filler wlrea an aeveni feet long and only one 
eighth Inch aqntra at the heavy end, it la rather dlfllcnU 
to hold them for planing the taper from and to end. The 
type of planing fixtare used supports tbe wire on three 
sldea, being clamped at slx-lncb Intervals. Only the 
top Is left open and but one wire la planed at a time. 

Wben joining the end of cue reel of wire to a new 
red, the oounectloa la made by electrically solderlug 
with hard aolder. The' two ends of the wire are scarfed 
and damped In the copper faced terminals of tbe elec¬ 
tric healing fixture. Between tbe scarfed ends of the 
wire, a piece of abeet silver solder Is placed and the 
Joint well fluxed with a borax paate. Tbe current la 
then turned on and ten aeconds heats tbe ends, flows 
the sdder, and completes tbe Joining, and there la none 
of tbe "fuas” naually experienced when the blow-pipe 
is used. 

On starting the strand of wire, tho end is driven Into 


Fig. 4.—Win wonnd onto gnn. 

n hole or recoas in the gun body, and tbe eud of tlie 
strand of wire on the last layer ts also secured by belug 
ilriven Into a chiseled groove cut Into tbe solid metal. 
Tlic method of securing tbe end of the atrand is Illus¬ 
trated In Fig. 6, and the gnsn’e Is made small slid deep 
enough so tho wire cau be driven dowti Into It and 
the edges of the gnswe isjened over unto tbe top of the 
win*, thus bolting It efrectuslly. 

After all the wire of the gun hns been wound in 
liliice, a very light latho cut Is taken over tl>o top layer, 
lent lug the outside perfectly smooth so as to form n 
gissl Hiirfsee upon which the next steel Jacket may be 
shrunk. As the wire Is cold-drawn to within limits 
of D.OUl inch there Is very little uncreDDt'ss, especially 
In view of the fact thnt It is under such high tensloin 
while being wound. The gun Is now ready for tbe 
shrinkage on of tho rings or covering tubes. The tubes 
are bored out to the extemaj diameter of tbe wire, 
minus tho allowance for shrinkage. Then, with tbe gun 
In a vertical position, breech down, and a stream of 
water within the boro to keep It cold, the shrluk rings 
or tubes are heated and dropiied Into place. It may be 
well to draw attention to the fact that Uie shrinking 
on of these eovering liiU>s Is n very Important opera¬ 
tion and Is douc with great care. 


(Ilam 0 |ian 2 umr« 

[rka eiUort ore not ruponMlt for otatomeaU mads 
ta tka oorraspondaaM ootasus. AnonpawM oo m ssmil 
oaMoaa oannof bs oOMtasrsd, hat fka noaMt of oorro- 
spoadanfs will ha wilhAsM whaa m dss irs d .] 


To the Bdltor of ths BomiTmo AiixaiOAg Sumnunre: 

It would aeon that ths following account ot tha lint 
American lulmiariDe would be ot Intsnat at this tlm* 
Thla narrative ta taka from The Aturtoan Jounui of 
SetoMo and Arts, volums II, publiahed In 1820. 

Olena Falla, N. T. F. B. Bichaiim. 

■UBlTAllin gAVNATUfl. 

Articie VIII. Uetcrlpllon of a machlDs, Invanted and 
osMtraoted by David BnahneU, a native of Soybrook, 
at tha commencement ot the Amorloa rertflutloiiaiy 
war, fbr ths poipoM ot aubmarins navlgatlaii, and fUr 
Um dsatnetion of shlpa ot war; with u aecoimt of the 
flat attempt With it, ta Anguat, ITM, by Bare Lea, a 
■Mgaast in the Aamieu Army, to destrep sosm of the 
Brltiih Ships tha lying at Msw York. Oommantaatad 
by Chotla Orliwold, Bo. 

Lm, Ooor., Fshniga Vst, 

Uris to be pronuptA ttat smxy psnni vte ku 
paid ay gaatia to the maOhanirel tavantlas of tkia 
Matyy, «r hu loefetA osar ths Ustocy «C tbs rtrola- 
tkwsSyi wsih hu hsarA ot tha .msShnis Invatad Igr 
ItatU Dahotl. ftr whssss taa nUattab sndthsis- 

IPB UmM iC ttrt MfU u4 osIlUU Ita 


Tutton would not be anaeceptaMe to the public, and 
particularly to those devoted to the pureult of actoDce 
and arta. 

If the Ida ot submarine warfare bad ever oceuired 
to anyone before tha epoch ot BnahneU’s Invention, yet 
11 may be uCsly stated, that no Ideas bat bis own ever 
come to any pnetlctl results. Tv blm, I boUevc^ tbe 
whole merit of this luvaUon Is unonlmvasly agreed to 
belong. 

But such u ooeount as I have menUoned must de¬ 
rive an BddlUoal value and a Increased Interest from 
tbe tact that all tbe InformsUou contained in tbe fol- 
levring pages ha boa received from tho only poreun In 
existence poesesaed of that Information, and who was 
the very same that embarked in this novel and perilnus 
navigation. 

Ur. Kara Lee, first a sergeant and afterward an en¬ 
sign In tbe revolnOoutry army, a respectable, worthy, 
and elderly ddien of this town, Is the person to whom 
! have allnded; to him wa committed the first eseay 
fur destroylog a hostile ship by sabmarlne explosioii, 
and npon his statements u Implklt reUanee may be 
placed. 

Consideriog Bnohneirs machine u tbe first of Its 
kind, I think It wlU be prooonneed to be remarkably 
cconplete tbrongbont In ita construction, and tbat sneh 
an Invmtlon fuulahea avldance of tboa raaoniem and 
crwtlTe powun wbleh most rank him u a «a(»bsnii*«i 
galas In the first order. 

T ahsll first attaod to a demrlptlan of this machine, 
and afterward to a relaHon of the euteriwtoe In It by 
Bergt Lee, oenfinlng myaUt In each com atrletly to. the 
taola vrtth whkh hehu anpidlad id» 

B iir w gb 


Ilusbiiell'H mnchlne was composed of aeveral pieces of 
large oak timber, scooped out and fitted together, and 
Its abape iny Infurmer compares to tbat of a round 
clam. It WTIH Unind around tburuughly with iron boudo, 
the seams were corked, and the whole was ameared 
over with tar, mo aa to prevent the |Hs«iblllty of the 
aOmlaslon of water to the Inside. 

It was of a capacity to contain one engineer, who 
might Btand or sit, and enjoy sufficient elbow room for 
Its proper management 

The toil or bead was muilo of a metallic cumimiaMon, 
uMictly HUlted to Its iMidj, ho as to be water-tight; thlu 
oi«>ned upim hinges anil formed the rntninn* to the 
niacblne Six small pleccM of thick glass were Inserted 
III this head fur the sdmlivilon of light; In u clear day 
and clear sea-water, says my Informer, be could see to 
read at the ileplb of three fatboms. To keep It upright 
and properly balanced. 700 pounds of lead were fas¬ 
tened to ita bottom, 200 pounds of which were so con- 
IrlvMl as to be dlscbargeil at any moment to Increase 
tile buoyancy of tbe machine. 

Rut to enable tbe navigator wben under water, to 
rlisj or aink at plcosure, there were two fun*lng pumps, 
by which water could lie pressed out st the bottom; and 
also a spring, by applying the foot to which a passage 
was formed for the ailmlsslon ot water. If tbe pnmpa 
should get deranged, then resort was had to letting off 
the lead ballaat from the hottuin. 

The navigator atoerod by a nnlder, the tiller of which 
paiwAd throngh tbe back of the machine at a water 
Joint, and in one side was fixed a amaU pocket emn- 
pan, with two pieces of shining wood (aometlmea caUed 
foxfire) crooed upon its north point and a alngle pleos 
npa the loat point In tha night wha no light antared 
thnofh thg kaad wlndowa, thla oonpore thw Ufhtad 
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was all that aerved tg gnlda tlia h a l m a m a n lo hit eotma ntmiMd thmafh tht Soond, bvt darinc thair ahMDW 
rha inceiilgiiB Inrentor alao prarldad a uatbad lor tha anany had fot poMHlW ct Load Itlhud and a«r> 
Oatermlnlna tha de|ith of water at which tha aachlna eniara laland Thaf, thittfon, had tha maehlna o« 
nilKht at any tlma be. Ihla waa achieved by Baaoa of veyad by land aeraaa froa Hew Bonhana to tha Hadaoo 
a alaaa tuba 12 Incbaa In laa(tb and about 4 la dlain River and afterward arrived with U at Hew Tnrfc 
eler which waa alao attached to the ilda of tha ma The Britlab fleet now lay to the north of fftatea 
china tbla tube locleaed a idaca of cork that roaa with laland with a larfa nnaiber of tranaporta, and ware the 
the deaceut of the macklUL and fell with Ita aacent, ulijeeta atalnat which thia new Boda of warfare waa 
and luie luth rlae of the cork denoted a depth of abovt deatlned to act Tha flnt aarana nlfbt wu flaed upon 
uui fathom Ilia prloclpk uiion which anch a reanlt for the iiaeution of thla perlloua Mtlerpriae and Bergt 
nas imaluced and alau Ihe iniHluuikul contrlvuiKe of Ijea waa to be the englneir After the lapio of a tew 
tlila tiilx intliLly eatapud the nbaervatlou of Ur Lee daya a favorable night arrived aud at 11 o clock a 
amid tb< burry and couatuot anxiety atUndant upon party embarked In taro or three whaloboata with Bnah 
am b a pvrlUHia navigation. mil a machine In tow fbey rowed down aa near the 

Hut not thp baat bigiulouH part of thla Lurbiua um fleet aa they dared whmi BergL Ijee entered the ma 
(hiiip HUN tbut by Hblib tbe borlaontal motion waa lom chine, was cast off and the boata retained 
luiiiil uted to It Ihbi ulijwt waa elTntud by meena of Lae now foond the ebb tide rather too atrong and 
iHo ouia ui latdillvM formed prvtlaely like the amw of a bcfbre he waa aware had drifted him down peat tbe 
Hind mill whkii revulvHl iwn>endU.Qlarly upon an axle- menof wu, he, however got the machine about, and 

tnv that projected In front thla axletree peawd into by bard labor at the crank for the apace of flve gUauea 

Mil macblnu at a watei Joint aud waa furnished with I) Ihe ehlpa bella or two aud e half bonra be errlveil 

II Clank by wblib It waa turned Ihe navlgutur being under tbe alem of am of the ahlpv at abont alack water 

muted liialdcv with one bund hibored at tbe onnk and liay had now dawntid and by the light of tlH moon he 
VIlib ilM other itcurrd by tbe tiller could ace Ibe peoiilo on board and heard thetr waver 

Ihe iffvct of paddlcH ho couatnicted and turned in aallon rhla was the momeut for diving he accord 
tliF manner alated by pnipellliig or ralher drawing a Ingly ctooed up overhead let In walci and deacended 

body after them under water will readily occur to undir the ahlpa bottom 

eiyuiH. nltbout explenatluu lli now applied tht screw and did ell in hU power 

tbeae paddles were but I- lucbce long and about 4 to Duke It enter but owing pndmbly In pert to the 
Hide two auulkr peddlee of the aame deecrlptlou hlilpa cu|i|Hr aim lb< went of adequate pnaieuie to en 
abui projected near tbe bead provided with a crank ulli the mrew to git e bold upon tha botinm bis at 
liiHide by which the aaccul of itae machine could be Itrnpm ell felleil at each ewuv the machine rvbonnded 
aaalaUd fiom the ahJpa bottom not having aaDklent power to 

Hy vlgoruna turulug of tbe crank aaya my informer ichIni the Impulse thus given to It * 

tbe mei him could he propelled at tbe rate of about lie next paddled along to a different part of bet bot 

three miles an hoar in still water When beyond tba tim but In ibla manenver he nude a devbitlon end 
neeb of daugii or obacrvatlon of eu cuemy the me Inalantlv atom |u Ihe waters surface on the east aide 
■ blue was suffered to float with its heed Juat rlalog (f the ship exposed to the Inereeiing light of the morn 
fium the wall r a aurfan aud while in thbi situation lug and nn Imminent hasard of being dlacovered Ha 
ulr HUM cuualaully admitted ibruugh tbrui Hmall orlfluw Immediately nudt anotber deaceut with a view of mak 

III Ihe bead Hhicb were cloaed whin a duioput was liia one mon trial but the feat approach of dev which 

cummenced Hould expose him to the enemy a boats and nnder hie 

Ihc Llllclcut perl of this engine of divaatatlon—its ematie difficult If nut Impoealble deterred him and he 
luakaalm*' remalua to be spoken of rbUi waa separate i included that Ibe hciit generalship would be to com 
and dbdlnct from Ihc machine It was ahapod like en nuiicc on InunedUti retreat 

egg and like tbe maiblne Itself was compoNid of solid He ua« had before him a distance of more than four 

plvcea of vek acooikd nut end lu the seme manner flited miles fo tiaverse but tbe time waa fkvnrable \t Oiiv 

liikethet ami secured bv Iron ImmlH etc due huudred nmira laland great daimcr awaited him fur bis com 
and thirty laiumis of gunpowder a cluck aud t gunlock laiss linviug got out of order be was under the netes 
provided wIMi a good flint that would nut mbM lire alty of looking out from the top of the machliie very 
Hill the uiipniatns wbich it inclueid IbU magarlue ficquontlv lo aNcertaIn his course and at Imit made a 
Has iiMudicd to iho bock of Ihe machlue a little above virv Iricgular ilgxag track 

tin rudihi by means of a acruw one end of wbhb The aoldlera at Onvtrnore Island espied Ibe nucblno 
lasMNl quiti lutu tbe meoaslm- and then operated ea ami carleslty drew aevcrel hundreds upon tbe perapit 
N atiK> iiiaiii Ihe inuviiimuls of the (Iwk while Its other to Hnitb Its motion At last a party came down to Ihe 

iml iiiteinl Ibe machine ilds screw could be nitb bench iboved off a barge and rowed toward It At 

drsHii frsii Ihc nini,a/lnc by which tb< lalUr hss Im that niumeut Sergt Ish thought b< sew his icrteln de- 
luedlatilv dttuebed uud tbi ckKk oomoHmed going stiuctlon end as a last act of defense lit go tbe magn 
Jbi ilmk Hos act fir luuulug Iwiuly or thirty mlnutcH rlue ixpecling that they would aelie that likewise and 

a* tin* end Ilf Hhleb time the lock at ruck and fired the Miiih all would be blown to ttoma tngether 

gimioHibr and lu ibc meantime Mk adventurer ef InivUUiice however otherwise directed it Ihe 
feclid his tacepc iiiimv after anironoblng Hithin llfty or sixty yanls of 

Hill Ihe miau dllUeull ladiit of nil to be gained wai to Ihe ninihini and seeing the nwgadno detached began 
fasten Mils magiirhie to tbe bottom of a ship Here a I ■ aiiaiwct a lankii trick tmk abirm and returned to 
diffhullv arose which and which nloue as will ippear the laland 

11 Mm ciiMulug uarrarivi ilifeated Ibc HnccesHful u|iria Xpiiiuncliluc tin city howmn mnde a signal tile boats 
lUiw uf ibbi warlike aiqniBlus chum lu him ami brought him safe and sound to the 

Ml Hiisbmlls cuiitrivamsi was tbbi A very shsrii ah ire Jlii roiigaxlm In lh< nnantlme bnd drifted post 
liiiii Miri w was raaih to puss out from tbo top of Ihe (>>vi ni nw Islind Inin tbe I sst Itivcr whcie It exploded 
uuiililiu I'oumuiilratlng Inshli by a water Joint It wax with tnimmluns viuleuce throwing largo eidnmna of 
piiivlihNl with a crank at Us lowir end by which Mm wnlir and plccis of wmal that composed It bigb into the 

iiigliicer was to force It Into the ships bolloai tlihi sir < en Putnam with many otbtr ofllcers stood on 

sen w was next to be disengaged from the msihloe snd Hio shore spectators of thla explosion 
lift adhiiiiig to Ihe ships bottom A line lindlug from In s few (lavs tbe American Armv evaenated Hew 
Uie M rew to the magaslne kept tbe latter In Its d< alined York and the machine waa Uken up Iba North River 
piadtiuii for blowing np tbe viaael Another attmpt was afterwards made bv Lae upon a 

I shall now |irureed tn tin account of the first at frlgnta that lay opposite Hloomliigdale hta object sow 
ti mpt Mist waa made to ilewtroy s ship uf war all the wras lo tesleii the niagarlne to tbe sterna of Iba ablp, 
rails Ilf whhh as already stated I recilvtd from tbe doae to tbe watera edge But while attemising thla 
laild ndviuturer hlmmlf the watch disraveied him rabwd an alarm and ran 

It waa la the raiaiMi nf August 1770 when Admiral pilled him tn nlatndon Ida eiiUniflse He then endear 

Howe lay with a furmhlabli Krltlsh licet In New York ored to get under Ihe frigatea Imltom but In thla be 
Iwv a IIMIa above tbe ftarrows and a numirous UrlUah telled, having deaceaded too deep Ihla termlnslcd Us 
fone upon statin Island commanded by Qan Ilowa axpertmenta 

threatened aiinibllalluii to Ihe troeva under Wouhlng - 

ti n that Ur liushncll requested (Icn Psraons of the Riflllg ClBOB 

AuMriran Armv to runilsh him with two or three nn 1' *■>* Pdlhir of tha Soiumno AnxiicDg flOFiumm 
to barn tbe iwvlgatlon of bis new machine with a I>> a translated article from tha trsMokau tn yaw 
vhw of deatrovliig some of Ihe enemy s ahipiiing current SirnuunT Prof Adidf Heller atatea that tha 

Ml n inrauns Immedlatelv sent for Tmo then a mr primarv raoaon tor rifling u {wojectlla la to keep It nd 
Mont and two ulbem who hud offend their aervleca •*“ explaining that otherwlae It would bring up with Ita 
I gi 111 board of a fire ship, and on Bnshnell a reqnaot aaxlmnm aurteea agalnat tha Una of flight, "JuM aa k 
Is lug luadi kmiwn tn them they eallated tbemsalvaa brlnga up with Ita Oat nirteea' I have ahowB 

limit r him for Ihla novel piece of aervlce The party tbbi la tTM of a tUn flat body. It te lot tna 

w.nt III lull iMing Inland bunnd with tbe maehlna and «It ret nssalm a semf 

made vatluvM v xperlmmts with It In tba dlffarant bar- spnkid of win ever be folly skvlatsd Mr PoltwihinttHa 
Dors along shon and after having become pretty thor knartt ta tba tern of txpirliMBt titeShta 

MMAly acquainted with tha owda Of otflgaaiw U, tfctr f ******* they wwdf 


of a tet fiMltoni body whMn peovliid » has idfh 
elaBt viloAy, olwoya tfldda to HMD iMd ate 0. ».» 

•H4 Af ten Mtel l fitea amw 

Be farther rtotaa that tba pbetMteMBM la«n aa tha 
‘drift” of a rtdad ptoJeetUa Is doe to Ita niiiag oa a 
haavy enahlon of air ondenMath It, and ha apa thhi la 
known aa tbe Polam aOeet’ I hava mads asMi n- 
amlnatlon to diainvar where thla tana orlgliiatad, what 
It mnuia and hr whom It la kDewn Polmni ptiblMlwd 
most of hla papara balwean ISOO and im Vary UtOa 
of the theory of gynacopic motion waa known la Ua 
time Huler tn ITM bad given hla osMmtsd dyaoarie 
oqnatlaH In gyrAsooplo motions and had itatad he be- 
Uerad they ware tme hut that he bod no Idea wlmt 
the motion would be D Vlambart In 1700 oaU that ha 
was thankfol that slthoogh the swtlona wore not pat 
discovered they had at leoat bson presented hi an^- 
thsl torm Tbe flrat oompleta explanation Of tbeae mo¬ 
tions was given by Poinsot in hla Thaorla noavelis da 
la rotation dew eorpo, 18M. 

In 1‘oisson a ftme, ranges were too short snd guns too 
imiirrfecr tor tba drift to be parcaptlbla The reeoff- 
tiiMuu of the drift esnw In with tbe more modem light 
inwired gnni Aa ter aa I can find, the dlaeovrry at 
aid the name drift came In soma Hma daring the 
bittir half of Ibe last cdbtiiry It tbe term Polmm 
ciris!t auaning I premina a rotUiig anlnat Motional 
nslatancw Is kunwm It Is certainly not wall known The 
Inst edition of the Hncvchipwdla Britonnlca osys Tha 
esnse of the drift is nnknown bot It la evUentty due 
to some gyreaeoptc action 

Ibe latmt standard work nn tbe gyroscofie in Oar 
mouy Is Klein h Bommerfelds tabor dea Tbeorie 
Knbals This was published In 1010 snd I think any 
later edition improbable In tbls work an attempt Is 
made to explain the drift as a gyroaeople phanomanon 
Jhirc have been sew ml other such nttemiita bnt thev 
luivc all fSIleil Prof Math of Vienna (1006) said that 
thi axis of a rifled projrctllo must execute very rapid 
and lompllcated mnllona with peculiar condcnaatlon of 
air abont tlie isrint bnt tbal Iheir nature was not nn 
diratond 1 worked ont this problem In 1010 and pah 
IKhod an explanation of tho drift In IMS* I there 
showed that II was dne to tbe projeellle rolling xlda- 
ways on a hMvy enahlon of sir beneath while above 
was a paitlol vaennm offering pmeUcally no Mctinnal 
reslatinco 1 alao sbowid that Ihe point exsentes pecn 
liar cycloidal curvis being In tHct a kind of doable 
ronlitta Prof Keller atatos correctly in bin artlcto 
that Ibe point ewatea cvcJoIdal curvae, and ilio 
that the drift U due to MiMonal rulling on a heavy 
cushion of air haiientb tho pmjnrtlle Ho mahoi no 
meullun of the vacuum above Rut I cannot uudenitaDd 
Ibc relevancy or UKesally of onlllng tbte action a 
Poisson effect 

I his Is tbe Bnt correct cxplniiatlon of tho drift I 
have mat with ontwldc of my own What partleulsrlv 
Intmsts me la when and where tbls Independent ex 
planatloD originated F J B Ooanaiao 

Newton Center Hass 


CnltiTktlon 9t UrlBg Thmefl Oitaide the Body 

Tiir story nf tho nilUvatlon of tbsnies ontaide of the 
llring body boa already lost mneh of its novelty 
Thongh wo can still easily raut the time tn terms of 
moiilhs rather than years Ibe teet has hem estabUshed 
w fiinrliiKlvilY and tbe technic develnped so succfaa 
fully Hut Ibe enltlvntlon of Hamea In tbls way has 
already heemne a temlllar pnctico In many lahnra 
toriea 

Not long ago rsrrri of the Rwltottllor Tiiatltnte 
fur Mfdlcal Beaeareh called attention to tba ccodltloii 
of a ploce of ramadlTe ttasna kept In a condition of 
IS rmanent Hte It waa derived originally from a place 
of heart from a cUefc embryo Tha fragment pnlsatad 
for iM days and gave rlaa to a Inrga nnmber of eeti 
ncctlTS tbsnw cells which l^ve aUwa mnltlpllsd aottvaly 
It boa now baan kapt aliva artMdally tor tweolyaliie 
months, aecofteng to Tht /tmnut of HU Amerloam 
Jfcdieal AsMotelion, sod ehows giratar oeflvlt/ teaa at 
tha beginning of that porlod, and la ■> iMflter siilvjra 
to tba laflaanee of tlma If wa exeltida aoddrate theaa 
enmwctlTa ttoma cMIa may live IndriAtely 

KenplBi 9toMi TvUm BMct Clau 

In Mflta of tzcatmmit of tha water uod tor ateam 
pnrpoaaa la a waatan alaetrte pjaot, mafnaala and Nmr 
ware carried ovor In ao n ridstaMa fflmiiiittaa and tonaad 
a enatlng on tha Madaa of the tarMne that waa dMMt 
to ramova and aaramltatad cwaddMkhte work, htwldw 
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moKHieuniaiH amd Toxiiia n oonmenon with 

TMa erldanoe famUiad by tbe morbid hlatolficy 
the bnln in tbe mnite and recent tnyc b oe a i la uut In 
favor ol anything annoaohlng a vlmlent to a i etnl a, with 
the donbtliil exoeptlon of tbe condltlan known aa ■‘aouto 
ddlrlqBi,” or “aente deUriooi mania”; uelUier doea 
dlnteBl evMeoee iwiiit to anoh, with the aame iwmlble 
exfieption. Tbe temperatore-pnlae-reiplratlua chert In 
caam at acute and recent mmital dlaordeta ahown very 
little evldmua of lebrlle reaetluo. Toxiua, U any, moat 
be of a low ttagree of vlmleocft We know, liowever, 
that varlona dmga which are Incayable of iirmiiielug 
the Iwdlly dlat u rbanoB at teacUon which accomiwulea 
an attack of one of the qiacUlc fevera, and from thla 
point at view are not vlmlant, are neverthcleae able to 
ptudnoe very deUnlte mental dlaturbance. While mor¬ 
bid hletology aflorda practically no erldence of acute 
lor walla In tbe paychoeea, the changee loond are quite 
rampatlUe with the operatluo of a toilu of a milder 
kind. Thin la tme, apart from dementia paralytica, for 
aenta dallrltim. acute mania or meUnchalla, the pey- 
choeea of exhauatloa. OaaM of the dlaordcn grouped 
under the uume “demeutla ptwcox” do not, for all prac¬ 
tical porpoeea, come to necnqMy bi tbe acute and recent 
phaae, an that, unfortunately, we have no aullleleut In- 
tomatloa In reapect to tbeee. The examination of tbe 
bhwd In the acute and recent psychoeea with tbe UHoal 
aeroblo methoda, npon tbe UHual culture media, glvea 
negative reaulta. 

Of all mental dlaordera the condition known aa “aente 
dellrlom,” or ”acate dellrlouH mania,” la that In which 
wn ahould moot expect to Oud evUlenco of bacterial 
origin, on aoconut of the ocuteneoa of all the mental 
aymptoqta and tbe exlatence of grave bodily Ulneea. 
Tbe rarity of thia condition baa largely prevented lU 
pnqper otudy; among the mte aupported linMue, at any 
rate, It la extremely rare, and I can only remember 
to hare aeen two or three caaea In my experience of 
Iweuty-Amr yeara, and ime of tbaae wae at Uothicbcm 
Koyol Hoapltal, which doea nut recrive tbe rate mip- 
lairted. No atgulOcance la to be attuubed upon eclentlllc 
gruuoda to any uiganbun hitherto found In the clrcnU- 
tlon In tbla dIaeaHe. Tbe condition hi aeen in connection 
with typhoid and oUier InfecUoua dlaordera, ond It 
wiaild therefore apiwar that more than one toxic agent 
can produce It, unleaa, Indeed, auch acta merely oa a 
ptedlapcalag canaa. Koxowaky* In a recent communi¬ 
cation upon the pathology of acute delirium, otatca that 
itaptgrlocoocl, dlplociiccl, and the ludueuia baclllua have 
all been found In caaea of that dlaordvr, and tbla la not 
anrprlolpg, aeelug that the atatc foUowa uiam dlneoam 
In whkdi tbeae organlanu arc cauaal agento. 1 am nut 
aware of uy record of anbnal liioculatloua In counec- 
tlon with caaea of acute dellrinm, The paychtimw fol¬ 
lowing upon ipeclilo fOvera bat rarely come to necrupey, 
ao that we have no auAdent Information aa to the bla- 
tologleal coodUioiM preaeot In the bruin in mwh uun<h. 

The la/eettoa Pnfohotet. 

Thte brlngi mo to tbe oonolderatlon of tbe paychoeea 
due to IntOotloa or IntoilniUnn proe o ae c u. By theao 
wo mean dlaordera of mind, which amount to more 
than mart tranoltory dellrinm, and whldi auperveue In 
tha oouraa ol^ or follow npon, Infoottona fOren, or epc- 
cUc dlaeaoM attended with fever. Theae payoboeea 
aeen,to aie peenHarly wotthy of atndy, for thereby we 
Ole Hkely to obtalu an taright Into the puthogeneala of 
■dmllar dbrn^dera of mind whlob a)1ee witbaat any 
obvlaae coow otbtr than n mere deterioration of health. 

’ The InhaettoB paychoaeai aa they may for caovenlence 
be fMned, are rarely seen In pnbUo tneUtotlone tor the 
hwaiwt In tto drat plooe, they an aneaeunon; In the 
eeDond, ttey nro moatly of brief duration. They are 
to be ma< tregnentiy In tbe paydriatrlc cUnhw 

of unlvaMiy to«ma on the oontlnnit, np doubt becanae 
tha patfM are readily traaafbmd thither fNm the 
oidiiih^iBediaBl cttnloi when they Imeoae tronbleoome. 

^4Mng Ite vaellia fevant, t^ihold yielded np to iw- 
Ofnt .yuiwa thn^lairipat nnaiber at theea caaea, but of 
lata ymin hae'hada a polHit factor. Fried- 

UUdar i,A #i iul,]Mr pti4 u the nnmber of caaea 
11^ paiOhoom omgiR . lOryrt^ 
hiyihohtttiW-hW^ihly tho'wat moat fraqomit cnime; 
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peycbuacN, la in a riaaa by IlMdf. Thcac payclMMca, while 
uu (Imilit nuiluly aiqwarlng after tha bodily UIucmm Iiuk 
maiilfnded itaelf, or at ita clooc, may ajipear In Mio 
form of dellrlom or maiihi liefore there bi any fever, 
and are Uumi only aM-rlbable to a toxin, and fairly com¬ 
parable til a iwyclMiabi due to Home drug, to a pobumoua 
HUlmtance uhcU In an luduatry, or to iHumalncH. Further¬ 
more, the mental dbwrder iloce not by any meana neceo- 
aarily go with blgh temprroturea, even when It apiwan 
after the bodily ttlncae baa become dcHnltely catab- 
IlHhed. Tbla la the lint iuatruetive leoaou I draw from 
n Htudy of tbe lufm-tiun pHycluMea; timy Uluatrote (In 
common with Imtaulty from drug iiobtoulug) tbe ability 
of a toxlu to cauae luaaiilty. A aecoiid liiHtriu-tlve fui-t 
la that thon la no dIBotenee In the kind of aymiitioM 
by which one can dlatliiguiab the iwychuNlM enuHcd by 
one Infection or intoxlcatloo frmn that raiwed by an¬ 
other. The brain reaeta in commiai. limited, well-rciog- 
uliod woya, Irreapeetlve of tbe imtiirc of tlir prtivocatJve 
dlMMoe, It reaeta to toximt; from which It apia-an that 
dlffcrcat toxiua arc capable of producing the aame ef 
fccta npon tbe cerebral cortex. 

Tbeae payeboaea exemplify the moat dlverae ellnlcal 
forma; tboa, aente dellrions niaiila, nianbi, nielaticlmllu. 
atatea rcacmbllng cloaely certain of tlwae detuuial ebar- 
actcrlatlc of dementhi praaox, otbera raaeuilillng thoae 
aeon In luaaulty with ddlepay (e.g., atatea of agitetlou, 
IHjal epileptic atupur), acute cimfualonal coimIIUoiui, an 
exalterl ateta raoembllng that aeen lu dementia para- 
lytkw, the ayndruiae of KoraAkow- -with lU prelluilnary 
ogltetlun and aulaaajaeat disorder of memory and at- 
teutlon power; above all, they take the form of acute 
hallnclnatory Inaaully. lu tbe laiat fcltrilo iwriod de¬ 
mentia of varying degree la ahown. In ahiirt, If wc 
cxcludo ayatomatlxad delualmitl Inaaulty, tbe above 
summary lacludea practhwlly all the fnnua to whleb 
dbawao <it the mind maiiifeatH Itaelf. Tbe aiasdlle fevera 
can repnaluee them all. no tiuit dlBereutlal dluginwla 
fnan like meuUl dlaordera aa ordinarily setm Is for the 
time being praetienlly ImpiaMlble. Tlie only eaaeiiltiii 
difference la Hut In the symptomatic iwychiMls the 
disorder la Maauionly of ahurter duration than In the 
smcnlled ‘‘endogeiuma” latyobusca, although after lyjihold 
and Inflncnia rarylng degrees of mentid defect may 
laat for yean. The above tsiUMlderalloua iuilurally 
prompt the Inquiry aa to whether tlie funaa of Iiisaalty 
wc are acenatomod to meet with, of unkiumn uriglii, an> 
due alao to toxlna, ciognioiia or cmlogeiHina. A tblrd 
point whleb la noticeable In connectkai with the liifer-- 
tlou payeboaea la tbat one and the aame iinivisaillve 
dlaeoao (toxin) iirwlueva different forms of iiiciitel dbt- 
nriler In dlfforeut iMirsons, which Is jirraninnldy duo to 
Intllvldual iiecullarittea. 

A siaadal reference neenis dealralde lo I he |»4Fudo 
gi'iierni iwralyals which occiira In <siiiiiis-tl<in with some 
Ilf llu> aiieclllc fevera, a point alludeal to by Ikmlus'ffer* 
lu hla atmly of tlie ayiuidomntle iwycliiaaw. As far ns 
I am aware tlm laiplllary reflexea are never alli'nil, lull 
the typical mental aymptoou are retirmlucisl, mid the 
speech bi affected, altliough not typically, yet In swh 
mamier an to canoe dUllculty In dlagnaala. The knee- 
jerka may be exaggerated. Aa tlie implllary plienomenii 
are not preaent In every caae of true general pnralysle 
It most bave been practically impoaalble to iIliigniMc tbe 
olmnUtod from the real diaeaep by the men> ayiiiptoois 
In daya prior to the Introduction of aeniloglcal, cbeml- 
eal, ond eytologlcaJ teats In respect of the iVreliro-apInal 
fluid. A further special reference may lie made to the 
oecnrronca of symptomo ImllatlnculaliaMo from tboae 
given oa characterMIe of the katatonh- variety of de¬ 
mentia prwcox. There are the otiqior, flexibllltao cerea, 
verblgeratlaii, ectaolalla, and echupnxla. stereotyii.*, 
rbythmlcal teoveinenta, rigldtty of attUnde, grimacing, 
mimicking, ties, and negatlvlom; In foi-t, Ibero la the 
entire aymptam complex o* tbla ty|ie of dementia pire- 
cox. Bonhoeffer baa iwently given aoiiie good deocrip- 
tkma of tbla eondllloa following upon typboM ami pneu¬ 
monia. A cnndlUon resembling kautnnic stupor baa 
been deaeribeiP' oa developing In a ease of prilagra; 
tbe patient apparently bad a predlapndtion to mental 
dlaorder, aa she hod an attaric of mania otx years pre- 
vlnuHly, before the pellagra shnwed llarif. The Infec¬ 
tion loiyclioaes furnloh tnatancea In which a given eymp- 
tom eomplo 1* pradueed by more than one aretblflo 
Bgeney, and tbertfore oonatitnto an argmn sot against 

sllMborirwi rie gymptosiBtisHws P sy sliii sis. Itia 
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Niss’lltclly III cuusutliiii of the vnrloUH kinds of Inaaully. 
iiH- uli..iiriuiil ciiiistltutluii of the bruin lu Individuals 
falling \lctlms to uiciitul disorder would seem to bo ol 
mure Impurluucu lluiii the exciting cause; the inllabile 
more Important than the initan*. 

The study of mutiibollsm lu uiciital dlsonlera Ik lu 
Its Infancy; luctbuda hitherto employed are Inadequate 
to deal with (be subject. Thu aarnu la true of cbcmlcal 
uu-tliuds. Tbu uiuat cuucunluiil results are lu respect 
lu epilepsy with Insanity, deuieiilla iwraly Ikui, dementia 
pnueux, and manic deiireasivu Insanity, lint tl.e cJuiigcs 
ulumrvisl up to tlio preacut are uot isttbugnoauadc. 

Tbat psychical disturbances luHuuuve iiietalwibim Is 
but uuuUicr way of auylug that tbe body Is Inttuouced 
by tiH! mind. It liavliig been ilcmunstrausl lu a given 
case of iiiMuiilty Hist a dbmnk-r of mcUilnilbim Is pna- 
ciit, tlie quesUuu o( muse and effect rouuilus to be dc- 
teniilned. Uiiu of the Is-sl luHluuces of parallelism 
between dlsunlcr of uilud and dbuirdcr of metabolism, 
and one of the readiest to suggest Itself, b< Hie uccur- 
ri-iiLv of glyi-uaurUi In cundlUuiis of mental agitation, 
or ugltulluu with ilcjireaaluu, such aa occur lu different 
kinds of liisaiilly. According lu Allers tbe imrluds of 
excIteineiiL of general luirulyHcs and epileptics are us- 
suHhUsI with an i>xcrelloii of acetoue Isslles. Tbe origin 
of lliese Is a uniLter of sis.h.'uUiU(iu. Then there Is the 
pliuspluilurla cuniastcd with states of mental agitation, 
1 fear Hint In him-Ii Iimuiiccs us these It la dllflcult to 
get beyond tbe uiisullsructury ihmIIIuii of iMycbuidiysImJ 
parallelism. 

J/v/abvIlsut Is JipUcptg. 

Tlic work of Itolide” Is cited by Alien* as particularly 


iillrogi'ii, wlilcb n>ucbeH Its maximum Immediately bi' 
fore tbe lit. Tlie iire-tsimxyiuual sUige b* also marked 
by tbu uiipearaiice of an lucrcused ipiuiiHly of 
<>llicr stiluble adds. The sigiilllcuisv of this vx- 
piCHsliiu Is diibluus, uiHl It requires explHiiatlun, Tbe 
ndciitluii of .V Would iipiwar lu Ia‘ the cbiinicteristk' of 

I lie lll-rns* Hlup', blit It Is uut |H>cnllur to epileiisy, for 

II sliiillar coiiillllon Inis la-cii descrilssi In (nuiM!Ctl«*ii 


acid; tbe lust Is jirulsilily dne to inusi'nlur issilrsctloiis 
and asphyxia, llulde,” fnnn Ids resourclns. Into tlic 
isilliogciicsb* of eplliis<y. also descrllH.-s a pnifonial uller- 
ulliiii 111 iiltrugcnoos iiietebollsm. 

Mrlabuhiim tn /It iscslia /‘urulydcfi. 

Tlic study uf iiictiilsillMiii In IliU disease Is n-iidered 
oxlrciiicly laborious and iiiiistIiiIii owing to tlie rcstless- 
iicsM of tlie imtlciits anil the dllllciilly of olilninliig Dt- 
lioiir H|ss>liuciis of the excreta. In IWa* Kuiiffmuiiii” 
wrote a monograph cinbrni-liig Hie sliidy of n few immhh, 
bill I be ruloe of his luboriuiis work Is mueli dliiiliilHlie«l 
by reason nf Its uusysteuiulle anil diffuse nature. He 
brings iMit Hie jsiliil nf Hie disturbiiuee iit tho water 
iMlninr; the halanee Is negiillve, the Inss nf wilier 
IMirtly ueeunntllig for the eiiuriiions Iim* of weight lu 
tills dbiense. Other workers, us Allers n-fer tn Hu* 
great rnrlatloas In tbe water balamv. There are. 
further, great vartaUuiis In weight not diqs-iideut iiisai 
fiKsl Intake. The loss of weight Is imt iviiiilertialam'isl 
liy Hiibilitoncoiia infusion uf suit soliiHuii, llie pnas-ss 
of heat regnlHtluli b* also dbilnrtMsI. For the li>m|H>niry 
febrile stales whieh one ignsTves In poieriil isiralytles. 
If Hw teiiiiSTatnre Is token regularly en'ry llin'e nr four 
liiHirs, aisl fur whieli there bi no appureul euuse, Kaiiff 
muiiii suggests, by way nt cxplanalluu, the aeeuinniiitlon 
Ilf lutenuedlute iinsliiets of metabolboii. Tlie fever 
Hins iirodueed brings iiIhiiiL liiereased oxliliitiuii hihI so 
liecmutw extiugnisbed. Tlsste felirlle states have imii- 
imiiily been explaliHsl U|siii a theory of liifis-tloii anil 
not U|sm (Hie uf anto-liitoxk'atlon. In dementia imra- 
lytlra, uud, lu fact, lu all iwychoses leading to demeiillu, 
producta of degencntlon of nervous tissues (ab/ms pro- 
dakls) are to bo found In tbe glia cells, ami cells of 
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tlie adventitia of blood vcwla, In oomidornble, ■oniO' 
tlineH In enonnoua, unoont Thene have oomnianljr beta 
Inokeil uiKHi aa of a tattj nature, bat on Ineafflcieiit evl- 
(Ipnce. It ranelne to bn Men what the; reall; are 
from a ebouiical atandpolnt and, b; experiment, what 
iHixInuH liilliienL-e tbe; may have. 

liLveutl; Allera* ban pnbllahcd the reeulta of a pro- 
li>nKiKl nwareh In the mctabollem of dementia paraly- 
llrn, lilx ehlef eutirlUHlofia being that endogenoua pro- 
li'lii uietalHilUm la liH-reoned, ae evidenced b; the nega¬ 
tive iiltrnKvii (and iinipbur) balance, with uniform In- 
Inhe nr iiltruKeii. Nevertbeleea, the metabolic cbongea 
lire lint imrrled out to Ihelt ewl atagea; they are quantl- 
tiitlvely greater but ynalltatlvely iledclent—Inccaaplete. 
'Hiefle dellnitc metabolic chongeo, occurring at any rate 
III iiTtulii iibaaea iif the dlseoaeo, ora regarded oi thaw- 
lug the exiMteuco of a general, net merdy a cerebro 
Nidiial, dlNorder. Before their algnlllfanee for dementia 
iwmlytlca f«n be entluialed control experlmenta in other 
■irgnule dlwiiiBm of the nervoua eyetem are neoMMtry, 
lull thme. na Allem points ont, are an good ae non- 
l■^lMtl■Ilt. It In highly dgnlllcaut that conalderable 
llll•lldHlll■■ dlNtiirbaiii'e may be present with bnt small 
liiHH III weight, fur In persona prone to mental disorder 
Nllghl liisNeN III weight frequently go with a deflolte 
illHiiirliniii-e of the mental balance. 


I'lie katatonlc form has been carefully Investigated 
liy Kosenfeld,” the four coats be worked with being In 
a atuporono state; they were upon a fixed diet and fed 
liy tube. The positive nwult was that N was retained 
In considerable quantity la all laaes. even In periods 
when Insunicleot food was taken niid the body weight 
sank. The nitrogen bt believed to be In the form at 
available free protelih and for reasons he states. 
PlRhlnl- obUlned a Ilka MOnlt bnt In the chronle 
pliase of the dlaeoM (which la characterlaod by de¬ 
mentia, negativism, tlOB, and stereotypy), and pboa- 
pliorus was abn excreted In diminished quantity, while 
excretion of caldum and aulphur wan Increaseil. In the 
acute phase, or with exacerbations, charactsrlxed by 
motor reatleasnesa Impulsiveness, and sensory excite¬ 
ment, tbe N balance was negative, and anlphur and 
pbasphorua (especially nentral snlpbnr) were excreted 
In Increased quantity, which Plghlnl sacrlbes to In- 
ereafcd nocleo pndeln kataboHsm. In ths final, chronic 
stage, cbaractarlaed by demantia—lnstancaa of which 
on largdy help to fill asylwna—the chemlool oxt^ange 
Is phyalologleal, aa one would expect. In the tctlra 
phase of this disease, ta In dementia paralytica, there 
ara great variattena In weight, not wholly dependent 
ufioD food Intake; the latter may be abundant and ab¬ 
sorption good, and yet tbe patient losM weight Ths 
work of Resenfdd goea to show that these variations, 
OH III dementis paralytica, are doe largely to dlstnrb- 
siice In the water balance. 

Orafo," In 18 coses of stupor occorrlng In different 
funoH of mental dlsorder-sudi os the katatonlc fonn 
of dementia prasHix, dementia paralytica—found a 
defiuUe lowering of metabolism, especially in the de¬ 
mentia prmcox cases. The prcdoctlon of hoot was 
diminished to 89 per cent below normsL Apart from 
myxmdemn, such an extreme redaction Is bellered to be 
very rare. In these cases there was no marked emaci¬ 
ation and no hypotonldty of mnscla And inch redac¬ 
tion Is, accordliig to Grafe, not found In Ghrwdo under 
nutrition. From the researclica of Boreteln, Bomateln 
and Gven, and QrafS It foUowa that tbe exchange ot 
energy, oa estlmsted In calories, Is very considerably 
dlmlnlehed, and below the limit ot phyetologloal vorla- 


The Drcrtaff ladulrr 

AccomiiHO to the daily press, tbe maniifheUrers ot 
both cotton and woolen goods and other oolor-uilng 
ludustrlM In this country are being put to conaUarablo 
dineuItliNi In secnrliig a BDffldent supply of dyestuflk. 
One or more of theoa senaatlonal arttcles stated that 
there won a poalblUty of Ihla famine In dyea (ettfng 
textile mills In shot down and throw abont 400,(XI0 am- 
ployesa out ot work. Aniline dya are ptodooed prin¬ 
cipally In tbe countries In which war now rage^ aod 
the chief aource of tbe material nsed in tha Imitad 
Stales has been Oennany. The Interteenee with Oe^ 
many la shipping dyes into this conntiy at tha ontbreak 


of the war Immedlataly awokaaed leriima apprebm- 
Siena la tbe misda of oosm of thoM who bad a knowl¬ 
edge of onr dependence on Oermony (or CMl-tar dyox 
The more recent ordelee on tble snbject pnbllahed In 
the bode and idantlfle papera dealing with dyeo, tax- 
tiles and all Indnstrles depending In whole or In part 
upon German coal-tar prodncti, refte to tbe sltnatlon 
aa tor leas perplexing than the dolly preoe originally 
seemed to ludicate. In on srttd* beaded “Oentrtbn- 
tlous of the Obmalst to the Industrial Develoiioient of 
tbe United Stateo—A Record ot Achievement," by Ber¬ 
nard G. Heoaot The Josmat of IwiMtHal oad ffsrineef^ 
isf CkrmUtm, April. IMS, roloea tha qoMtlon: It 
there a shortage? Thia queotlan la not oimwtted at- 
firmitlvely, but Mr. Heose goes la to show that the prso- 
ent dlfllcolty, fur instance, In the textile Indnstry deea 
nut lie In the lock of dyes, but that tbe real oanse goes 
deeper than the dyestuff qnestlou, because tbe mills 
cannot sell their gooda But, he myi. If they could sell 
thdr goode in this conntry or elsewhere, they might 
buy more dyMtuffs Uian they do, 

Mr. William W. Skidd; of tho Htamford Hannfkc- 
luring (yompany, Stamford, (hum., arcimting to the New 
York Timet at April llth, 1910, says: 

“I think the exdtmnenl which has been 
caused by many of thaae articles Is nucallcd 
for, for the reason that there ore dyestuffs In 
considertble qnantlties made In tbe United 
States. There are stnue who manufacture snl- 
llnee In the United mates, aod there ore also 
large manufacturers of vegetable dyea In thla 
country, auch as logwood, tnatk, hypemlc, etc. 
These dyes were made for a greet many years 
prior to the knowledge of say aniline colors, 

Hud were uulvenmlly naed by tbe textile manu¬ 
facturers Bud others who had to use eoloia.’’ 

About sixty years ago the United Btatea mannlOc- 
tured practlcaUy all dyeatnffs nsed In thla conntiy, bnt 
thoee colors were ot vegeuble ortgltt. The dye-wood 
extract Imluitry was developod bere^ Imt ear mathoda 
were Immediately copied by the Bnropeana, and many 
factories for making dyeatnffs soon sprang np In Bng- 
land, France, Germany. Italy, and Ruoslo, where labor 
was cheaper than In the United Btatea, and the flnlalied 
product conid be Imported for leoi than It conld ba mada 
here. Another aerlona blow to the American dye Indna- 
try was the rapid development of coal-tar dysa In Q«e- 
many. Bnormons qnontltlaa o( theoa onion of a^aioat 
unlimited vorlotles are now made la Ahnope and peace 
tloalty all ot thorn have been introdneed and on. now 
In great demand among Amorlcan coto-imlng concarna. 
Thsse are at pcnmit about IsHK) ihodn or coiablna- 
tlous aud they are otUl tncraaolng. 

It la gratifilng to leoiu from vartona rrilabla ooweea 
that the domestic manufacturers by running toll time 
cun sBtbify the normal requlrementa of tlio criOMiaIng 
concerns In thla ounotry. It is undsrriood, of course 
tbit American manufacturen cannot now make a nnm- 
ber of the shades which have been recently predneed 
In Germany, nor con It be determined what per cent of 
the color octnaUy mode available (or nae In thla oonn- 
try wlU be of coal-tar orlgia. German dyoitnfla wlU 
eunttnoe to cemo In and tbe pooltioa of the *r-in1fr 
nunafactursr ot coal-tar dyea may remain wiwhsngsA 
unUl the tariff lawa art 

There is a fklr posathlllty, however, that vsfetobla 
dyes are coming Into their own igmln. It le ctoimsA 
that tha adjuttment of tho machinery In dyafi« irianta 
for tbe nee of vegetable oa egsinot eoal-tar dyw ta not 
Ter;r great, u ta ohown by the tact that a nnmber of 
textile manntactureri noe both ainAs of dys% dapmid- 
Ing upon tbe material to be cotond. Anotbor tactor In 
ttfw at tbe poBoIble Incnoasd noe of tbe vegttaUe dye 
Is that the producen of this olov of goads ore folly 
equipped and otn proenre tho nw maturtal at the ptue- 
enrtlme under the mori tavoiable riicnmataaoM. The 
wood! omne ebtady from tropical America, and ilnea 
Uw aUpOMDt ef thete vcodnto ■oropa ta oauidaiaUy 

curtoUod, they ore now cfTered In the Amolean mar- 
keta at fliorsa below tha nmnoL 
While the oae ot dyrndaffs In general hoa Inenoori 
mMnooasly la rscent yaaro, that obtained taooa dye- 
woods has decreased. Fran 1800 the quantity and valne 
of dye-wooda Importad otaodUy inenaaed nntU obevt 
wbsn the ooal-taf dyoe began to oma I'vtc* gtoml 
usoL During tha ooeaes^ deeodsa the suwmtif Ii». 
ported fieU obrnpOy. Tho total value of dytatab (lev 
and extneta) uoed ta Urmi la tlw tanowliig tahla: 


nrtUktal dyea, ItarilB, riytah ataeeemto taota tha Wofit 
itisis- , otaada la c«»«fss«stist «~>»«g thn wofidi 

need for extracttoff a dye. It ta mad p rirndp a h y la 
dyefag woolen gooda a brl||ht yellow eolar. Toa# 
(natle, camwood, borwood, kandm, mMoa, oad (he 
Rnudta cone Into tbta oonitay la rurbm qlntlttaa 
In addltlan to theee foreign wooda root quontlttag of 
oak berk ore used, os weU oa a hmg Not of other vego- 
table tiame ot ndnor Importanoa Bnt thta can hardly 
ever be Mittatactocy. Not only ora moat eoal-tar dy* 
cheaper than vegetable dyea, but tbe vatlely ot Aoda Ih 
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Developments in Electromagnetism—I* 

A. Review of Some Important Problems, and the Laboratory Results 


By Eugene Bloch, Professor at the Lyc£e Saint Louis 


Tac donuilu uf electmuiiiKiK'tliiui Ih tiMluy m> kruml 
uud 80 comjilrx lliul In u Uch' imKi-H ui- fuuuut (u 
Hliuw all Ita froiilJiTM. For tl»e pratpiit, Ihorcfori!, wi‘ 
will limit ouiwIvM til rvvluwliiK iiirUilii prubliiiu wlilcli 
lurtlcnlarly utirnc-l our uttciiUou, elllmr Iqr the iiuiuImt 
or the lm|ioHaiii« uf the luTeHtlKalluna which they have 
pruducnl. We will Mtart with the theoretical ilevokip- 
meuta and end with the rcatilta gained In the laho- 
r".tO!T.‘ 

L TUB DYNAMlca Of TUI KLtCThb^J^: r'^-TaO- 
MAOHCTIO UAaa. 

The electromagnetic theory of matter and the ether 
In the perfected form doe tu II. A. Lorenti la really a 
theory of electruiia. Matter In all Ito forma la by It cuii- 
oldered na made up of complex groupa of which uu 
eoacntlal element la tbo uegutiTe electron either free or 
hound to an atom. Thla element la defined by Ita cluirge 
i; (iJl X 10 " clei-tnietatle iinibil and IN mam, which N 
Invariably at amall velocilleM (e/iii 1.76 X IC cloctne 
magnetic uulU). Thla reaull waa the logical cuuao- 
queiMW uf a lung and lirllUaiit aerlea uf dlamverleH 
which marked the end of the laal and the bugluiilnK of 
the preaeut century (cathode mja, X-rnyo, goaeoua 
Inna, Zeeman effect, radioactivity, etc.). 

A fundamental problem of thla (lioury la evidently the 
atndy of the motion of an loolntcd electron and the elec- 
tronMgueUc perlurbaUmui which accompany It I'hlH 
problem galun In liitereat aa cxiierlimmtal dcmonatrii- 
Uon becomCH pnealble. Cathmlo mya from all auuma 
(raya frmn Croukca'a tubco, from the photoelectric ef¬ 
fect, the p raya from radium) are, indeed, floxea of 
eleclrona projected at great velocltlea from matter. I,et 
oa, therefore, review firat the Imiwrlant reeulN nf the 
theory which waa developed by tleavlalde end Hearlo 
and later and fmidamenlally by J. J. Tfanmanu (llWl), 
a theory which haa paaoed tliruugh many Muccewdvn 
developmeuta.* 

(1) All eleclroii moving with u iiulfonn velocity, or 
at laaat a velocity only alowly vurlable (quaal-atatloii- 
ary), cnrrlee Invariably tied to It an electromagnetic 
field the form uf which can la> completely deduced from 
the MaiwelM/ircnli equatloiin. Thla niovlng field hnn 
beeu called the ••velocity wave." 

(2) If tlie electron auffeni au accelenitiun, a wave la 
Immediately proiwgated from It baring all the char- 
acteriaUca of a lumlitona wave (trauaverae vIliraUouM, 
rectangular electric and magnatlc fielda). Thla dlo- 
turliaucn baa been called an •'acoeleralloD wave.” At 


truiuaguetlc iuterpreUtlen of medunlca. In thla new 
uieehanlca, the maas aa doea net malntalB a oonotant 
value m. ozceiii at vety amall relouillaa. For a velocity 
comparable with that at light (p near 1) the moae be- 
comea a fnncUou of p and I ncr eaa m I ndefinitely na p 
approacboB nnlty. Further, It la necMMir to dlattn> 
gulah between a longltadiiigl and a trahavena mtaa 
according to the orleotatlon of the aeceleiatlMi adth 
regard to the velocity. The txanavene maaa, detectable 
only In tlie experlmeuts with the davlationa of the 
cathode raya, la glvon according to Max Abraham by 
the rdatloo 


Thla formnia acemed completely verified by the oheer- 
valluua of Kautmann' (1900 and 1908). Ua meaonred 
the variation of the ratio e/m with the vdodly for the 
p raya fntni radium, uUlliIng the electric and magneUo 
derlatloua uf the olcctroua having vatodtlas teaching 
ninety-five oae-hnndredtba of the velocily of light 
MInco then other furmube have beeu propoeed In the 
place of thla. Langsvln and Bncherer,* baaing their 
formula upon the hypotheala of a deformable electron 
of ennatant volume, obtained 


Kurlher, aa a couaequence of the devetopment of the 
theory of relativity (ace Section II of thla article), □. 
it liureuti, iKwtulatIng an oieetton of euuatant eqnn- 
torlal diameter, deduced a third furmgla: 


mctangular oleclrlc and magnatlc fielda). Thla dlo- 
turliaucn baa been called an ”acoeleraUon wave.” At 
great dlatauce* from the electron the latter wave alone 
cxlata bccauoo Ita amplltndo varioa Invenoly oa the dle- 
tance from ibe electron and not aa the Invene oquare 
OH doea that of the other wave. Thla ohowa ua (ha prob- 
ahle orlglu of lumluuua radlalloua and the root of tbo 
explanailou of the Zeemau effect Here alao we find 
Ihe explaiialhin of X-raya which are electronuiguetlc 
pulom* due to the abrupt atapiaige of cathode corpuacbia 
at the aiiUcathode and the reonlUng negaUve accel¬ 
eration. 

(3) fn order to give nn electron a quoal-alaUaiuiry 
movement there muat be communicated to It energy 
which la Htored up In lie field os electric and magnetic 
energy. The neceaoary calculatloua for thla field are 
relatively oimple where the ratio (P) at the velocity 
(o) of the particle to the velocity nf light (K) la omaU 
They become more complicated where p approachmi 
unite and wm firat made completely by Max. Abraham* 
In 1008 upon the hypotheala uf a rigid, apbertcal elec¬ 
tron carrying a charge uniformly dlatributed tbroogb- 
out Ita volnme. Then the maguoUr energy of the field 
can alwiya be eipreeeed In Ihe form of kinetic energy, 

. . 11 li quite natural tu apeak uf the cnelBcletit m aa 

tbo electromagnetic moaa of Ibe eleclrona Thla maai 
may be onperpooed upon the ordlimry muo, at leoot It 
doea not wholly take Ita place. Thla leada to an elee- 

• TnuUM from Borie p4n*ral» 4m gotooem yam el oy- 
pUtaim, Pirta, Mth r«r. No. g. April noth, lOlS. U the 
Ananol Deport edMw gfflItheoBlin loaUtotloB for lOlS. 

■ It will bo OA the qaettloa, for Inetann, In tbli review 
In nnrider the rcccat reoaoreliei on the brgor loae. X-raye. 
radloactlritr, vacnam tnbea aad the yboaomeat eoaaeetad 
with them (poiltlve rayi, etc), or atmoepberie electririty. 

'Sea tbo refereacea dted farther on. 

■ W# have not eaSdent apace to deocribe the carton theory 
of Draga aecordlBg to which tte X-rayi end the r loya at 
radligg 1I« aocbirged particlea of mattn. Uanavtr. tUa 
thedqi-lippean to be contradlettd by the toceat beoatlfM ix- 
perlmehti of Lane end bta paplla npoa the dlIncIlOB of 
X rare hj cryitilc (Brega MM. Jfey., October, IMT: 0»eac 
,veir«, ,ol. OT. p. Ida. 1008; ffedtooi. p. MS. 1008. Bat atat 
artlrln bj Brnoct le thu Berae for rtbmry lOtb, tOlO.) 


Theao new formnia alao aiqaatr to lit the eipeiimenla 
of Kaufmann. It became necemry, therefore, to make 
new ezperlmeula mure preebw than thuae of Kaufmann 
III order to chuoae between the vartuna formnia. Sev¬ 
eral attompia to do thla have been made. 

lluchoter' placed a grain of radium fluoride ut the 
oenlcr of a coudanaer formed of two Hat dlaka 8 centl- 
im>teni In diameter and aeparated by 0.20 millimeter. 
TIiIh condeiiaer waa Ineloaed tu an alr-tlgbt cylindrical 
laix, the walla of which carried a photographic film. 
TIiIh waa all placed In a uniform magnetic field parallel 
to tbo platen and • rery perfect vacuum iiruduced. 
When the cundenaer la charged, the p raya trace npon 
the film a line the analyata of which permlta the oalcn- 
iHlIuo of the variation of e/m with the velocity. In thla 
ciiau the formula of Ijoreutx la found to fit beat, con.- 
firming nicely the principle of relativity. 

Tlieee «mclaaiunn have been clenched by yet taler ex- 
larlmento. Ilupka* need the olectrona from the pbutu- 
clcrtrlc effect, produced In a very perfOct vacuum and 
Hcrielorated by Inlenae electric fielda raaebbig a otrcAltb 
Ilf II0,()U0 voltH. Tho hoowicdga of the velocity e and 
the ratio e/m wai deduced from the magnetic deviation, 
rendered evldout by a fluorewrut acreen, and Ihe inag- 
idtude of the accelerating potential. The maximum 
velodtlea obtained were of the order of v/t. The 
formula of lairentx fiu theao obBervallona alao betUr 
(ban that of AInham. However, tbeae experlmeota are 
leoa couvlncliig than the preceding one, as Hell noted.' 
Hluce the highest potentlala, muat he known with ■ pre- 
efadon gtaater than 1 pec cent, on aceoracy dlllloult to 
obtain. 

a K. Ouye and Batnovaky," deatroaa of cocaptoAthls 
dUDculty, uaed ordinary cathode raya, produetd Is a 
good vacaum, a'pd deviated at the mime time both elec- 
iricBlIy and magnetically ao as to gK rid of the' nena- 
alty of meaaorlnf the potential naed. Tlisae roanUa also 
oonflim Lorenti^^tfmala at the expanae of Abtaham'a 

Wa are led by all these 't^^tg to look npoa an alce- 
tron ai deformable only In dlrectian of Ha motion, 
ODufOnnabla with the prindple of ralallvlty; la tUa 
respect they undergo the eoatnetlon of L^reatg (nee 
further oa). Do all dUBonlllet now dtoappaarT WUhogt 
conalderlng the objectioua of a more genafal Shtan 
whldi are today urged agalngt the prtadple of ralaT 
tlvlty (oee Bectioa H), we mast toy, aa Aa H. Fala> 
car«° baa obaarved, we caanot eomg m shwid why aa 

«B«i lam, ilmkmu aad eotpaeclm , v*lT ^ 

•Uagavla. SwoH ftMwIr doi fiMfoeoa IL atr. Itfig. 

•Baeboar, yharih MtUmtrtft. veL ItV TML IgOSi Aaaalm 
tar nsaU, TOL M, p. 8U 1908. 


•H«ll Aupettn 4er MnmO, voL 91, p gtt, ttlA 
wOnya aad Bataonky. Op m p tm W m O ma. CL. p 9M. IMP 

> a PemeatA AmMimW M OIraale Math. « Mtrme, VM. , 


electron does nut dfadatagiato apo ntan a onal y nadiv the 
Infinenoa of the alecirto and BMgaatle fWtaa dan to Ua 
charge onlaga there conwa into play, la order to «aln- 
tain aqnlUbrinm, other forces from witiumt aaalogoub 
to preoBorp Wa an led thua to introdnoa aotne thlug 
fnrthw than pore elaotromagnetlgai at a htala of our 
new mechanlcp We art loot oa tor as ever from eon- 
probeadlng the prInKWdlal Coreas naderlyiag la a Har 
u. Tsa rawoma or BXLATmrr. 

Uirenta baa abown that the etoctromagnetle theory 
faralahaa an oaptonatlon at the ntgativ# ceagUa of the 
espertmsnts whidi were expeotod to daaoonaliptp althar 
by elaettlcal or optical awaiu, the movemmit tnna- 
lallon of iha earth ndatlve to the aappoaad atatlMiary 
ether. Tlwae eaperimenta ooald doteet only the affOeto 
of the firat order with reference to p (qaoUeiit ot the 
velocity of tranolatloa of the earth, v, rdatlva to the 
vdooHy of Ugbt, V), wbUe theory ihowa that tiw effoefe 
ihoold be of the order of ^ or omaller. Thla thoory 
then received a rode ihoek from the odebrated esperl- 
mant of Mtelielaoa (1891) tdallve to the latertoreace 
ot two raya pcopagatad at right anglea to each other 
and which ahonld show the tme ot the eeooid older 
ot p. The negative ranilt waa IrreeauclUble with the 
theory, the eOeot obawvad betas leM than ons one- 
hundredth ot that calcalated." Wo mnto thetetore 
modify the thoaiy. 

The modification ueceoMry waa auDonneed almoat at 
the oame tlma by Ta>rQntg and by Fltagerald. It con- 
atoted in anpposlus that a moving solid body aaffen a 
contraction In the dlreotloa of Ua motion eqnal to Jf/2. 
Thla la tha celebrated hypotheala known as the “eon- 
Uactlon ot Lorsnta" It oeema very atraage at llrit 
sight and Inotigitail tha experfansnla by I^wd Uaylolgh," 
and by Braep**, who tried to find evidence ot this con¬ 
traction in the double rctraetlou which it ohould pro- 
ducp Thalr reonlta were negative. In order to aij^n 
tbeae oonoeqnencea and place the throry tn a more sal- 
iafaetory farm, T/ursnta was lad to a hypotbeolB which 
contained the germ of the theory ot relativity." He 
ohowed that tha electromagnatic oquattomi for bodlca la 
motUni could he pnt Id the mme form os for bodlaa at 
rent by nwana of what la callod the "triDaformatioo ut 
Ixiroutp” This permits Iha axpieaaluu ot tha co^irdl- 
nates a, V, 3, and the time t fur a oyatem la motlun aa 
a function of the co-oriUnateB and 1. for the 

ayatem at rest, tbns esUbllahlng a oorreapondeoce be¬ 
tween the electric and magnetic fielda of the two syo- 
team. Thla gronp ot tranaformatiMia contains, as a 
particular caip the hypotbeeU at contraction, which In 
found to be uf the magnltnde (i-|f)''*, In agreement 
Blmuet to terms ot the fourth order with tha oiagnl- 
tude urlglnally admitted. It farther cxplalaa the aega- 

• tlve reaulta'af Htcbslaon, BayMgb, aad Bracp Through 
' It we niMleralaud the negative reeulta of Troutun bthI 

Noble In tbeir electroetatlc experiment wlilcli was ex- 
peeled to indicate thu teraa of pF." 

The pxperimenbi explained by the tranaformatloa of 
lairpiili go only to the terma la /f. We do not know 
uiiy nt present which go ferther, but it Is rmtiml to 
I aniipune that even taking Into accuunt terma of higher 
orders, wa will never be able to ipt evidence of the mo¬ 
tion ot tramdatlon of the eerth with refe r ence to the 
ether. In other woedp we can probaHy detect only the 
relative motiona of tvra material aystoma with refettnee 
to. Mcb other and not thrir obaolnte mpiVMnant with 
; refineuca to a snpfKatd a ta t lon a t y ether. Wa noval 
hypotheala waa aanouneed In its mart fienonl form for 
the firat time fay IMnstaln,'' who aaatd It the prtnolple 
ot rcAaUvlty. Starting w{fh tb)a ataipla prineUdp Ba- 

• areln nwdUed lilgUly tha tnUmfermaltan of iMwtp 
Hvl^. to It a phyohnl bails of very gtMt gowaallty 
and gnlberliig sU the co n rii ial oi ia ranUUag frOBi It Tnlo 
A gronp of perfectly omiifefent foriMUiP 

We wlU net ofete hen aU the bfanferi aaA phaaao- 
Pb)«l eoaaaqiMaeM of tUati^.ftl^ Wa 
•wU BOte only tbaaboolatt Sl^^aariime«1v.tNttw» 

fendamental p^lataa ot thla thaoiyi First, (he-«tlter 
Is taamovable auA pshofe it aa matfer |MrlBst)yt aMbad, 

tiw vslodw df^lsiibla ah Bbioiata l«*arW anfi mp- 
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NHDta a avartor Holt wbleh bo other raledtr can 
eiiweil, (whatiiar for natter Is jaotloa or the propaia- 
U«a.ef «araa). tin theory haa baea farther tfereiopea 
tVlad^Uy bjr Oennain) hy BRsataln (1B0S-1B12), Min- 
kowtf (ISOh-lSOH), PlBW!k (1007-1906), Boro (1006), 
SpuertOM (1010), Um (1911), etc. The radou 
polsta of view irhl^ tbeae tdiyaielata bare adopted are 
too fjpowrpnB to be glTen here Is detail; soon have 
tried to pot the tranafonoatlona of LotonU Into mom 
Beametileal and eonpndnoalm form (Iflokovrikl); 
othen have deduced the kinetic conaeaneacee of the 
prtiuliriM, either for a movliig point (compaeltlon of 
relaeltka accordlog to Hommerteld) or for a eolld body 
Ui rotattou (Bom, lanMk etc:). IMUraltlea and conpll- 
catkWM quickly arlae aa aoou ua the motion of uniform 
(ranalation ortgbially onppoaed Is departed from and 
thwndllB ml tlea have not yet been overcome. The total 
nheenoa of any experimental bOB|s or coaflrmatinn of 
thaoe later developmenta detera ua from further (Mania- 
aton. We will atop a moment only on imw of the moot 
paradoxical couaaiueueea of the principle of relativity 
which will bring out Ihu dlAvultlea which tho theory 
iwounten and rebut tbo abeolutlam of the prlnclplea 
which it uaea aa boaea of the phyolcal adenceo. At 
the atart Blnatetn" ahowed that If the eDersy of a aya- 
tem Increaaes by the amount N, <Ao pHnHpIc of rtla- 
IwUv regntrei that Ut matt tnereaae* 
bp H/Y*. Only on thla condlUon can 
the cnnaervation of tho movement of tl 
Ity aa wtdl aa the new oyatem of meclianlca be main¬ 
tained. Accordingly, mam and eneray are not really 
diotlnct; the principle of the roiiaervatlon of mam la 
Inaeparable from tlie principle of conaervatlon of 
energy. Thla reanit, however atmiige, ia neverthotciw 
cnuidatent in Itoelf. 

Einateln himaelf, baaing bla deducUona on thla con- 
aeqneiMm, tried to bring back to the pritxHple of rela¬ 
tivity the abeolute value which had been attributed to 
It alttre IQOB.* He haa tried to Include In the cledni- 
nwgnotlc ayntheala of the iintverae the phenomenon of 
gravity, hltherln an rebelllniw aicaluat all our effort! at 
cxpiaiiatlou. He noted that a uniform gravftatloDal 
Held of conataut acceleration, 7, la equivalent to a 
medium free fniro gravitation In which tiie reference 
uxea ate auttpoied acting with a uniform acmieritlon 
—7. Next we muat genonllie the principle of relatlv- 
lly and pnm from tho caae cunaldered until now of a 
nnlfiirm velocity of trunalutlou to that of a nnlfonn 
acceleratiun. In the curlier caee we were led to at¬ 
tribute to energy a mnee oi •- ff/P*; now. If we wiah to 


caae, radiant energy, light, moot have weight; a beam 
of light mnot then be deviated by the maaacu cloae to 
which it may poao. lUnaleln’a ailcubillou ahowed, for 
example, that the angular distance between a star and 
the center of the auu muat be decreased by nbont one 


There In no need of calling atlenlliiii to the ntranRe- ciht 
Item of these concluaioua. Tho Important thing from a tn tl 
idtlluHupblcal point of view la that we are olillgcd tn noiii 
give np the abeolute Invariablllly of the vcluclfy of h 
light, V, conaldcred at the start aa an uaaHaallabli> c<>nl 
axiim. Thta InvariablUty la only true In a ayetcni n<‘ll( 
where the gravitational potential < muelne conataut. each 
hPr variable potentials the velocity of light niiiat vary takli 
according to the formula, V ^, V. (1 - 1 - ♦/V*). «o It la "cHi 
only in the case of uniform motion of traiiHlutlon that I*"'" 
tbe tratiafiuTnatlou of Tmronts repreaenia the pbenomctui chfl 
of a ayatem in movement. In the mure general enao the ladci 
gioup of Iranefurmatlona la more cumpllcntcd ntiil aa "I' » 
yet undetermined; the cquatlune to be anhatltntcd for *1'"“ 
those of tho claaalc elcrlromagnctlam are nlmi tiinliHcr- for” 
mined. niHcl 


Ilimtloiia, tbnae of Mnxwtdl-laii 
clia-lty of light. It remaliiH e 
rwrg) without our (tncHtloiilni 
) tlie logfml coiicIualoiiB airch 
iiiiiicu wliiilly the hyiHitlicala nl 
• H theory very ■■Inae to the u 
inlliig to him, we need nut H|a 
i‘llc UeldH, lint only of clecli 


ut great volocitlea will remain 
will vary. We lima urrlve Hi 
inIcH. .\galiiNt tbeae new conceii 


•qieiied anew concorutiig the fonndatlouH proiHiaed by 
Kliialein we will not la* Muriiriacd lo diul that Hnx 
Alirahani, adopting thla new roneepttan of miiaa and 
weight, haa developed a new theory of gravltallmi, dlf- 
fereiit In many respecta from lliat of Elnaleln. Abrn- 
liain* renouncea tbe Kenentllaatlou of tlie principle of 
relativity In the caae of acvelenitlon. Then cnnalderlng 
that oa a whole tbe prlnvl|ih> of relallvlty liiia fulled, lii' 
kcHiis tho laimnta tranaformntlon only fur very amall 
chnngca In the variablea. Oonalik>rable dlaeumlmi Iihh 
I siHHcd lietween him and Bitmteln, but we will not fn|. 
low the detalU." 

.Admitting that them thtairlea wilt have a laailng ef- 
feet upon ocleuce, In the future new experlnienla will 
lie required and a mute imwerful llieoretical effort lliun 
that of the pnat. We will closu our eximeltlon of tliU 


lUTunllilg lo him, u dmatlc revlaloii of the hyimtlieaea 
rdiillve to IL Fur example, Ita iiImoIuIo Imnioblllty. 
lierfeet iK-rmealilllty, homugenlly. laolropy, and llio In- 
iiirlHlilIlly of the velocity of light Tboae npholdlng the 
lirliiclplc of relativity have themaelvea eoiiimeni'ed to 
iitlmic the last lamliilale, na we have Jnat aeen. Now 
It will h«> tlie turn of the other pruperilea. We may 
come, IliriMigti tlie liH-reaHlng aimtencaH of onr powera of 
iniulyHla, to adinll, to a eloaer degree of apiiroxlmaliuii, 
thill the ether, ut haial allghlly, In Nlmllar to ordinary 
innIter, Hint It imiy priqingute a dlaliirhauce wllb a 
vcliN-lly greater tinin lluit of light, that It iliaai not re- 
niiilii iN*rfHily Hliilloniiry when matter traveraea It, elc. 
New exiN-rlnienlM niuat he added to the purely electro- 
optlp onin of MIchelaon, naylclgb, Brace, and Troughton 
iN-fore we will be able to build theae Ibeories. 

(To br coalinaed.) 


PImimI for C(Ntl Antljrria 

DanAm.T apeakmg, ooal Is analysed rad tested for 
pnuitinal punmaea In two ways. In ono ease tlie elemen¬ 
tary eonatitutenta of the ooal—eafbon, hydrogen, 
oxygen, and niteogen—ore determined aciwraUily by 
ultimate onolyala, in addition to inolaturo and oah; the 
data obtained ore useful for ealoulatiog the total heat 
content or oalorifle value of the ooal. Allernative'y 
tho volatUe matter ia separated by dlslillatiim from 
the fixed eorbon; the ratio of tho two, dns'gnated the 
fuel intio, in a certain measure Indleatea how much 
of the ooal will be available oa coke and how munh in 
volatile and oondemable produota. Neither of the two 
methods gives any elue os to the real eonatltuenU of the 
ooal, which is more or Leas a complex of hydro-eorhona. 
But ae it ia quite nmleratood that coot ohangva In the 
ooniae of time, and that the period during which a cool 
may be stored without serious loss, Ita apontannuiu eom- 
buatlon, mnoke formation, and the behavior of cool In 
geaend dapends upon the nature of the original eonoti- 
tuenta, ob^ metheda have hasn tried. These latter 
SHthbds in stin In the reeeurnh stage. The general 
idea U the teeasreh ia to leperate, the different eon- 
adtuentuaofuraapearibleby thenauaf nlventa. Already 
at the tinui of the first Umdon BfiUbitlon of 1851, 
amyths tried beaxlne, nhlornfonn. alcohol, ueetone, 
ethyl other, and petroleum ether, for tUs purpoae on a 
Ugntle fiwn tho ttUne; Remaok, In 1885, uaad alkuUne 
Kdvwtu, B. B. Baker, in lOOl, and A. Wahl, and 
Mvunl othara after Um aiipiied pyridht with better 
mailt* UihB prsviouly ebtalued. A. H. Clark and R. 
V. Wh**lar> found that pyiidln roogUSr aeparaied the 
asal Uto on uxbrat eantolalng malaly the naiaoiH 
laheiBhem-i. e., the degradaUnn pgadueti of tbe reaina 


above that temperature '’hydrogen-yielding" comiMiunilH 
(mainly hydrogen anil oxides of carbon). Thus the cx- 
liaction with pyridtn and chloroform effwted somewhat 
the same separation of the ivial conatituenU as the 
destructive diatillatlon, and raial would appear to con- 
aiat of two typro of constltuenta, iliffcHiig aa to the eaxe 
of their denompoaition. 

Other oiKoaic solvents worn tried In 1912 by Fn»«<r 
and Hoffmu (Technical I’aper 5 of tlin United States 
Botnu of Mines). They found phenol hi he a auilnhle 
solvent, and phenol in particular baa hern experinicnteil 
with by 8. W. Vorr and H. K. Hadley in the Rngineering 
Experiment Htation of tho llnivenity of illinoia (Mee 
Bt^tin 70 of that otation). 1*017 and lloilley have 
studied a groat mray organic aolvonta aa to their ■•ITer- 
tiveneaa as aolvonta for eool. In tho flnl rank they 
put phenol [C| OII, ohemically the alnilail of bemrine; 
it has tho charaoter of an ooid, and ia commonly atyleil 
oocbolio said). Tha several oiveifis, anilinu and inothyl 
oniUiie, otherwioe ellleieat, deoompoaed during the ox- 
teaetion. Pyridin aome next In order, but it appeared 
to Introdune aome nitrogen into the extract, a foot already 
notieed by others; acetone, benxine, oaibon disulphide, 
and torpratlne gave only small amounts of extract. 
When the extiaetion in the hot by means of pheDol 
was euntinued too long, above 20 hoon, a tittle phenol 
or aorue deoompoailioa produot of it remained. 

Fifteen dlfferrat eoala, mimtiy from various mines 
in tha State of IlUnoia, have linen treated with phenol, 
generally in anfeplaa of Uwut 5 giammea, ranging in oah 
eratent from 3 lo 13A per oent. In Ul caan the axtraet 
and the residue together niproximately made up 100 
per eent, again ohowing that tbe eontinued extrnotion 
did not lead to any looi or gain of auhatonoe. The pro- 


MN-iiutl III In> l■llellllcllll> IniiiiiiI. In thin reapi'et I*nrr 
and Hadley differ TniiiL Clark and WhiN'Ier, who aNaunaed 
that the nxygi-n fonnwl more or leas loose additional 
coiiiplexcH, not of ilelliiite conipoaitiuna, with tlm eon- 
aUtuenta of tlie eoal. Tlie coking properly of the extract 
WON deeidiNlly ini|iaired hy the ahriondion of oxygen. 

Thew ore the cliii'f n<Kiilta. We will give u few por- 
ticularH Ilf the ex|H'riiiienta, wliieli api.i-ar to linvii been 
iBiniliirled with care and fiiretiuiught. Owing to tlie 
imiHirtanee of avoiding oxiilation, tlie eontinuouH ex- 
troeliiin. Hi lit) deg. Cent., wan generally eff(H-ted in an 
atmuapliere of carlHiii dioxide At liiglier leiii|ieratiirea. 
mnn< exlracl and leas reaiiliie won (ilitaiiuxl Hum at 111) 
dig. Cent. In order to fnx- the pnaluet from tlie sol¬ 
vent, phenol. dHtillation won eorrii'd on at mliieed 
pressure. The (sailed extruet aoftemsl when heati-d 
above 3U) degrees, without at first iMsximing sticky; nt 
higher temixTaliire It swelled to three or four limes its 
volume, gave off volatile matter, and left a very friable, 
shiny muss; not hi>at«I hIkivc STiH il(>gre(>s, it tieeome 
britthi again on isNibng. The heatisl n'sldiie also yjeldi-d 
volatile matter, and a very iXMir, iions-uking kind of 
noke. When the extmel and the n-sidiie were mixed 
again in the original pniixirlions, h pni|ier coke nnild 
be obtained. A grout iiumy inking (destnietive dis- 
lillation) PxiHTiiiu’iits were nmde, and llie phiitsigruphs 
of tho priMliieta are interesting. Hoth the n>si(lue and 
the oxtrnel were h.vgniseopie, the residue iiortieularly. 
The ultimate onalyses of the original ooal, tho extract, 
and the residue differed little os to the pniportiuus of 
the main elements, while the pyridin cxlraets seem to 
be less rich in oxygen than the coal itself. Slow or rapid 
oxidation, at ordinary or higher temperature, decreoacd 
the solubility of the eoal in phenol; tlie resiilue could lie 


: oh^ guat* hi fha plMite iddoll had bUen tnarfmMd portlona of extroet lo residue voriod greatly In different expowsl bi lIVi deg. ('em. witlnnit olp-ring it mitieeahly, 

ktM foal, and ia lawt ab lp M4daa raitidalIhc of tha aasea, a ligalte from Wyoming yielding only U.e gramme luswise the mking property depends mainly on the ex- 

a il* I Hill lUialBDlt rif (ati Wli i i V mi: hy finHwr tn e Hn g af aztnel, a Pneafaontaa eoal from Weatern Virginia tract. The iliwtructivc disiillalKm of Hie Hmw sub- 

.tiw IwMb fittaiM ditik rddONlhtm thsy oibtaiaBd on only OBO gramiae; the avenge weight of extract wia atamissi -cool, extract, nwlduo -gave hw etliyleno and 

Mdnjiti'kfaUiit oatMy iMinmu ^ ehmeter. Thagr abOTtlAgnaaiae, the nrt being insoluble rceidue. The ethane and similar coinianmds, hnl moro earixm dioxide 

itoa atowifd.thoft. dMIUtioa of eoal oalnet hod in raoet eoeea a tuAeienUy definite melting- and carbon monoxidH when the materials ]uul previously 

A'n{|!i'''haloy dig. CJml., ditaffy ‘*panfl»yWd)i^' prdnl and dseomposition temperature, and leeined to been oxidised than when not. Thla Is the reason why 
, jfilWftWK friBp W Mdeaa apwlkwiatl, tad be the vital oimititBBnt etaewiwd In the ookii*|. Both Parr and Hadley oaiumo that the oxygen enten into 

sslsN. th*'egtnet and ttanaMae, espeeiafiy the latter, oe wen ohemieal eombiaation with Iwth neidue and extract, 
' aaftaeaalitailf.Taadflyabeofiied oxygen, and the oxygen and la not merely abaurbed or odsnrhod. 
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European Aeronautical Laboratories—11* 

Their Orjjanization. Equipment, and Method of Investigation 
By A. P. ZaJim, Ph.D. 

(^included from HciENTxric Aubrican Buppubiiknt No. 205f>, Pago 330, May 22, 1015 


FKKM'II AEROBAUTICAL LABORATORIKA. 

The LahoralMTe AermLynamtqM KifffX ouimiHU nf a 
Hiiiglo biiililiiiK nfflutM, a wind tunnnl and variuui 
ajipnilniiaiieoti, Hihih l.iing no worlmhoiw in th«i ratab- 
liKbininil. Th« wind-luimol nium mnaMumi, In round 
luimUirB, 40 by 1(10 foet, by 30 fxut liigh; tbo thnw nlHiw 
riMiitw and gaidou cover about halt aa much additional 
Rjiace. Two wind-tunneli, a largo and a amall one, placod 
Hiile by eido, owupy tho oontor of the mom. They are 
placod Wiill abovu tho Honr, to ailniit of a more nearly 
Hymmelrloal flow of air. (^luiildiitable furniture nhnlvc, 
drawen, etc.—arc placod about the walk; butthelimly of 
the room k kept wmiewlmt frrni of olMtniotion* Ui Micuni 
a loee dklurhoil ciroubiluin. 

Kaoli tunnel comprinoii ihrou nuiin iMirte: the nhorl 
boll-mouth Intake, the niiMlol cluunbrr, tlm long ImiII- 


Tha air aeUeUy in Btflal'i tunnel aenmi to be aatiafao- 
tory whilo umxI for enghunring itudlei rather than for 
exact nMuarubua in phyaloii. The vekwity at all pointa 
of a oruaaeeotloa la uniftirm In magnitude to within two 
|i«r cent, and varioa but little in dlreotion A flne ellk 
Ihroad, however, miKimd In tho current, playa a trifle to 
and fro in both the horiaontal and the vertieal direolion. 
The current velodty alao fluetuatea in time, aay 1 to 2 
por oent. 

Thia vclooity ia detenninod, aa in the Engllah and irther 
lahoraUirioa, fruin tho proeaure diSeranaa between tho 
vacuum chamber and tto large room enoloaliig the tun¬ 
nel. This preHauro difference la measoied with a Shuttle 
manonuter, or inellned tube oontalnlng aloohol and 
provided with a graduated eoale. In ordinary praotioe 
tho end of tlifl aluohol oolumn plays aevoral por cent 


prtttun over the aurfaee of nodela has long been used 
by otheri, and in ptindple la like that emidoyed in the 
EnglUh labontory, and hitherto daseribad in thli report. 
The Instnimenl tor finding direotly tiie line of the nr- 
sultant air force, or “oenter of preawre,” mi a model 
suifaoe is alao an old oontrivanoe, and need not be ex* 
plained here. It ia fuUy deaerlbed in BWM’t book.' 

Tha /lutituia AarolaeAni^iM da VUniatralU da Parti ia 
deaerlbed in lufflelent detaU aa to its material plant and 
operation in its proapeelna, and in the followliig artlde 
pnblUhBd in tho Baginaaring Magaaina for Oetober, 1911: 

“The area of the site oooupied la about 18 aoras. The 
bulldinge oomprise a oentral hall, eurrounded on three 
eidee by workihopi, atotea, laburatoilaa, and a powM 
bouae. In tile oentral haO will ha initalled experliMtal 
apparatus devoted to the study of aerial phenomenal 



Plan of the Klffel aerodynamic laboratory. 

The Isiv sail '‘"'"ll wl'Kl luiiucls an- hIiuwc side liy nlilc Their diameter at tha .xperl- 
meet risim arc U aud 1 meter, rmiivcUvely. 


Tkc 


Prandira snspenaloB for Measuring hand realatance. 
bkmM Is ■uapuded by Der aim aiut tbe tciukin ol tba moorlDg 
mcasurnl l>y slldlna vcigbis In adjolnlnf roMB. 


mouth exit. The air from the room traverses tlio intako 
through boncy-oumlis plnmjtl at either end of the boU- 
liko form; then pasaue at ite maximuia spued in uniform 
railillninr current aoross thu nvslul chamber; then flows 
In gently oxiwuling stream and with diminishing speed 
onwanl to tbe laigor end of the exit, where it encounters 
tho fan which drives it with replenished oneigy into the 
open nnim The model chamber is thus seen to be an 
enlargement of the tunnel pniiKir, spacioua enough to 
aenummodato observers, and so scalcsl from the surround¬ 
ing room as to havu the same banimelrio pressure aa the 
inflowing eurrent at its uairvwwt suction. 

This typo of tunnel, adopted hy Kiffel after mature 
exiHsricnce, baa been patented by him aa luving foaturea 
of ruusidenible value. Ho pnies particularly tbe vacuum 
ciiamber for tbe oltservon, and fur tbe (mur flow of air 
alioiit thu modnla, uninfluenced by constraining walk. 
Ue also prinw the expanding exit, or "diffusor,” fur 
slowing the air as it approaches the fan and exhausts 
Into the room, thus lealizing great eoonomy of power In 
mamlalning tho airouIatUin. It k doubtful, however, 
whether any of the main features of Eiffel's tunnel are 
patentable in America. The boll-mouth ontnuioe and 
exit have been known bore many years. The vacuum 
chamber was employed by Mr. Mattullalh and myself 
in our wind-tunnel construeted in 1901; was dkcloaed 
to many otbem then; and shortly thenafter was described 
in publin printa. 

Tbo true function of the "diffusor," or expanding exit, 
seenis to bo to prevent turbulence, and thui to promote 
iHKinoiny of flow, rather than to Increase the preMOre of 
thu slnsim before It reaohea the fan, aa taught by KiffeL 
III other words, the eoonomy of ciroulation can be aohiev- 
od by placing the eorew at a narrower part of tbe exit 
COOP, if ilin pltoh of the blades be properly adapted to 
the Btnmiii at that aeotion. But Eiffel’s prannt arrange¬ 
ment presents struotiirtl advantages. 

Thu circulation in the large tunnel Is m a in tai n ed by a 
nab-au wTcw suction ventilator with heUooldal blades. 
The screw k driven by a .V>-harae-power eleotrie muter, 
which is found sufBcumt to maintain a constant flow at 
nay desired sptstd up to 32 meum per second, or saj np 
to 70 miles per hour. This is a notable remit, ainm tha 
air stream at Its swiftest section maasores two metan in 

dlamater. _ 

a latthMplaa Ml a iH i ii a ou a OeMaatloiia. vd. OX. We. S. 


above and below a moan reading, but nan easily he 
loaiated on the eoale to within 4 per cent by a capable 
observer. This means that tha velocity oan lio deter* 
mined truly to within 2 per oent. 

For oonvonisnoe, in the detonnination of the wind 
elTect on the various kinds of modris, Eiffel places his 
measuring Instruments on a platform, or bridge, spanning 
the vacuum room, and supported on elthCT side by wheels 
resting on iron mik senur^ to tho walla, so as to be moved 
aside when desired. Hometimes also the models are 
supported on a (ramo whioh oan be wheeled along the 
floor. Thus apparatus oan be adjusted outside the tun¬ 
nel, <{uiakly run Into pUoe, and again removed without 
dkmantting. This ia a unique edvantage Biffel’a 
arrangement The main apparatus so employed are tbe 
aerodynamio baUoooa, the propeller tester, and the in¬ 
struments napeetively for flnding the distribution of 
pr es s ure and tha magnitude and Una of eotion of tha total 
wind foree. 

Of the two hdianest the simple bril-eraiik one for tho 
prooke measurement of tmaller forcoa has been suffloi- 
entiy explained as to principle in deecribing the English 
latxmtory. The Urge aerodynamio balance. Invented 
by Eiffel hinsirir for dotermining tbe lift and drift of the 
whole wind foroa, and ite line of aotioo, is daborate in 
theory, atruetuie, and piatieal operation, and Is well 
explrined in Eiffri's book, "Tha Reabtanee of the Air 
and Aviatiem.” It b not sensilive enough for msMuring 
the smaller forooa on inclined planes and on amall models. 

Tha proptOar iasiar la elegantly simple in dorign and 
operation. A vartical deotiic motor, mounted on tbe 
bridge above the tiumsl, and having Its shaft extsoded 
down thiungfa a wind shirid to the eentsr of the air Btrsam, 
there engages, throng bevel gearing, with the horl- 
aontal shaft of the modal iwopeilsr. The ihaftlng of the 
armatnre and the propeUsr an eneaasd In a ehaathiiv 
which alio OMitaina tha bearing!, and transmito the 
propellar thrust and torque to the beae cf tbe motor. 
The motor. In turn, h ao mounted on pi voto and hydruHe 
gaugsa as to mecaoie the timst and torque without 
material diapUoement. At the Mune time the motor 
speed la indieatad by a taehometer atteriied to the uppsr 
sod of the annatue shaft. The watfmsUr metb^ 
Urwavar, hae leteljr lepfatesd the direst method of maesiir- 
IngpropalUrtacqae. 

Tha mppaaatna far aaaamriag lha HgtrikaUaia ^ air 


wliinh will inolnde a Urge fan, 0 feet 6 inohea in diameter, 
and an anrudymunlc balance, whereby tha pteasuie of a 
jot of air on surfaces of various ibapes will be determined. 
There will also be aa air nhamimr supplied by .mnw 
fan wberoia it will bo poaaible to maasure the strength, 
the oontw of premure, tbo oomponents, and the resultant 
of the reaction of a current of air at any speed up to flS 
feet per aooond. A tunnri rimllar to that used by Colonel 
Beo^ will alio bo oreeted for studying the stability 
of modek. An arrangement for measuriiw the Motion 
of air on snifaoee of various naturea whan the air U mov¬ 
ing at all velocities, an rieotrio dynamometer for measur¬ 
ing the torque of propellers flxed in position, apparatus 
for studying helioopter aorewi, and a teat bonoh for tiiaU 


ohamberktobesrsoted, wharein tbs reaistaaee of haliiMl 
aorews at speeds tar in exoeas of those normally arranged 
for, and almost at the rupturing speed, will be inveiti- 
gated. 

“In the ehemical laboratoiy tha stndy of U|^t gaam, 
suitable for balloon work, will be oatiied on, and questkms 
reUting to their mennftotuie, porifleation, properties, 
eta., win be investigated. The diemiaal featurea of 
various envelope materials, the ohangea wfaloh oeour 
In them under tha influenoe of heat, light, and humidity, 
tha properties and features of the various vamUiM 
applied to render the material airtight and to preserve 
it, and rimOar lubjeota will alao be itudied. ’ In the 
phyaieal laboratory tha Imtrumenta used in aamiautleal 
work, the aeoarasy of their liidlcatiaoi, their nUebUty 
and the modlAeatioiie whidi ate edled fw in their darign 
to meet aennautiskl eondltiona, wiU be inveitignled, 
while the damitiM and eoaffkifanta of expanaiMi of Hght 
■BSM, and the bed maaos of storing and tnnqMrtii« 


"A idtotograpbar’s dapsrtmeat has besn provided next 
to the phyrioal htbontHy. In tha worfcriiopa It wffl be 
poaribla to mamifaotiin and repair sU the ezpariinaiital 
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•pidUnoM required by the' liwUtution. A iiart of mid 
wfiif fai w urvu d for tlie inKtalUtion of maohinea doogned 
■peeUly to test the materlaie employed in the eonatruo- 
tlcm of •Iranft. In the power houM, mtunted at the went 
end of the buUditig, are two vertical ootnpaund iteazn 
enchiea coupled dinotly to dynamoa aupplying powiw and 
light to the entire imtitute. 

“One el the moat faitereeting featiirea of the inatitnle 
la the provUon made for oertahi largoeeate oxporimenta 
with planea and iwopnllera. To thia end a long, narrow 
atrip of gTOond ia laid out with a normal gauge railway 
about aoTen eightha of a mile in length. The raila are 
laid on oah aleepera, and are bonded in paini by the 
alnmlnothermio prooeaa. The line ia level over ita entire 
length, with the eweption of an inoline at each end. At 
the atartlng point the line for a length of about 23C feet 
ia given a elope of 1 to 100 to faeOitate the atarting of the 
vehlelea. At the tocminua a alopa of half thia amount, 
but extending over about 400 feet, ia provided to facilitate 


number of rovolutiuiia of the whocla in a givon lime, from 
which the apeed will be deduced. In addition there will 
bo a dlrecl apeed recorder reglatoriiig the value of dt/di 
at oaoh inatant of tho travel. A reoording watt meter 
will regiater the power furniahed to tho motor either on a 
timo or a diatance haak. Ono or more reoording dyna- 
moraotera will alao be earrled whereby the particular 
data being determined will be meaaurud. Thu efllcioncy 


Ilf the wliiilii plant at all apiajda, Ihu fracUuiial nvintanee 
of the driving and recording gear, tho raaiatancu to 
ruUiiig Ilf ihu rarriagu and tho air roaiatanno of ita ole- 
monta, will all be determined onco for all, ao that the 
power actually abaorbed by the aiirfacea or icrewa under 
loat may ho readily determinable.” 

FuU’tcale meaturtmenlt .—We aaw a fuUeoale Bldiiot 
monoplane mounted on one of the eluetrio earriages in 
aiinh manner that ita lift, drift and niiimcnt, or oenter of 
premiirn, niuld lie ilctannlned at imo time, aa it apeiida 
aenwa the Held. The apoed through the air ia moaaurod 
by meana of a proaHure-tubo anemometer whoao preaanra 
coUiictur ia a Venturi tube, and haa to be oalibrated, ainoe 
ita readinga are larger than thoae of a atandard inatrument 
aueh aa uaed by Eiffel, Prnndtl and otbera. The relative 
impiirtanoo of auch large scale experiments aa compared 
with model testa, or full aoale flighta with Inatniments 
mounted nn the aemptanc, haa yet to bo dotorminod. 


the arreat and return of the eairiaga. On each aide of 
the lino and extending along iu full length is laid an 
eleetrieal eonduotor, whereby ouimnt ia fed to the motor 
of theoarriage. The return dranit is made by way of the 
raila. For the leat 300 feet or so of the traok an addl* 
thmal pair of rails ia laid down alongaida the running 
nila On these edditkmel raila, alippen eenled by the 
vahlds beer so that over iUa dlatanoe, or at least e portion 
of it, the oairlaga ikataa Initaad of rolUng. TUa faoiU> 
talaa stopping, and in addition furnlahea a safety device 

“It if intended ultimately to have four eleotrio oai^ 
tiigei to work on the line dentibod above. One has 
already bean oomtneted, and has been used fw a number 
of especiments. The emidoyment of four oarriogee haa 
been adopted in view of the feet that oaoh aeries of ex- 
pedmenti requires a dUterunt equipment of too oarrlage 
and dilterent regiaterlng apparatus. If only one were 
need the tj™ lost in dtamantUng and remountiiig it with 
eaoh amiee of experimente would be vary eonaiderable. 
It la Miiiitiil abo that eaeh vehide aho^ he speeially 
dedgned to meat the eondltoma of toe pertioular oleas of 
expedment for which It ia intaadod. Aooording to 
present intentoma toe flrit oarrlage wOl be uaed to measure 
the hcrhontel and vertoml eomponenta and the reaultaot 
of the air pterenre on ■oifaaaa of auatantatlon, whetlier 
plane or enrvad, eimi^ or oomponnd. The determina¬ 
tion of the diraation of the raanltant, the canter of pree- 
sura, iti dlipUoanient when toa an^ of inoldenoa ia 
ehaagad and the‘aagde of attaok* win alio be undarteken 
with thb OHrlega. The aeeond end third vahioloa an 
intanded tor aipednunti on propeOen or tnetori, one 
bdng UMd for toe large aorawi employed for dirigible 
balloons end the other for the mailer eeropiana aorawn 
TU tnetlTe effort, the power abwirbed end the ma- 
ehsjilMi afSolmmy of eaeh type of propellor will be do- 
termhied at all ipenda. A further Important lubjeot 
of itndy with toeae two oardagea wfll be the affect of toe 
tremlatlenal motian on toe pntput and afflideniiy of the 
pnvaltan. A eomparieon wfll be inatitated between the 
effleleney, ate., of a pnpeller whan rotating on a lined 
•da end when moving with the lame speed «f rotation, 
but with vailaui dUfarent apoadi of tianiletion. The 
ftnirth earriage win he ipaeielly equipped for musurlng 
the ndslanM or ‘drift’ of the vadoua parts of a flying 
BUMhlBte 

“The wd^ of the flrit earriaga li abont SK tona. ax- 
ptudliig the motor, and a Httle leae than «tona with toe 
motor. The body of toe oudage b buflt up of steal 
idatM itiffoaed with engto Inmi and meaeuTes 30 feet 
m bagth and 6 faat 6 iwte bftwMn the bngitodinal 
pwaihen of the frame. OUrrant b suppaed to the motor 
f>y mmni of two pdn of lUding oentaeta eaided in the 

ride of tha Inwfc. The movMMnt of the carriage b 
aoia»pM fhw a kMlB»Htort ao^^ 

“il *• MHi«M «m to fonMad «ltk tnropriMi 



PkM ito Q ttu ma rn amtoMM ktont«7> 
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It^of naw iyps, th« riiU-wsah manhtwi maj be teeted more 
Mfely on a oar. The meamirDmcnU of lift hen areuM 
(o be in error about r> per omit; the drift meamrementi are 
mueh lew anourate. 

A rmndkoun, wblrb nioanmt 120 feet in diamotw, 
■helten a whirling table, the extremity of whoee wUtUng 
arm d«aorib« a oiieie 300 feet in oiroamrereooe, and 
(«iriea the modela lubjent to aerodynamis aludy. ThU 
nan be uaod in uiy weather, while the eleetrio road can 
be uaed only at speeial time*, and mnet effeotlvely only 
during fair and oalm wealhur. The whirling table, how¬ 
ever, doea not eeeni to be au popular in the leading aeru- 
teehnioal laboratories as the wlnd-tunnol and large Held 
trauk. It is nut an indispensablo ]«rt of an aenmautinal 
lalM>ratory, except where studios in eiroular motion are 
to be made. 

AnetOary building* have been erooted on thn grounds 
near the miun laboratory, one for the dirnotor immedi¬ 
ately In charge, another for the oaretaher, who is also a 
workman assisting In tlm oxperinwnte. 

Tha reports of the inrcstlgatioiu are piihlished in the 
HuUttin dt CInatUul Aeroleehnigue da t Vniatnili ila Pari*. 
The annual Imues for 1912 and 1913 are In tho Sraith- 
souian library. 

Olbar Prenah ueronautieal lahoralorie*, operating on a 
smaller soale, are worth montioning, though unvisited 
by me for want of time. 

The military establishnuuit at Cbalais-Meiidon, In 
charge of the Rnginoer (hirpe, and under direotion of 
Commandant Uorand, resembles tlie English Royal Air 
Craft Factory, in developing experimental air craft and 
making full soalo lasts; but it dons not manufacture air 
draft on suoh a large sealo, and does not oompete with 
n. mmew del firms in building for the governmont, but 
rallwr itimnlatoe and helps them to do their host work. 

Tbs Consorratolre Natiunsl des Arts ol Metiers, 

. conesponding to our Bureau of Standards, does some 
seronautioal work in calll)rating insirumonts, tasting 
materials and motors, and furniibos a "mouline Renard" 
—a ■tandatdised revolving bar with paddles at either 
end—for attaohment to a motor to doturmino its power 
at various speeds of rotation. 

By tha uae of automoldlei on a smooth road Chauviiun 
has tested setow propellers mounted above the vehielo 
and advancing at natural working speed, and the Due 
do Quiche has measured the lift, drift and pressure dis¬ 
tribution on aerofoils of censiderahU.' sirs<. The aeouraey 
ot tho aotoitwblle method has, huwover, still to bo proved 
salisfontory. The Cliauviere prupoUw expurimeats are 
now mado at Rt ('yr Institut; but thn resoarohes of the 
Duo de Quiche still oontinue, and are roviowod from time 
to time in aomnaiitica] literature Thu earlier reports 
eorapiise two volumes published by Uaebette, Ihu^. 

OSKIISN XanONAOTICAL l,ASO«ATOBIS.S. 

Tkt (iMiinpen atrodgnanueal laboralary, apart fnim llw 
eonatruetional and executive departuionts, is a onn-story 
brink building, in siM alsiut 30 by dO feet, oomiwising a 
wind-tunnel and two nMiins, one for desk work, the other 
for Instrumental olisorraliuna. It stands alone, in a 
remote little meadow on the oiilsldrts of the olty, almut 
in minutes walk from Prof. Prandtl's univoiuity head- 
quartom. It is viry eheaply eonslnict4Nl, li;diled by 
eli'ctrkiity, and heatnl hy a little stove in one offloe. 

Tha irifid-lvanel uonsists of a oonthiuous elosed chan¬ 


nel, two meters square In croea-esetion, ramdag coond 
tha four walls of the main room. Through this tmnel 
the ob is (ereed In a steady aloesd efamdation by a mb«w 
ventilator two meteri in dlsmeter, htft driTao bnni a 
30 hone-power eleetrio motor plaoed in a Uttle off room. 
Aa tha blast from the btowsr is too hst along the tmoMl 
waOa, It is aeeelerated at theoMitv of the stream by uae 
ot sheet mnUl fixtures plaeed in It near tb* soew. wliloh 
also help to eUminate whirft. The air stream next pwas 
through a boneyoomb (Fig. 1), mads of 400 equal sheet 
metal eeUs, eaflh about 4 inehM square and 30 long, the 
shMt motal beiiig In two thklrnwes, or two-|dy, lo that 
eiUuir odl ean be omatiloted at will by spreading the 
nell wall inwardly. Actually, many of the od walla were 
so oonatrioted. In fast, the honeyeomb looked badly 
distorted as If mueh time had beta spent in adjusting 
the eells so that each should deUnr the nme amoont of 
air, The adjustment onee made tssures, we wse told, 
an air stream uniform in velocity at all points ot a orom- 
seotlon and at all apeeda. One would think that a eon- 
aidcrable change of spued would nqirire a new adjust, 
meet of llie eells to maintain uniformity. Kmeriting 
from the first honeyeomb, the sir pomes thtongh Tortieal 
sheet motel guide blades, each a double sheet and of 
turiilnc blade form, which torn the stream 90 degreee, 
without uddioi; thence throng sbnllar blades giving 
00 degrees more turn ; tbmieo through a mueh finer honey¬ 
comb to remove minor eddies. This last oomh, plaoed 
just Wore the test pert of tiie tunnel whore the modds 
are inaerted, is made of sheet metal strips 10 oentimeters 
wide reaching from floor to eriling of tho tunnel, and held 
in position hy tbulr mutual pnmure, comprising among 
them 90,000 cells. The stream ot air imuing from the 
last honeycomb is ssJd to be onlfonn, and has a speed 
ranging up hi 10 inctera per seeond. 

Tha maaauring inatrumanta employed are numerous; 
hut ss several of them resemble the onm already do- 
serilml, they need not Im noliood. One favorite method 
iisod by Prandtl to meesuro the retistanoe of a model, 
say of tialloon form, is to suspend it In the oumnt by 
fine wires, and hold it against stream by borisontal moor¬ 
ing win< whose tension is measured in the adjoialng 
room by meam of a' buU-cnmk and sliding weight Very 
aecuiate mcasurumenls t^ui be made without the mooring 
wires, if the weight and dU^docement of the model along 
stream be olssirved, aa In my experiments ot 1902. Thin 
method, as cxluiulod by Mr. MattuUatb, has been adopt¬ 
ed at (ifittingun to measure the rnsistanoe of hulls, etc., 
held obliquely hi the current Prandtl’s dlffneatial 
pniMure gauge, nonsisting of inverted cups suspended 
from opposite arms of a balance, and lUpidng into a 
liquid, la like the one devised and used by me early In 
1902, and found ca|>able of measuring dlflorentlal pioi- 
Buros truly to one aiilllunth of on almusphore, or last. 
This gauge was described in the Phyaiad Hatiaa for 
Dooember, 1003, half a decade before Prandtl’s experi- 

The pressure distribution over roodol snrew propellors 
having perforated hollow blades was measured by trani- 
intMiion through a hollow Mhaft hi a pressure gauge. The 
iorewB were made of copper ehs.lriWly depualled on wax 
models, and wore then ompthsl of the wax by heating. 
To show the dlractkin of air lli>w past the blades, sul¬ 
phurated liydrogen was allowed to exude from perfuiv 


tioM tit Ihtir WilMaftti tad tim id Mb Mb. 

sMNt MM tadmA (Hn M ah M my iMMe 
ootwaHndhBy along tha seM bMH. ' 
ns tsHito of M tipMbHali In «w OittiafB lobot*. 
tory have besa pubValmd in Moot Omoa 
and in piwt tnnilatad and npuhtiihod In Jnftowrii^ 
London, for 1011 and 1012. afl of wUafc art e* ilk te 
tha Balthsoniaa Ufanry. ftrtiaiMy Inltttiiif am 
Ptandti’i d ctcrmtn a tkm ot p nn i Bi t dlrtribBtihn tm aoj- 
sb o( htOoon huBs dstigaed la aeqefdaiwa wHh hydit^ 
dynamle theory; also Us uisamriimtnti tha iMtaat 
wind fcne on <^ue hunt and wing fbmi by to nutiwid 
devbed and uatd fay H. fatotbiDath In lOltfi abo to 
ntifaianee of wires and repts, ate. FAndti tmud In 
fair ifaapes a hrga dUheama faetwMB total ittittaoet M 
tba pNMund reafataaea, and asoiibad to dlflmoaa, to 
ildihUation; but tUi he dU not meanra Mafly. 

n* DsutscAi FsrsscksanslaM/dr MVokrt a* AdbrMf 
eonqwia** aut main building ured for oAaai Md fti&- 
toak acsoplaM testing; one used for eonstmatioa; sad 
five small houses naoh euntaining an englna taetiag 
apparatus. In addItioD to this pfawit, it is latondad to 
fly fnllHtaale maoUnts with measuring instnuunta, and 
to mount large appotatos on an atnidjmamls ear puahad 
by a loeomotiTa on a railway. 

The laboratory of to main boildhig h a kiga aquan 
room with a towar in Its eeator 100 feet Ugh, on top of 
which wind o b amv ati ona may be mode, and instda of 
which suspension ceeda run down to sappert aa aato- 
plane just above the floor, to datannlna its moment of 
inertia. In a oomor of tha room an aeroplaat inverted 
and weighted with sand, os in Langley's method, was 
under lost for strese and strain of Its wing framing. la 
another eunter was aa apparatus tor meaaiirlng the foree 
applied to the oontnfls of an aeroplane by lAot in jsaett 
eal iUgbt. This Instrument msy help to deUmtine to 
meet suitable meehanlsm for a standard eontroL 
The ihiip and to engine testing houses eontoln nothing 
that need be reported. The engine torque and thrast 
were measured by ordinary meohanleal methods, and no 
■peolal ^iparatus was used to furnish a stream of oooUng 
air, as in to British laboratory. 

Othar Qsnnaa acronautual labomloriat worth pasting 
mention are: to treting department ot to S^pelln 
Ainbip Cutnpaay; to sHudynsBiie labnrntoty need by 
Prof. Retaancr of to teehnicol high school at Anhsii; 
to laboratory in oharge of Major v. nneval In to high 
Bohool at BeriJn; the experimental plant of Plot. Dr, Fr. 
Ahlborn, at Hamburg. The Zeppelin loberaloiy la not, 
under soy consldemtkm, open to vititon from abroad; 
and as to to others just mentioned, I had time only 
for a brief visit to AUborn’s phoo. Ahlbom’s experi¬ 
ments bare been eonflnod mainly to determinatloos of 
flow about models in a lank of water. The resnlti are 
well portrayed In numerous exoelleat photographs and 
pubUeations. to best ol wbioh are In to SmithsoniMi 
Institution. His apparatus and photographs and thoae 
at to National Fhyikal laboratory in EnMid are, 
for hydromeehanloal studies, the most Instructive that 
have yet eomo to my notice, except perhaps to mote 
nstrieted onre of ilela.8haw. For struom-lina deUne*. 
tion In air, however, the olsssloal apperatur and metbodi 
of Many have net yet boon surpasnd, though mote 
predae instnmmits of this nature are much to be desired. 


To Make Nottingham a Port 

Tiik Ifonchcster Hblp Csniil ucw being a paying ven¬ 
ture, Nottingham Is dMlrous of taking In hand the 
raiiullsatluu of the Trent, with to Idea of eiunlatlng. 
nlU'lt on a snmUcr scale, to excellent example of Cot- 
tuncqwlls. 

The scheme Is already well advanted, and a bill will 
Is- Introdnced Into rarllumciit to secure legislative senc- 
tloii for to Nottingham miiiilcipullly lo expend to 
nevcHiury £109,0110 on the work- already begun In a 
small way by to Trent NnrigntlDii I'ompaiiy. 

Ilip illrcctors of to company, with to limited rc- 
Himrere at their dbtpcoal, hiivc carried out works of 
far-reaching Inportauce beyiuul Newark, ensbllitg boats 
of fnan 100 to 120 tons to be brought tbence from the 
mouth of to river, but once to conflnea ot tot his¬ 
toric boreugh have been reached something In to na¬ 
ture of a deadlock ocenrs, all llu> merchandise consigned 
to Nottlugbom or beyond having, nt neresHsrlly In¬ 
creased emt and sacrifice of time, to be tnnslbrred Into 
smsllor boats of 20 to SO tons caimclty. It Is upon the 
tortuuna and at preoent dlfflciilt streb-h of to Trent be¬ 
tween Nottingham and Newark, a tllstance of about 
twenty mllee, that to corporation contemiilatra an ex¬ 
penditure of £100,000, and althongh, apart from railway 
and othar conMitlng Intercots tnvolred, tore are oppo¬ 
nents of to oohema In Nottingham who prediet that 
It will prove something In to nature ot a white ela. 
pbnnt The ratepn.vcn recently nt a statutory mecUnf 
suiqurted (he pidloy ot to conncll. to antlclpatlan 
bclnf rudorsed Hint with the carrying isll of to cob- 
UaplutBd Improwuenls lu to iiirliatb)ii a satlsfaotary 


volume of tralHv and consequent revenue would bo 
iiniituilly furthcoming. 

.No rormldnble englnevrlug dtfilcultiea stand In to 
way of (iiniiileting tho scheme, which Is destined to 
fism s substantbil link In to chain of Improved inland 
watsr <-ammaul<-atlon which the Koyal Oommlasloo on 
Inland Waterways bss long been tnxloiiH to MtabUsh. 
The Junction with to Trent and Hawley canal marks 
ot present the upper limits of to company's navigation. 
r>own to river there are Junctinas witli to Looghlxw. 
inigb nsvlfattoii, affording mnins of reaching Lrioester 
iind onward through to Oiand JaueUen Oanol to Lou. 
doQ. Northward the compeny’s authority ends at 
iMlDosboroagh, to Humber Coasenrancy Board pomb- 
Ing Jurladlotlon from to mouth ot the river to tot can¬ 
ter of engineering activity. The Newark Ooipontloo, 
hy a genwoos expeodtture npesi to river tor (line and 
s half mllea of Ita length In the nelghborbood of that 
town, lioa already let an encourtglog example to to 
capital or county, to works tore forming a portion ot 
the undertaking leased to to company, vrbo expended 
n large sum upon to constructluD of to naw Oren- 
well lock completed between 1900 end 1011, pawerelng 
a length between gates of UW feet and • widOi of 80 
feet, and being so e uusU w te d tot there would never be 
lew ton 9 feet q Inchse tff water ronnliit threugh it 
At an earlier date to Nowarii Trent lock wna flaapanad 


Uve procesa dredging, which it la aaUmated wUl owt 
fMAMNk and to construction, at on expenditure of 
fTtiaoO, of new lorin at Stoke, Bardolpli, Quntharpe, 
Hsseirord, and Holme Fleriepoint, £10.000 of to total 
outlay tnviflrod being allowed for to work in nlatloD 
to to Newark nether lock. In to two mllea water 
leading from Trent loc^ at Nottingham toward Newark 
luit nndi maoJas to bo done to moot to requIrenenU 
of boaU 100 tons, to major portion of to expendltore 
bring DooeMUated on to atretch ftNutaaa and t haft 
mUoe between Hemelock and Ffagarten, This part ot 
Trent ta very ahallow, and at points axcaedingly rapid, 
to depth of to water avaBoMa tor aavtgaUen at 
ttmas of axosptioul drouglit aeldao etoaelltig 3 tot 
» iDdiee, wUto to vertical tril la to wntef level la no 
lew ton 81 tot, aqulvalaiit to IT tnchea igtleL 
After iMvlng nskarton w> great OBMitifat-od dredging 
rmnolna to be dona. It la prepend to apito'til to new 
hicka of to same ate u tot at ONAwilt, to oltiaet 
bateg to aUow a tug and Ite train at bntt to be paiaad 
at to soma tUna, and thna to gst rid ot to airtoH 
delay aotallad by having to "pan’* aaofa boat awatwteiy. 
As four veasris oonld then be paned at the aama 
tlnre throng a look ot to ate prOpoaed. tUa weidd 
be Molvalant to about 800 tana e< entfor^te fiodiMi 
Oatip rs f agra f A. 


by the company, giving nfllriant breadUi and iMCtfa |l li gow Mated that fay wring A itefl pic *** *i 4p pif 
also to accommodate boote of 100 tow it aU aaaBOte tte to tote oti gw w « fatnte ooal M tkolW 

Tba work wbb-h to Nottingham oorporetton faaa now fltctorily briqwttad, alttmgfa |g |jbM wig- 

In eontempUUon Inoladn n complato ravoliittoB In to M kto at tw MWiM M wfaMilllti itotite (plWto 
river batweeo Trent BrUga M Mewglk by u eMte , eifaqr kM*faMfitiMv ‘ - 



SCIENTIFIC AlffiRICAN SUfnEHENTNaTOM 


The Protection of the Strong 

A Discussion of the Working of Insurance Laws for the Protection of the Poor 


' WimniM of iBHIoftortan ocwidoMlly oiiite over 
tbOirfeArtloc of tbo Qonnu tnowronee lows (or tbe 
ttonort of ^ poor. There ie eepedol dlffereiiae of 
opUilitB 00 to tbo reeolto of the leditatloii recardlof tbe 
liai boiMflt ftind, tbo loltr and tbe medloal profetottm 
tooliiac at the qnoitloii tim two totally dlffereut pointa 
of Tim, Tbo matter la JlmooMa In a recent nnmber 
of tbo aeramn hmmal {Foiaobaa by a Dr. Jena Panlami, 
wins'after potntlnc ont tbe trials of idiyaldana tn con- 
(onitaK to tbe lawa eaucenilnc tbe alck limited poor, 
■oes «Q to a fonetal review of the wboto aabjoct of the 
pieae r TalloB of weabllnaa, to which ao maeb attmttan 
baa been given by the (lerman government during tbo 
last thirty yeaim 

Ttw eMc^mieflt inanrancn laws have a wlde-reurhlng 
IgUpeneo In Germaiiy, (Or wben the depeudonta of tbo 
Insatod are Inclnded ttA per cent of tbe population of 
Um ceoDtry are affected. Dr. Paulaeu'H complaint as 
regards tbia fond la that the working of the lawa have 
enormoualy Increeaod the labors of phyalrtaoa while 
making them dependent on i few government ofllclale; 
that. In abort, the profeiadon haa had a moat tinplcnioint 
dtaUtaeton. In former daya the attending phyalrlun waa 
the free ebolce of tbe patient, who aulected tbe man In 
whinn he bad eonfldenoe; now the fond ate|M In be¬ 
tween tbo two aud aaslgna the pel lent ami attending 
phyidctau tn eaeh nibar. Owing to tbe great iiiimiter of 
people who are olillgeil to call on tbe Inauram-c food In 
lllueaa, thla virtually makee a large pert of the medical 
profesaka dependent fur imoceM In their cniling on the 
good-win of a few admlnhitrataMfigf the fund, hence the 
enmbata betwcon (he two aides. Tb* writer elntma that 
every pbyalHan whn mnfonna to oortaln comlithnui laid 
down by the hind ahouhl have the right tt^oore mml- 
knlly for any imtlent who might deelrc blui, 
euatomary In daya before the fund exlatnl. The 
main grievance ia thnt the fund haa pracUeally made' 
all phyidelana In its employ health ofllreni, who mnat 
spend the greater portion of their time tn flIUng ont 
bhmka and making reports, the reanit being lliat aueb 
Ithyntelaim are compelled to employ necretnrlea to their 
pecuniary detriment For every laiUeut whether a caae 
of aerlona lllneaa, or a mere Irtfla aa chopped akin, 
blanka eontalniug Innumerable gucatlniia muat be flilcd 
out and crrtlAcatea drawn np (or the putleiita contain¬ 
ing all fbrroa of granta, from the right to the InauraiKo 
money or permlaalon to go out walking. The writer 
declares that he himaelf haa had tn fill out over a hun¬ 
dred dlffermt kluda of blanks, and It la mil.v after Uila 
secretarial work la completed that the pliysldnn can 
give hts attcntlnn to the medical cure of the patient 

The patient is alan nutavorably affeetcil lie has to 
run to tbe physician for every trifle, aa it la to hla 
penmlaiy adrantage to get medldnea free, and a med¬ 
ical eertlfleato Is gcm'rally ronnlrcd for ahsonee from 
work. Thna, the iwor are traliml to dependence and 
helploaniem tn petty ailments fbr which formerly they 
would have aonglit remsdlea for a fow immiiiIcm at an 
apotbeeary’a, hioo tbo aense of dishonor In living off the 
pnblie fnnda, and foil often into the demeralUliig hnblt 
of playing ilcfc. To meet all these small deniamis the 
pbyidetan to freiinently expected to bo at bta oIBce in 
the evenlnp and on Nandaya, ao that the patient may 
not lose time from work. Conseqnontly, tbe doctor tans 
wldom time to keep op with the actontlflc advances In 
hto proftsaton, to often obliged, by the Inordinate cero 
Which mnat be given to inidgnlfleant allmenta. to neg¬ 
lect aerlans Ulnesaes. and, wbat to probably the crox of 
the whole matter, to rarely paid for Indlvidoal eanoa, 
but only a anmll lamp sum tor all the palhmta that 
maat cumn wider hto care. 

Tbe main beuellt claimed by toetol retormera from 
thla aystem M that thereby the begInnIngB of lllnesa are 
IfoaMdlately trcatud and aerlons dangen to health are 
cbeekod. Tbo otakcUoua made by physlctom are those 
loot mantlaaod wttli the addition that tbo enormona 
ouiM okpandod by tbe (md are too torgely paid out for 
pettff CMOS whtto l uiumt i tou t Boaiiag to allowed tor 
•rrtouo easta. In tiie oplnlaa of tbe wrltw, luntf re- 
torwg oUowlita aoro.iadveadoiioe of action are re¬ 
gatta^ taawr.than a oonpMa raconotrwtJoa of the 
bOneA (oito Igwm Tbo tftabgis oomaated by tbe med- 
t teA ItaHtoklim Igivo beeft i«)cetod by the anthorlttoo 
Ot(fl\,iM faaiNM ko iM inWi^ by the fliea and 
tito Dr. twAm «bluUen a blunder, tor 
lh|r >v^to itaWitlil edtanot always ba weighed snd 
bo allowed uonil^ 
AoWiilAilk ud MA Mt be torued to woito 

W sMAIIk tai btobhi and Mfleo. U would be well to 
^ tAkVo* ^AkMOnMaow adopted by private 


nllmeuls os formerly and make the inannd thamaelves 
take a certain part of tbe risk. It wonld bo batter U 
tbe iwUent bad to pay o part of the cost of medldnea, 
or even share In the expense of medical oUendance. 
This wonld incTMae hto Interest In and rwgieet tor the 
work of tbe fuud, tor what costa nothing to addom 
appreciated. Ilureover. the sun of well-to-do porents, 
who happeua to hare a small salary, aluiuld not bo en¬ 
titled to Ibo beneflts of (be fund, nor should a young 
fellow rerdve tbe same inaunuce money aa the mlddle- 
aged father of a temtly, because both hapi<ea to draw 
the sama wages. 

fllmltor ditBeultlea have developed lu tbo adralntotra- 
tlon of otlier bnoebes ofaorial Icgtolatlou, aa in acd- 
dent InauraiMo: and attention to called to the increaslus 
burden laid on large dtlea by toe demands for soctol 
improvemeota. 

'Ilie writer then takes np the farther (inestlon whether 
It ia poBslble to attain a healthful condllion of the en¬ 
tire popnlntlon by a development of the insurance laws, 
that la, by oaaiirlng the expense of prompt and suIBclent 
care la caoea of Ill-health, in addlllnii to the pn<seut 
mcesures preventive of the spired of dlseasei Pre¬ 
ventive meaanrea have removed the danger of certain 
contagiona diseases, as the plague, smallpox, and 
cholon. Hafeansrds agalimt aeddenta and Inapoctlon 
of workahoiM prevent Industrial mlshapa. PbosjriioniB 
poisoning of workmen to avoided by forbidding tbe 
manntoctura of phisiphonia matchm. All these evils 
eauae injuries to health through purely external Influ¬ 
ences. When It comes, though, to an attempt to uproot, 
the tendency to Illness Inborn In llie Individual hnninii 
lielng, the matter. In the opinlisi of the writer, la very 
dillorcnt and uiilveraal blologicnl lawa conm Into play. 
The origlaal cause luhorent In the Individual cannot bo 
removed, and tovurabie external conditions develop It 
Itato lllnesa “For Instance," laya Dr. I’anlson, “a pbys- 
wBlf vigorous soldier, who to also apparently aonnd 
taoutally, becomes In a war unbalanced In mind from 
the same fatigues and taiychical Impresstous to which 
hto comrades have also been exposed. This atenlnl sf- 
fectlon would probably not hare appeared If he hatl 
lived eoiitlnnously under favorable conditions In Knch 
a case, eoiueqncntly, tbe social preventive measures 
would bavo obviated tbe outbreak in Umes of pence, bnt 
could not lu tbe least have done away with the In¬ 
herited tendency." 

The layman knows that pecallaritJns of mind and 
character and Insanity are largely hen-dllary, bill si>l- 
d«m thinks that physical Illnesses nre also rmpieiiMy 
tbe result of Inhcrltod Inferiority of pbysbiue; lhal a 
person with sneh hereditary tendencies can rarely light 
out the struggle of life, or only docs so under the con¬ 
stant aid of the beneflt iDstltnUons, with the help of 
which be drags out a weary and dlsbeaTteiicd existence. 

There arc many more persona thus heavily wHghtcd 
than is commonly believed. As exampiss might be men- 
tloiird the army of people siifforliig from iicrvons dls- 
oascs, gout, diabetes, etc. ItanleiiliiK of the arteries Is 
also bcredltaiT in some femllles. Miiiiy sufferers from 
tulierculosls hsve also Inherited tbe tnmblr, while an 
niiuUimIcal predtspositlou most be asenmeil st tluies for 
npnendlettto. 

Tn many canes of llliwaB it Is evident that the 111- 
heslth is not entirely frma external acetdenL A good 
example to to be found in the mentally retarded. There 
are heliiga whn hare remained In a rhildlsh condition 
Nitb pliyalcally and mentally, or, as more fnsiuently 
bappoiiii, in whom one organ w one art of organs have 
never folly developed. Tbus, It Is enmmnn tn And a 
small heart which works all right when not overtaxed, 
but which breaks down In illness or when iniwh Is de¬ 
manded of it It Is like a small plessnre mito which 
has been tamed Into a motor van for heavy hauls. To 
such panaoB may bo added to the grrel throngs of three 
who are conatltutlanally weak on Hcenniit of thit nlro- 
hollsra nr syphlllls of parents, ns well as those who 
have contaacted auch dtoraacs tlH>iiisi>lres. Kxiwriemasl 
obsarveri, tkeretore, behave the oiiliilon to Im correct 
whtdi bolda that a third of Hie poimlatloii of (icnuany 
to Imperfact In health. 

The phyolelan can often do no roiwe than mitigate the 
mifferingi of pernoa tbns hnnleiied. The extreme easis 
till the endlCM svceessiisi of Imaiiie and other nsyliiiiiH. 
the boniea tor the crippled, deaf ami dnmli. ami lillnd. 
all of which InsHtutlnns yearly luctrese In iinmlsT nisi 
alie. Tbe lighter caaeo, three able to work, are the 
peraoiw who, above all, toy claim tn the aid of sick 
heiieilt Insnranre and other snctal nrgantoathms. It Is 
these classss of peoide iriio ate the grmt soarre of 
•xpeaae to bioAt (mdi and ebariUeo. 


(Toiueqacntly, tbe present suclul prevision for the 
enro of the weak often leads to the maintenance of the 
uiihealihy elemeota of society at the exis-nse of the 
healthy, and gives the former greater oiHsirtaiilty to 
reproduce their allmeata in offspring. "Frcqnently,'' 
conlliiiieH Hie writer, “ehlldron of tlic lulM>rculuuH are 
found who were bora in Urn period after Hie llrsl trrel- 
ment by tbo Insurance beueflL This trentiiu-iit lias often 
only slightly prulougcd Hie life of the InialUI. while It 
has aided lu the brlngtng Into the world of a large 
Tinmbor of children. In the aamo way Hie cure of 
drankennem la advantagoouB to the liiillvldual IsiHi 
eeonomleally and as regards health, but results lii a 
deterioratloii of the populaUon tbmuKli the clillilreii 
Imrii after the cure who hare hereditary weaknesses. 
It wiaild be a good thing if tbo Inanruiice ofllces were 
(-1 Issue intornmllon os to tbo number of these ehlldreii. 
Thus plainly the weekUnga are tovored In Hioir per- 
petnation at the expense of the bealihy Ibnuigh nur 
efforts to protect them.” 

At the mme lime difflenittoa are often Hirown In Hie 
way of the iSTialuatlun of the good iinullHes of the 
lirellby. lu Hie higher circles of sislcty many marry 
lale or not al nil. The Oerman oOcer dealriiig to luiirry 
U ohllKnl to Inquire Hrat about the fortnue of the pns 
INsssI wife, and not nuHI afterward as to henllb and 
ahlllHiai. It Is nut merely training ami examliiatiniis 
wlileh can raise a class of society In the world: there 
Is something also to bo learned In life iiflerwanl. 
Willie a change of condltlona dcscrnml Is greally 
iieeihsi. It will be dlfllenlt to bring about, hecaiiae It 
ileniHiidM a kiiowledae of blidogicnl principles wlileh Hie 
niiijorlly of even Hie educated people lack. There Is 
sHII IliHe iiiiderstanding of the fact that Inner cniisea 
isiiilrilaile tor more to health and good fortune In life 
Hinii uuler enudUioua. Even physklana lay liai great a 
value on external factora. Another dinieiilly is the 
undue rsHmatloD of personal lllierty. It should he bet¬ 
tor nndcraliMSt that the Individual, ns a dtlxeii of the 
Nliile must sulKirdlimte hto peramml life to Hie giaal of 
the whole. 

Although the weak should be pndectnl and eansl for 
In every way, yet the deuiaud muat la- iiinde niani (h<>m 
111 return that they cease to have ehlldn-n when It Is 
medically proved that sneb children will eaiisi- delerlo- 
nitlon of tbe race, and means abould la- taken In en¬ 
force these domandK. On the other liiiiid, ynarrings 
must be made easier fur (he valuable elements of the 
mee, especially tor Ihose of mental abillly. These prob¬ 
lems are dtfllcalt and their full snlutlon may- never be 
stiiilned. It would, though, take too long to wait unHI 
the entire luiUoii eiinie to understand the matter, for 
thill would be to exisise the country to the tote which 
al! elrllizcfl peoples bare anffered that Iinve gone to 
pieces since the days of Rome, beeanso the slreiig inem- 
Is-rs of the populnllon tolled to perpetuate themiH-lveii, 
while the Inferior part of the iintlon Incn-asisl at the 
ex|n-nsi> of the healthier and ainni valuable. 

BritiBhIMetala Mid Alloya 

Till: eillHlig off of eertnhi eiigliipering su|iplles wlileh 
foniierty esnie friMii llelgliim iiiid Hermaiiy has Ih.su a 
iTr.v serious matter In nniiiy hriinelies of the ludustry. 
Tlie iiiitnmohllp mniintoeturers were pnrtleulariy hit 
by the Hlweinv of light steel stimipliigs ami eiistliigs; no 
iiiiieh so. III tod, that simetnl meoHngs of the Institution 
of Aiituiiiohlle Fliiglneon were held In Isindoii, nireiliig- 
liHiii, mill elm-where, to discuss tbe iKwIthm with a vlew 
tii iiidiH-liig Itrllisb niHiiiifiielurers to lay down Hie 


Kiiisiuragnl by the sih-issih Hint tins ntlended this 
eider|irlH<>. Hie milkers mill users of iiieliils and alloys 
thnt fornierly came from Itvigliini, tirniiiiii.v, and, In 
tod. fnrni forelgii wsins-s aeiirrally, arranged for a 
iiiis-ting In lllniiliiglmni. At this iiin-Hiig there were 
i-xteiiHlve exhibits of nil kinds of llrlHsh-niiido metals 
and alloys hotli In the workeil and iiiiwurkcsl stnies. 
These showetl ver.v elenrly that It Is no longer iieressary 
for maiiiitoelnrcrH to depend uisin foreign aiippllisi. 
Humpies of tlie various metals iiseil in Hii- prodiidlnn 
of alloy sti-el aial pure nickel In Ihe form of wire, erud 
blew, eyllmlcrs, and an ou were exhlhlhsl, logdher with 
rarer metals, sudi as eerinro (iisisl for mitoinailc light 
era of the friction typo) and tungsten. The hitter metal 
was largely Imported from Germany, hut Is now being 
made here In large quantities, iMiHenlarly for rle<’trl>- 
lamps sikI for hanleiiliig sli-el.—Tkr toniifon /lol/g 
Totepraph. 
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The 'TIheetnat'' Vlail«rt aerau the RliAne. 


The Furka Railway 

A Nfw Alpint* Iluilway from the Rhone to the Rhine 

By Dr. Alfred (iradenwilz 


'J iiK dlMtrlct trnvermKl by the Furku Ibillwfty. wbb h niK-ht-M y/Mall-nitwb eud fullcmH f.<r a wblle the con- iiorthcni ulopc townnJ the oftou HparlDg mm. 
cdiiiiectii the IlbOnc with the Ithliie, Ium the uinet verleil < n‘te oimdiilt which Hiippllm wNler fur iiiwrathiK the The yelley widens out more and more, and no lUUo 



IlliAiic Viillcy. II valley linin' IIihii KM) miles Iuiir. which 
lends rniiii the Hlidiic (Jlaclcr tn Ijike (Iciicvh, chnrnc- 
Icrixcd by Ibe Ioiir, stmlKbt line iif the turbid wiitcrs 
Ilf ibc river and by loim stmUht rends bonlernl by 
(■i|iiiill,v liaiu rows of Tximhardy poplam. Krery town 
mill I llliiKe, aliiKiNt every hamlet, has lla hbitory, usually 
line of blood niid Arc, battle and aonetlmes murder. 

Iiumedlntely iM'hInil DrlRiie stsMoa. the line imsses 
Is'low llie AttomI Hallway and crosses the Hbftne on 

II lirlilto' n( its own, reaching the nm'teiit rlllaxe of 
Xiilcrs, whlcfc, beliiK occupied by a colony of Italian 
tliniicl Workers, Is distinctly plelurcsque. On one aide 
of till’ valley Is the Kiirkn line, and im the other the 
dhaptiui line, wllli the eiitmnee to tile loiiRest tnniiel 

III llie world. For ii lime the lliw follows Mm old Fiirkii 
Uimil iHiNsliii; IliroiiKli ii ferllle viillej. ulien- fnilt tnsm 
Mild imnlcns iiri' pleiillfiil. HihiiiIsIi chestnuts irrnn nluntt 
llie lillMiic, and Itidliiii oirii mid niebms Ibnirlsh In 
I he Kiirdcna In summer. After cruaaliig the lilaaaa, one 
(If the torhnloit trnratarlit of the BhOaet the reilwtj 


LMXIII feet liaiK, reaehliiK the height of Itvba'b. by aii- 
ollier isigwheel Meethni and tuiiiirl. 

The Flcseh Valley in now entered, tlinsigh wlilrh 
runs the FleschlMeb (or White Waters), a gliieler 
slnwm and a tributary of tlin HtaOne. Hereral mure 
lindueta are than eronsed. before the aiimmer resort of 
Fleseh (n,4KI feet altitude) Is reaelied, Die startiug 
INiliit for a number of mountain excuntoiu. 

After leaving Fleseh. the Furka Railway pnamla 
for some way through land) and pine wowIk lamliliig 
backward, Ibeie U a Une view of the Welaahom arMe 
and cone, and gllmiises at the Dlabloo and the Ftcsdi 
glacier. The line then eontinnes In n wide curve, again 
In a cogwheel seelinn, with a sidnndid view on the 
Fleseh tllaeh'r and the village of Hrllwald situated at 
u lofty helghl, aiul after cniMdng tlie JFIcncligraben 
VlailiH't. elliiibs up tlic mountain slope. Paaslng elnae 
lo the Khdiie, we mnn luithv Nladerwahl, half bbhiea 
behind n fold ot the mounUln, ud npidly pui thioogh 

■ kmg taoctmlen «f tm»U •& (anM « tth 


right, ami tlie Urimsel on tboJefL (llclaeh la the eclc- 
liratnl cDisHlng of tbo Qrlmspl and Furka muda, the 
fiirmer of which atUI la the nmsailcstod realm of the 
mall coach. ^ 

Before reaching the Furka tunnel pmpef', rather over 
a mile In length, which mna (niinedlats|y below tha 
Fnrka Pan, at 7,138 fist altltade, there la Unttbadi, 
wbAice a good mad leads to Hotel Bdvedera and to 
the npper edge of the BhOne aioder. From the summit 
of the Furka there Is a splendid view on the Bemeee 
and Valalaon Alps on the one bond and the Hneru 
Valley with tbo Umer and (loUianI peaks on the other. 
The Mntthom can thence he retched In S houn. B*. 
yniHi the Fnrka Paos there Is Furka Htatlen, whandg 
0 new mIHtary road at Tlefenharh reachsa t^ Fnrka 
mad |iro|ier. 

The railway now dernmnda tha alopea of the Ream, 
here but an InaliiDlllouit atraaa. Bhortly bafore the 

Avartw ehaMa gig mmM tha WjttvHniaar VgUij 
tVM ta Ok* rf|ii4 iMdlN to «• iMir Q( tht MM 






























Mv w, 19l» 


SCIENTIFIC AMERICAN SUPPLEMENT Na 2056 



Pkiureaqae Flcwh, with Alpine ntream In rorecroond. Lofty rladuct rrosnlnit the Rhone near Grennloln. 


name. TIm tUUiio on tbo loft U Beolp (S,(iao feet), a 
plenaant Uttlo place In a plain, wblcli 1« a atreteh of 
daaallng enow tn winter, and of flowery nieadown In 
anmuier. We now reach Hoapental, whenoo the Qoth- 
anl mad hranchea off auuthward, and eoon oftcr An- 
dennatt, the atatlon of which la to aerre at the lomo 
tbne for tbo dchflUenen Railway (Andennatt-GOacheu- 
en) now under conatmotion. Immediately behind the 
atatlou, the Furka paaaea over the Gotbard tunnel. 

Wo now take another lofty aacont—In three Iwiii 
tunnela—to the aunuult of the Uberalp Paaa (11,742 
tiM't), whence we enjoy the wonderful acenory of the 
gieen Umeren Valley with the aurroundlng mountain 
glanta. The pnaa here forma a lengthy dellle with a 
melancholy little lake. At the end of the Obornlp 
Plateau thoro rloea the Ualraot (7,600 feet) the eeatem 
foot of which la encompauaod by a nnmber of military 
hulldluis. To the right tbero la a footpath leading Into 
another country and another valloy, that of the Rhine, 
In the Urleona, where RuiunuHch-aiieakliig pcuitlc lira 

The railway contlnuoa Ita courao on a alight aloiie 


high nlmve the road and afforda a welcome opportunity 
of admiring the ••Pta" or peaka at the weetom Goth- 
nrd maiwive. Below our feet, we aee once more human 
dwcllIngM, chaiiela and aouiewhat lower, on the banka 
of the foaming Klibie, a plcturcaquo group of vUlagea— 
Hul, Greatoa, Beira—wholly embedded In flax and bar¬ 
ley flelda. Aa far na the eye can aee, there la an endleoa 
rtroteh of verdure and woadH. Deelde every clnater of 
rMlelt will be noticed certain eurloua, wooden roofed 
Htnicturca, the uae of whli-b la not at flrat plain; but 
at thin altitude, and with ao little warmth, the corn, 
althotigh It will eiinaent to grow, cannot he ripened, and 
therefore It la bung up under the abelter of a roof, to 
lie properly dried and continue lla ripening proccoa. 
TIk> atruggle for life here la keen Indeed, but oa the 
ilemviit Into the CrbwHia proeceda, the auenery becomee 
every mile Icoa aevera the line often running through 
pine wiaala, and the valley broadening out greatly. Tho 
piini-lixil place before Obwiitla la reached la Bed run, 
lit 4,7:«l fwt altitude, ahortly liehlnd which tho railway 
tmveraeH a broad awevp of flat, fertile land, with pntbi 


leading In all illn-etloiM to the Humll bruwii-nMifivI ill- 
lagea dotted about In all the more aheltcreil coniera. 

Dlacutla, at .7,7(111 fi>et altitude, the tormliiiiM of the 
Fiirkn line, prohnbly tnkoH Ita name from 1 icaertliiinn 
(deaert). Ita miwt alrlkliig ri>atiini la the white Bene¬ 
dictine abbey, the oldi>Ht Beiinlletliie fiiiiiidnlliMi In 
BwlUcrland, which wiin proliably eMtiilill'dieil In 614, 
by tbo Irlah monk .'(IgiHhi'rt. The Hhladn of DlHeutla 
acquired In tho nilihlle rrcm much laiwer mid Inuairt- 
ance, and one of them even attnliieil to the illgiilty of 
a prince of the Holy Itummi Kniplrc. ItiuldcM being a 
place of great hlatorinil Intercat, DIkciiIIr Ih a Hpn, poa- 
nvaalng tho moat powerful radlo-netlvo apiiiigs In Bwltx- 
i-rlaud, and on eicolleut center for inoiiiitnln excuraloiiB. 

On aecount of local {■oiHlltlunN the Idea of operating 
the line by eJeetrlelly had to be alMiiidoiicd, ateam lie- 
Ing found more ccoiiouilcul. The Fiirkn Itnilwiiy In 
07.1 klloroeteni hi total leiigih, of whlcli about ;W kilo¬ 
meters, with gnidIciilH of 711-10(1 r*’r ei-iil are eogwheel 
Mi-tlon on the .Mil ruck k.v-nIciii, wlili'h nlloww ii p iiinrk- 
iililc BIK-cd III Ih- oIiIiiIiiihI. 



Alim tiM nawv to • iuMh tnirlM mtw M opmlf tlw olwMt itairt rf 


Tbg vtotoMt iMdi M tfag gwotli of fl Iwg leap taoDfl) the carrUf« nwd 
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At llir lluyHl llwllLulloii, Sir J. J. TIinniHuii, O.IL. 
K H.S., III ilrllvorliiK Uio fifth Iti-liin? iif hU courao on 
"AIoiun mill IiiiiM." rraillwt limt iiii llic IiinI iMiniilon ho 
lind roforrod In llio MllKbt coiiiliieUvlIy which air poo- 
M<iwd, niid ninliilnlned evon when confined within a 
cliwcd and llilck-walled vcsool. In no way whateTer 
wiiH It, he Mid, ixianihio to mlutT IhU conductivity 
ln'low n value which currcaiioiKlnil In the produetlcm of 
hIhiiiI four loim i«t ciiMc ci'iillmclcr |nt M'cniHl. If. 
liiHicAd of iihIiik iilr liicliiMcd In a tliick-wnllcd riwwl, ii 
HHiiiiiln of friH- Hlr wHa lukcii, Ihe iMnilmHlvlLy waa verj 
iiiiich gn>atcr tliiiii c<irn>N|Hiiick‘<l In the nluvo flipirc. In 
fuit, wllli air til IlN iiomiiil hIiiIc. the iiuinlier iwldoni 
roll IipIow clKht IniiH. iiiiil mlRlit riMu to a much higher 
value. TIiIh iiddlllniiiil coiHlncllvlty woa dne to the 
nidlnnetlvc miiKtIliiciilN of Ihc Mirth and atmoMphere. 
Tlimic itiive olT einiiiiHlloiiii which worn capablo of lonlo- 
Ing n ipiH, and lu llic iirexuiice nf IheHe emanatloiia waa 
In hu nllrlhulMl all lhi> ennductIvlty In exeem of that 
cnrrcHiHiiidliiK to the iiriMliiellon of four IniiM |ier cubic 
M-iillnietcr |N>r Hccniid. Ah would iialunilly Ih> cx|ieetcd. 
IIiIh added roiiducllvlly Hhiiwed coiialdcmble fliidua' 
llonH, heliiK deia'iidciil on I hr [inwence of a gan which 
had nrlgliially come nut of I he earth and been carrlud 
by llie wliHla to the hIIo of Ihc exiierlmeiit. The quan¬ 
tity of IhiM coiiRtltueiit iin-Hciil In the air luid been 
nicaHiirMl by Salterly iit the favendlah linboratory 
dally fnr nearly a j-Mir, iiihI he had found that IIh 
amount ninged from a iiiliiliuiiin curreHpnnlliig to the 
liruduclloii of one inn |H>r cubic ecnUmcler per aceood 
to a maximum anuie leu iIiuch oa great Satteriy had 
tried tu eMlalilhtb Home Miiuu<ctlan between the amount 
of Ihia eoiiatltneiit preei'iit mid I ho elate of the wealher. 
Hut no very eloee couikh'IIoii waa npiiamul, tbo weather, 
whether wet nr dry, calm or windy, making little dlf- 
forcnco to the eniiduetlvlty. In fact, tbo gna Mampiml 
at any one lime might have imvclod huiidrcda of mllce. 
The conHlItuciit reaponalhle fur the (’Xltn emiducUvlIy, 
though not iieruuiuent could lant a work or no, and 
heiieo the eniiiliietlvlly of the air exiiiulnod at a par- 
Heular lime might have been aniiilred a week or two 
prevlonaly. In thla enniieellon It waa thureforo the at- 
muaplierle enndltloiia at the houiwh of inuiply, rather 
tliHii thnw< nl the tOHlIng place, which might Nlfecl the 
cniHludIvlly. TIpihSp. im very clnH<< eouneclloii wee to 
he cx|MH‘led Ih'Iwccii Ihc cnndiicllvlly of the nir and the 
Htate of I he weather, and none waa apiairriil. 'When, 
however, Ihc coiirHc nf the air waa traced hack, for 
w,me time prevlinia to llic loat. by mniim nf metoorolng- 
Iciil cbnrtM, It tiinuHl nut Unit In air which had travuleil 
OUT cniilliienlN Ihc niiiniint of emiiniillnii woa moch 
higher than Hint In iilr which hud cninc from over the 
mm, I he dlfFiTiMicc lM>liig very cniialilenililc. Another point 
eNtnlillHhial waa llml, when the Iwroinclcr waa fhlllng, 
llicri' wua n teiiilonry for the cnndiicl Ivlty of the air to 
riMc, dno to the lllieratlon of rhh from the earth under 
Ihc dlniliilahod prraHiirc. 

Mr. Satteriy further found thiit the gaa aucked out 
of the earth thnuigh p1|h*h aiiiik to dlircrent deptha In 
viirlniia parta of Ciimbrlilgc waa u very gmal conductor, 
lielng alHiut two thonaand Uniea na condncllve an ordi¬ 
nary air. Thla waa due In the fact that the radium 
miialltiioiila of the aoll were conatantly giving off rma- 
iinltoiia. which collected In the porea of the anil, and. 
when Niickial mil. Ilila ciiiiiniitlon pmdnecil a gaa which 
waa qiillc II giHKl cmirtiicliir nf electricity. Mr. Hntterl.v 
fniind. miircnver. Hint the inarah gaa lllarnted on allr- 
rliig up nindily illlclica waa nian a very good eondnetor. 
iia II bmnght wllli It Ihc cmiiniillnii which came off 
from the radium eoiiatltiienta of the mud. The amnnnt 
ilcpcndial. of coiirac, on the qimllty of the mud, liul very 
ofinii nianb gna Ihiia nlitnlDCd had n very large amount 
of cniHliielIvlty. From experlmenta made above land 
Niirtncea It npiicnred that the quanUty of radlnm ema¬ 
nation In the air waa aDlfleleiit to pmdiiee per annum 
and per riililc eoiillmeter of air, 8 X lO”" cubic eenll- 
metere of helium. The amount of helium actually prea- 
ent In the air waa B X 10-* euMc cendmetett per cubic 
cnillmelcr of nlr. He wonid not, Sir Joaeph continued, 
divide Ihc one figure by the other In order to determine 
the Iigc of the cnrtli, aince a good many Intermediate 
Mii'iBs were mlaaliig between the emanation and the 
lielliiin, which wnnld have to he made good before a 
enh-nlntlnii of tliN kind could be JuatlBcd. 

Ill Ihr laat Iccturn he hod Blinded to the i«hp with 
which anillum aud iHilaaalum ami the alkaline oMinla 


geiH‘mlly came off (with a poaltlve (durga) tram aor- 
facea. He had meant to illnatrate thla experimentally, 
lull the tube had endutd. ITe wonhl not, however, 
make gixid the omla al nn . The only pecnllaxity abont the 
luhe UHcd lay, he aaid. In tbo olectiodoa. The poattlve 
elcelnale conaloted of a pleee of tuMng, tba npper and 
nf which waa tightly packed with a mlxlnra of oodlnm 
Imllde, aodlum brumldo, lltblnm Iodide, and lllblnm 
hmoildc. A wire embedded In tlihi mixture formed one 
icrmliuil of the tnbo. The ratbodc ctitwlated nf u wlra, 
which cndrclcd aa a aptral llie liibo forming the anode. 
When the diachargo tataaed. the aalt mixture waa heatad, 
iiikI gave out raya coualatlng of atoma of aodlum and 
liiliiiim, which moved foot enough to give the eharacter- 
iHtlc eolora of theae melala, via., the yellow of aodlnm 
iiiid ihu red of Hthtuia. 

I'nicMHllng, the lecturer next dlucuaunl tlie meana by 
which wilklH and Ikinlda which wen onliuarUy tnin- 
liitnru nilglil be made condnetora. Thla enuM lie done, 
for cxniiipic. by nicana of the lUInlgen rayo. The re- 
Miiltiiiit conductivity waa In no caao eqnal to that pru- 
diiced hy the mnie meana la a gna, but It waa illll quite 
iipiint-lulile. Ill the early doyu of Unutgon niillatlnii 
lie liHil liluuwir (rtMcrved that thuHe raya wioilil render 
cniiiliicUve a mixture of vaaeltno oil and bromine, which 
(iriHtuirlly wrh a very had condwtor. Sliullarly, hexane 
cxiHMcil lo radium became quite a good emuluctor of 
electricity. Jaffe Imd In thla inae meaHiiml tlie imm- 
Ikt of Iona prodiici>d and their aiNusd, and alao the rnic 
III which Iona of uiqMiaUe algn cumblnetl to form new 
Kynlema. In aoum n<H|Nieta hexaim waa more aatlafnc- 
tory to work with than gaaea, aa, althmigh the conduc¬ 
tivity waa aauiller, the reimlta were foiiud to he more 
regular 

Tlw Curim had ehown tlmt Inaulatliig llquida and 
wilhla cximanl to the mdinm enuiiiiithm alao hceamo 
eoudiH'tom. Hcfwnnaii, again, had fonnd that when 
hxiHiawl to (he Influence of poliHilum, liquid tlr would 
conduct el«>c(rlcWy. lie would have liked, the apeekor 
eonttnuMl, to have abown this experiment bnt owing to 
the dlttlcultlea arlalnK from the condciiaatlon of inola- 
lure In the appiiratua, and eonaequent Iooh of iDHUlallon, 
the pin III raiiulrcd wau loo cumbrauu for nae In a Iwturc 
cxpeiimeiil. 

Dewur lind Nhown Ihnt normally, Ihinid air waa an 
liimilator, yet Mclennan now found that It would con¬ 
duct when expnaed to iNilonlum. The upoakor wonid, 
bo aaid, uac polonlnm to ahow that under Ita inflnence 
imraflln wonid becnmo a eondnetor. To thla end Sir 
Jimeiili placed n nhcot of iwralHii |ia|ier on a eopiier 
plule oiiiiplod to an eln'lrnwxi|ie, and mi top of thla 
iwper laid another Hlieet of coihut, on one aide of which 
WUH a diqiOKlt of polonium, lie Hhowed that tbo leak¬ 
age from the elpclroecolie wiia about three tlmoa aa faat 
when tho polonlnm dcpoalt wna next to the parnffln aa 
when the plate waa reveraed niialde down. 

There wna another aalwlaueiv the lecturer Minllnncd, 
which became a conductor when pxiHwed to RBntgen 
^oy^ but he would not claim that thla wna a almple 
cnae of loalxatlon, although probably eloocly connected 
therearlth. He referred to the action of RBntgen raya 
on a aelenlutn cell, which under tho action of the raya 
had Ita mbrtanoo very largely reduced. The cell wbh 
mndo by entting a aerlea of cqnally-aimeed notobea on 
Ibo oppoolto edgea of a atrip of mica, the meat con¬ 
venient plan of doing thla being to chimp the mica bc- 
Iweeu two plocea at hraaa, turn up tlie whole mi a Utbe, 
and Anally cot a aerew-thrrad of 1 mllllmeler pitch. 
.\niaad the atrip thiia formed were wmiihI two culla of 
wlra, the two wlrea rating In allernale notefaea. The 
whole wna covered with aelenlnm and wanned nnUt the 
aeleulnm flowed over and filled the InlenqMora between 
the two wlndlnga. It abould be noted that It waa only 
the eryatalllae form of aeieniam that waa aenalHve, and 
(he attalmuMt of thla atatc waa Indicated hy the ap- 
pearnneo of the oelonlnin, which In the cryatoJUne con- 
dIHnn wna oiate^olorad. 

Taking a cell tbna formed. Ihe leeinrer pUeed It In 
a light-tight box, coupling up one cfdl to a voltaic celt, 
and the other to the termtnala of a galvaimnwtor. On 
expnaliig the box to the action of RBntgmi raya ha 
ahowrd that the delleetlun of the g^lvanomter wna 
notably ineraaed. the rHUtaoce of the oeU helivi in 
toet. dlmlulahed to about one third of Ita original vtfaHv 
Uroat oa wan the effect vf the BBotgM raya on Ihe can, 
that of light ww, he eonUnued, ratr mnA 0a^er, n 
lighted match brought DMT at ceU eanaiuf a M>r Ian* 


deflection. Many prarildnl agpMcnttena of BUg Wopettt 
of aalenlnm boa bon praponed, lacMtag a ngiM ft* 
the tranemlnaloa of photognpha tatagnphleaBy. 

Beanndng, the leetnnr aaid thaf' It anmld .ha 
tarn the foiogiflng that hy the aedan at apgraprlato 
agenta we could gat ewdnottrity in Hvdda and Ml* 
aa well aa In gaaea. Indeed, we ahonld expedt that R ' 
onght to he easier to affect a anaratlMi oC tb» pnritlve 
and negntlve charge* lu the cnae at Uqulda than In Out 
of gaocH, or, rather, than In the ease of the tadtridfinl 
moleculea cmietltutlnf the gna. Hm riaetnns or e(ifpa» 
cka tnaldo the moiccale might be leohed « os cKcrilng 
a certain preoHure, tho Intenilty of which waa penllar 
to the iMrilcular element midw eooaldtraUoa TIum, 
with iron Ihe prenonre bad mm valne, and with twpper 
BDothor. If an atom of the one were pnt ctooe to an 
atom of the other, the fact that the intenml corpnaDnlar 
piranre waa different In the two atoma wonid tmid to 
make coriNtaclee pam fratn ona to the other. 

What waa it prevented thla flow at eleetrleltyT A 
tniiaCer would mean that the one atom would be left 
iwaltlrely changed, and tha other aotiilre a negative 
charge, HO that the two wonid be eqnlvaleBt to the two 
cnatiuga of a r«yden jar. Now, when a Leyden Jar wOh 
elinrgnl with a dallnlte quantity of etoetrlolty, tbo 
larger the Jar the amaller waa the work required to 
charge It, thla work being; In fact. Invenely propor- 
llnual to the capacity of the Jar. Bence, the reelatance 
offered to tbo tmnater at a charge from one ayatem of 
inolflcnicH to another would dlmlnlah If the riie of 
elUier of the ayalema Involved was Incroaaed. A oollee- 
tlnu or ohiBter, conoiatlng of n large nnmber at atole- 
cnlca, wonid thna corteapond to a large Jar, and to 
charge It op with a dellnlte qoautlty of electricity 
would need a amaller expmidltare of energy tbnu would 
l)t> required by the onullar Jar repraMutod by alnglo 
moivcnian. Hence, It ahonld bo nmler to grb-'Mie elee- 
Irleltle* aeparated when dMllug with cluaten, or oggre- 
gatM of molecniM, than when dealing with two Indl- 
vidnal molecnleo, and when molecnle* ware elonely 
amodated together, aa In Hnnlda and aoikht than when 
Independent, as In the caae of gaaea. 

It waa not to be mppoeed that every molecule of a 
ciuater hint a cllarg^ but merely that the trawtor of 
H Htngle charga took plaee more molly when a censld- 
erable number were aggregated Into a ciuater. In other 
wnrda. It waa more dlBcuIt fM atoms of Iron and eop- 
IMT to become charged np when brought Into ooolact 
than tor plntea of the two matala to do ao. 

When two d h ad milar bodlaa were bron^t Into con- 
incl, there won thug a tendency to prodoee eleotilc 
Hcpnrallun, one aMo becoming pMtive and the other 
negative, and thla tendency waa the baala of the praceaa 
I't prudoclng electricity by friction, the work expended 
in the friction providing the energy neeeaonry to com¬ 
plete the aepnntlon by tearing the chargm apart 

A remarkable phenomenon had been dhwovand by 
Quincke, who had found that amall parUelea of aoHda 
llnatlng In water or other llqnMa were eat In motlen by 
an electric Odd, anmelimm In one direction and aome- 
ttmea In the other, depmding upon the natura of the 
partlclf*. and on that of tha UqnU In which they wera 
■wipmided. For exninple, pallet of aulphiir aiv 
pended In tnrpentliie contained In a borinontal tube 
could be driven from one end of the tube to the other 
hy cmipUttg up the ends of the tube to a Wlmdmrat 
miehina On revenliii tba pdarlty of tho epde the 
portidM prariondy crowded Into ono end were rapidly 
elearad out and driven to dm other end, and dmllar 
phenomena centd be ahown wldi pairidea amqAndetf hi 

Omndder, Sir Amph tald. • naftidatn miwn- 
don oanytiig, aay, a negative chargiFfllatirlMnd one 
Ma anrtoce. Then, on tha a*aaaot wat« than. Wou(d 
be a Ugw of poaltlra rdectridly cqnal In qulknttljh olid 
If any extwnal fipice acted, R would pah the pMItfe 
■a mneh as it Mted the negattoe tkyer^ Baace^ It *0 
eharg* wen rigidly cMmeetad tagrihar, ftwe wyltM ^ 

ubeMet Tab M a matter, qC,tl^ In 

pemeteo m iten tbnm^ tha Uiigld. anA^tUtevtiia 
auppoaad tdlte aftteM Iff the aatar Hm 
tlon IMA tha MrtlC^.allA Mhji 
renewed Iff fl Jta* chafia. MmM M Bia wgtg( 

cutaB whMi ieglB»ffa then iM 1^ Rte 
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oaodtaoH tn frUA it Bl«kt oeau. own tImt wu 
tba potrtdnl dUmuut botwon the two eontliiii 
WM fm/bslMBar (Mt, no motloa wonM occur, ond, at 
oooMb tktcc wonM tloo bo no moromatt it thk poton- 
tlon dUMogee wao Mra It wu, Indoed, ■ niit^iu 
IWt tbnt ■aunnoHnl made of tbe ipeod of tbeae por- 
tfaltn (WUeta wio importkinnl to the potontUl dlffer- 
oneO) Aowod Uwt tbe epeed did not de|^ on the idn 
ot tim pnftlalei, bnt ooljr on the potential dllbretice, 
end the nnaben dednced for thla were aU about 008 
rbit; the Udhert ot whldi ho oonld Bnd a record belns 
OOB Toh in the QUO ot copper partidee in cratact with 


wat«. Thla Mala at ralnea tna jut in the reckm of 
tbe bnniir poaeaued by tbe parUdea in rirtne of their 
thenul aeltatton, that of the partlelea of air belni 1/80 
rolt when inaaBared on thta scale. It wu, he thouiht, 
verjr inaHUTe that the nombcra found were all In this 
ndshbortiood, and it mlnht be that the aeparatloo of 
tbe charges which permitted the motion, had to be 
brought about by the energy whtefa the molecnle pos- 
s e seed in virtue of its thermal ngltatloa. Hence, if the 
energy required to separate tbe two coatings were very 
large compared with the kinetic energy of the particles, 
the two coatbiei wonld be held together, the iwitU-les 


would not move under tbe action of the electric field. 

In the Cavendlih Laboratory, Ur. McTaggart bad «- 
perlmented on tbo motion of eloctrllled biiliblae through 
a Ikiuld, and, ualng centrifugal force to steady their 
motion, bad obeerved Uielr velocitlea with very great 
accuracy. An interestlug iwlnt eatahllshed was that the 
speed due to tbe electric field was the mme whatever 
tbe gSM In the bubble, whether uiygeii, hyilrngen, or ulr. 
P(Nwlbly this result wee due to (be itlineulty of getting 
entirely rid of oxygen, very llUle of wlilcli might, |ier- 
haiM. santec to mask any K|SH-lfir retoelty. 

(To 6f ronclaicil.) 


Tide Awdjile-A Stifle end laeipeuiTc 
AnenUu* 

By InNit W. Bmra. P.Ii.8. 

Thb ohjeet ot this paper bi tbe deacrliitlon of an b|i- 
pantUu for tbe aulysla of tidal obs er vations which 
anyone nwy quickly eonstmet fur hlmaelf at an expen- 
dltun of a dollar or ao. Danrtn’i woH-knowu amw- 
ratw' haa dlsadvantagna which be hlmaelf reeugnlxed. 
It cnnalated atripa of xylonite on which the observa- 
tkitM wera written, and of gnlde abeeta canfnlly printed 
to ahow the poatUou In wbldi the iti^ were tu be- 
plaoed ftir the oveluUmi of eny parttenler tide. He 
had tbeae made fbr a year's observations and nhonl a 
dinen different periods; each aheet wu to serve for 
aeveuty-ftnir days and there were thu eomc sixty largo 
sheets to be need. 

The device denctlbcd here la Intended to uhtalu pre- 
eiaely the nme reanlt u that of Darwin. The strips 
nre replaeed by endleas paper bends and the gnlde 
sbeets by simple InstructloM for arranging tbe bands 
and for teating the eometncsi of the arrangements. 
Tbe almiiltAcetbin ii pertly doe to the Introduction of 
adtUiig machines, now In pnctically universal nse wltere 
Urge masaea at addlliona are to be performed. With 
them It U no longer neoenary that the digits ibonld be 
very aoenrately In column for easy addition; so long 
aa the complete nomben an inlSclently luarly In a eol- 
nmn aa not to be eonfuaed with numbers In a iielgbbor- 
ing colnmn, the operator has no dlOenlty lu following 
hU wwk: with accnrately roled paper, however, the 
numbers can be pat into acenntely pUced colnmiw u 
easily as In Darwin'a method. Nothing else In the de- 
vioe requires sny grast care, As tie ane c es s f u l use 
dependa mslnly on small details, I have described the 
Utter eomewhat fully. There U slen another reason 
for this. Hxperlooce has shown that a constdorsblo 
proportloii ot the ttme of tbe operator U often taken up 
with the arrangement of bU work, freqnoutly more 
than the aetwl ealenlatlon. Thera Is thw more oppnr 
tonity tor the earing of Hme and trouble and conae- 
qnently expenae (which U now the Chief fiictor In re- 
dndne tidal obaervatlona) by the aImpHllcatlon of the 
amngement of the work, than in any other port of It. 
An apparently trlfllog detail In npemtion may make the 
difference between snecess and failnre In thla rtepect 

The nwterUU required ate ruled paper, shaete of 
cardboard, paper cottar, a few brada and double-pointed 
Ineki, and a beard. 

The rnled paper ahouM bo of good quIUy with 
smooth finish and not so heavy as to prevent It friwi 
(oMIng euUy. The horisonUUy and vertically mled 
Ilnse are to be nnlformly a qurter of an inch apart 
This siBS permlbi two fignm lo be written In etch 
aqure with no parta of the flgarea projeetlng over tho 
ruled Unea.' Iti width U to be 10 Inches (73 squares -|- 
an inch overUp) and height at leoat 8 Inclioa (.82 
aquiw). 

The cardboard shonid be Ulrly flexlbU so (Jut It bent 
Into en arOh whose height h abont one sixth of the 
baae, It arUI not tend to break end will return to Its 
orlglnBi farm when edeuod. The hriebt of the card 
siMmia be ahoot 13 toehee, lU width nther leea than 0 
Inchaa The Uttar meuniMnent U to be sneb that 
when two aheeta af the rnled paper ere folded closely 
over it OM edgp of the ontor ebeet ahall eome accnrately 
over tbe ruled Uu on the aheet U toebee from that 

edgiL 

A eerer to Oe cardboard to made by foMlng a duet 
of ttt BBM UdA of paper (raUng la unneceasary) 
cloMy UTW It dud lUating the edfea together, care 
iMtafi late that the cover doea not gUck to the card¬ 
board It tba Uttar ba but a Utee tbe cover can easily 


k A cunvfBieati papar enttw la Out naed to trim pboto- 
iraphat it wal bolaiflaeMuh to maha a O-ineh cut 
WMf'hitM aw drlvatt lato a'bcard ao u to form a 

‘ VBl fiA.p. ao, isai fe papers, vol. 1, 

astusa roM use a better aeUe 
'MtWBM ekwr rUaga, wpirtilly 
sf MvstaldUNa ' 



rectangle about 8 luebee by « inches. They should be 
s little liicUiied liiwsrd slang the direction of the H-lneh 
sides of the rectangle. The doutilc-iiolntcd tseks arc 
lartly driven in close to the bmds with tbelr lengths 
In tile Mini' dlnt-tlnii, so that »hcn the shed of vnrd- 
bisinl In bent and the edges plnci'd liclwccn the pulrs of 
lirsilN it n-llt romnin Is-iit mill will In slightly rslMsI 
iilsivc the iKnrd. Hsch bnnl iiiul Inidi may be nqilsnsl 
to s small wood step iisllcd lo the Inurd. 

In Itarwln's schema for the niulysis ot s ycur's nli- 
scrvstluns, honrly heights sro uscil. Hr iilso suggested 
Ihst HiK'h nnita should be sduplcd (o. g., leiillis of a 
fiHit or Inches) that all hriglils could lie cxiircsscil b) 
two (IlgltiL It Is coiivciilciil lo ili-Hcrlln Ihc nis* of the 
nppflratns on this Imsls. nlthough there Is rissn for four 
digits If necessary. The twenly-finir obNcrvstlnnB for 
the first day (day 0) are written In every third wiuiirc 
of Ihc top lino of the rntdl pniicr beginning with the 
thipl wiiisre from the loft and ending with the sevenly- 
second. The second anil succeedtiig ilsys are similarly 
wrilleii In tho follosdtig Ilm-M up to the end of Ihc first 
block, nlileli. for the siilnr tides, iihiIsIiih thirty dnys. 
At thi' end of scrcml of the Iducks one dny ot olMerrs- 
lloiis la not nsed tor Ibese lldes: It must, however, lie 
Inserted. Tims, twelve sheets contain all tho otwervp- 
tlons; ihcxe may Iw written In. as thoy are mMsiiteil 
from Ihc tide curre. They are then winimed scconllng 
to Darwin's published lustnietloos, both horisontslly 
and vortJcnIly, and llio resulla naed for the niislyala ot 
Ihe solar and long-period tides. 

Kor this sod fiitun- arrangemenls, the number of the 
dny Is wrlUcn In red Ink twice on ouch line in any one 
of the uiiiwcupled Hiusrca, once between Ihe left Hlge 
and the olMorvstkm fur 11b and once between Iho nl>- 
servstlon for llh and 28h. A pair of alngle red lines la 
niletl ao as to Inclese all the obaervaliona st Oh sihI a 
lialr of double red Unea lo Inelnaa nil Ihtaw at 12h. 

The obaervitlona have now to be regronped ao aa to 
give an analysla for mean lunar time. Pot Ihla purpiaw 
tbe first sheet la (daevd face down on lh<> lahle and the 
two edges folded over so that the left eilge ernnes on 
to the rnled line following the olwervatloim at 20h. Tt 
la pasted In thU position by using tho liieb overlap, 
esre being taken that Ihe Inside porllnus of the i<H|>er 
do not stick together; the iMwItlon of the folds Is Imuin- 
torUL The folded sheet U then placed on tlie paper 
cutter and each day of observsllona Is cut off; It will 
form s closed band. The first Ihlrlynteveii of these 
hands are pUced In order on the pnisr cover, previ¬ 
ously made, by bending tho cover In one hniid and slip¬ 
ping the banda on with tho other. The cover carrying 
tbo hands to then flattened out and the sheet of card¬ 
board heat and slipped In. The remaining nine canK 
each carrying thirty-seven days of ola<erratloii. arc 
treated In the anme manner. Thus the whole year's 
nhservattons are contained on hands stretched o\cr ten 
cards. 

The hands have now to be amiiiged In accordsncc 
with a acliema made out In ndvniice. Suppose that tho 
arrangement miulied Is such that the ohserratlnns at 
the following times are to be brought Into the some 
eolumu; Od, Ob; Id. Ih; 9d. 2b; 3d. .8h; 4d. 4h; M. 4li; 
and Mo on. The first card with cover and hands la bent 
and tbe edgea pUced hotwemi tbe brads on the hoard, 
can being taken that a Imnd does not rest on Ihe tacka. 
Any band U then easily movable around the card; It 
can he rapidly and certainly brought Into any pooltlon 
by gently pressing on II with n piece of soft red rubber 
and sIldlDg It to the right as required.' If Ihe hami he 
ptnehed over the edge of tbo card when It la brought 
Into position It will remain there while tbe ether bands 
are being pUoed. The card and cover being about 12 
ludma hmg and the sum of tbe widths of the thirty- 
seven bends being only B.2fi inches, there to ample room 
for the movament of the bands. It being not n e cessary 
that tbay should lie very cloae to one another.* The 
remaining nluo cards being treated in the ramn way. 


• It sUd to tbs toft there mtj be trouble owing to tbo luetde 
ssstrd edgee of tbo btad catching os tbe edgs ot tbe cover. 

• If tbs eover be made at lUrly sH> paper, tbo eaeds sad 
tbs board may be dlopiaoed wlHi sad tbe bands moeed by one 
baH wblto tbo otter holds tts eover. Bat thta Mttod to sot 
fOtta as coav iri ii t tar wo. 


tbe utmcri'HlIiiiis sre ready fur tbe summing which gives 
I be M si-rics of tides. 

I'lic utlier rcnrruiiHcmculs follow a sluillsr pno.-css; 
s HciMnilc sel uf liisiructiuns for the unlcrliig of the 
ImiiiIh Is given to the uiswalor fur each orrniigcmeiit. 
After the pKweas Is cuiupictrd the cnnls are sll[i|sel oiil 
of Ihc Clivers currying llic IhiiiiIs, iiiiil the Inller ran bn 
stiinil away In nii ciivcluis- on which It In inily necro- 
siir> to write the )inr iind the isirt, Tho oliscrvatiouH 
luive IliiiH iinl) been written oiicc and nre always nrall- 
slile fur fnture reforanco; 

If the observations hn lypnl on In thii sheets, the di- 
nienHliiiiH of the npisiniliis nisy lie ciiiivciilcntly reduced 
In the ratio 3:2. 

II remains to ox|iInlii Ihc liistnictlons to he given In 
the oiM-rslor. 1811- single and dimblo pairs of red linos 
iind the nunils-r of the day nre Ibe guides; nna pair 
nnd one dny iiiimlicr will ho foniid on cnch thee of Ihe 
ropl when Iho hands are plsced orer II. Define "no 
sliqi” for any day an a case when the otwervallon si 
Oh on Us Iwnd Is Iniiueillulely iiiiiler Hint for nh on the 
iMiiid next iilmve. and the "one sleti Icfl” when that at 
Ih Is Immediately under (lut si Oh on Ihc Isind next 
alsive. Hlmllnrly for "one slep right." The words 
“left” nnd “right" iimsI not he rc|siilrd sliiee there are 
never holh left and right steiw with sny <sie tide. Tho 
Instrnctlons to tho operator couslst only In giving to 
him Ihe slop for encli dny. nnd some other fact which 
will enshle him lo test bis work. The method of oh- 
Inihliig the Inatrucllons nnd the test will he explained 
by giving In detsll those for what Dsrwlii calls "moan 
lunar time." 

The speed of this lime In degrees (mr mean solar hour 
Is H.-ULtinai degns's. It therefore moves 347.Sm2fi di- 
grecs In Iweiily-fonr lionra. This, on divisinn by 16, 
hIhiws IhiU '2:t.lST2N( menn Umar tonira are equivalent 
to 24 mean solar hours. As we can only nse nbserrn 
tinna at exact solar houn, tbe pnsllinn of the band on 
ilsy a Is nblnlned by finding Ihe nearest integor to 
(a-I- 14) 23.1ST2N8. 

Ihi< iipprnxlmnte colneldenee being made In the middle 
lI2h) of each day of oliservntlon. Tims, for Osya 1, 2. 
:i. 4 Ihe red Unea must In> one steii left of Ibnae on the 
)irevloiis days, rrs|well\el,t, for day 6 no step, for days 
fl 7, 8. I), 10 one hi op left, for day 11 no step, nnd ao 
on. The whose series Is iililaliied by ciinreiHng 0.18T2KI 
Info a eonllniKsI fnictlnn The siKCCssIrc convergents 

I . 2 , 3 , M , I«2 , .. 

5 11 in 2S,8 SOS 

Tbe thlnl convergent shows that tho suecesslvc (Mb, 

■"llh, .lUi days are lo be nostet> days, while Ihe fmirth 
convergout shows that for 28.1 itoys there must he eigh¬ 
teen cases In which tbe iio-slep day Is the filh nnd 
thirty-five cases In which 11 Is tho rdh (is 35 = 63. 
l.S X 6 -I- 36 X 6 -'s 2S3). Wo have thus the series 0. 6. 

5. repealed seventeen times, then B. 6, and fiimlly (I. 6. 

6. lo Ihe end. The above examination of the first eleven 
days showM that the first no step day Is dny 5, Ihe next 
liny 11, which fhols give the sliirl of the n. 6, .6 series, 
l! Is easy to run through and find Iho ihi,s on which 
Oh comes Into the first column. Tims llic Inst met Ions 
to the operator are as follows: 

“rUee each hand one slep to Ihc left of ihe prevImiM 
bond except on the following days when no step Is In 
be made: 6, 11, 16, 21, and thereafter I lie nth. nth. .'ilh 
III sucresslon until the no-atop day 277 Is renehed. The 
dnys 283, 288, 204, 201), 804 are im-steti <la>s and there¬ 
after the etb, nth, Mh In socccaslon until Ihe end For 
lestlng the arrangement, note that the nbacrrallons st 
(Hi for the following days are In Ihe same column: 0. ISI. 
.W. no. 88, 118, 147, 177, 208, 236, 263. 296. .'KH. 361.” 

glmllar lustrnctlona may be made out for tho other 
la-rloda 

ThU ipparatna to more conTeiileiit for tidal nnnlysln 
IliBii that which I deaertbed* some years ago nnd which 
haa been contlnnonoly In use for the synthesis of Ihe 
small terms In lha moon's motion which are to be In¬ 
serted In the lunar Uhlrn. It Is not, however, applicable, 
like Iho earlier device, to general harmonic analysla. 
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Making Museums Useful 

What an Active Curator Can do for a Small Collection 


Ily Hurlaii 1. Smith, (jcologinal Survey, Ottawa 


Koh niHiiy ycnn wfi havf nil lii'uil lui niiiuMl ciinKtiuit 
roiiipUint fnim mum<uin furatiini hikI nlliDrtt iiitrrrAbvl 
ill muRouiniii tlml. thw niw mil miniririit limiu'.v nvnil- 
ablii for tho piin-liawi of H|)miiiiicnn, llio rm-lioii of tlm 
(Irainil building, and tlio building of i-hwh. It iri Iriio 
this oomplnint u-ns mil always, though of ton, iiiiuU- as a 
Mirl of apology for the lack of arrangi‘mi-nt and labelling, 
tho pnucnco of dirt, and Ihc failiim of the iniimiiiin to be 
very usoful to tho nonimunity, or evoii interesting to tho 
avoragu visitor. Some museums simnd thousands of 
dollars for specimens annually for many M'ars in sue,- 
cessiun, wlulo thoir exhibition halls lark siiffleient lalwls 
of all kinds, and ospenially tho general diviMioiuil labels 
and ease lalwls whieh are among the first iiisslisl to nmke 
a mnseuni usoful l<i the publlo. It were Iwtter to buy a 
.I cent book In read. After all, a museum may better do 
without many spooimnns than to bo laeking in the most 
essential lalwls. One speeiiiien sueh as a diamond or 
elephant nuiy not only eost more than thousands of 
e(|iially iiistruotivn spiwimens, sueh us a piis-ci of eiud or 
a kernel of com, but will use ii|i more ef a miiHeiiiii's 
funils than would be nnsled to enmpli'lely lals>l a large 
liart of a great museum or an enlini small one. So many 
institutions wastu so umuh time in discussing what 
nolur, and weight iif nanllsianl or other material will 
ho usml for labels, that many years |uish Isifeni any 
exhibit is ailequately lalielluil, wlwnuui it would lie better 
to label it willi written or typewritten labels on any 
kind of paiior, so that the present generation may get 
umiful servines from the exhibit, and to replais' tlussi 
tentative lalicls whenever a Iwtler kind has Issui found. 
In this way eontomporoneous generations may derive 
bimetit from the museum, whieh under the usual exist¬ 
ing method is lust to thorn through pMvidiiu; for fuliiro 
genorations. rersonally, 1 doubt if Ihosti who follow 
these methmls will dellwr the benefits pmmiwxl. 

Waiting for a flm-proof or (wriaaneut or lurgur build¬ 
ing Is ourtaiuly a waste of lime. I onne know of a pro- 
foMor who onmplained that he ouuJd not teach a number 
of Interestod students booause ho had no oloss room, but 
I beUeva I can reoall hearing of aertain great teaehen 
of antiquity, who taught their disaiplM by tho road- 
sldo, without dthor oloss room or plooe to lay their 
heads, and this idea also applies to museums, fur after 
an, the whole outdoors is the best museum. A uumer 
in every sohool-honso may bo a musoum; a nook in every 
board of trade building may sorvo tho some purpose; 
even the Sunday sofaool room may have its Uttlo musoum. 
Much may be leamod In both ohurohos and saloons. A 
aheap inflammable building may be a more ueeful museum 
building than a flre-proof struoture oosting millions. In 
an inflammable building it would not be wise to store 
valuable matnrial, but in it could bn dispUyod labels, 
pictures, maps and books illustrated by sueh uboap and 
oommon speoinunis as elm ]eave^ squash isssis, liruken 
pebbles, English sinutown, mioe, and the skull of a dog. 
A musoum of sueh sisieimims neonmpMiicd by appro¬ 
priate labels, books, maps, ploturvs and miMlvls, might 



easily be of mom service to a oommunity than mne 
existing museums costing say ten times as much. 

Coses in wliinh to put speoimens delay ourators not 
iiiniiths but yiiom. Kiist them is tho ditoussion as to 
wliat kind of a ease and how to make it dust proof; 
wlmt the uiaterinl, and the nolor of the background. In 
this way, white waiting fur eases, yean go by. People 
wliu would use the musoum grow old and die. Children 
who liavo time in thoir receptive condition of mind to 
profit most in the musoum grow up and have their 
lliiHi otlierwisu ooeupied. As a matter of faet, all those 
IMsipIe noiild have gotten tho maximum amount ef bene- 
ni from tho luuseiim, had tho speeunoni boon exhibited 
without any cose at all, on tho wall, on tables, on the 
floor, or even nut in tlie lug uut-<loor world, had there 
been suffleient and appropriate lalmlling. 

No doubt llui liankgruunil should be carefully eon- 
sidorml, and that certain cohin are better than others. 
Perhaps the relationship of mihin or general harmony 
and the ndalionship of light and a subdued quietness of 
isiliir are of extreme importance, hut visiters in a niu- 
seiitii where tiui eases were entirely whito have boon In- 
tenistod and obtained useful information lomo Umo btfore 
noticing whothnr the noses wem white or blank. 

Tho museum of tho Natural History Society of New 
Hrunswick, looatod at 8t. John, has a comparatively 
small amount of money to spend eooh year, and its 
curator has not had tho great amount of university edu¬ 
cation and travel cnjoyeil by sunie curators of larger 
and richer museums. Jii this his museum is iiorhaps 
fcrlunalo, for in so far as his funds petmil lie is aetually 
imiting in foren some of tile most up-to-date museum 
lUetlsHls. lie lias iusuflleient help, a comparatively 
jiuor building and miserable naaisi, yet he earries on fluid 
nsieareh, conducts a lecture coiinu fur adults and one 
for school children, giving two leetums per week during 
the sehnol season, takM out large pmrtioe of young pooplo 
to^invostigate'and study in the field, issuee lome publioa- 


tions, idontifiee material oollootod by lehool children and 
lont to him by their teaoben, and providea the tcMhen 
of tho lohooU with nature itudy leaflets luggeetod by the 
objoots sent within 24 hours of their reeelpt. 

Every fall when tho Canadian Paolfle Railway rap- 
pUos two ears flUod with exhibits under the ansplaei of 
the provincial government of New Brunswick, to be 
drawn over its lines and side tracked for a few hours at 
each station where an audience may be had, this live 
curator oonumpanies the train. One of tba can uaoally 
contains exhibits of pigs, ohiekens and other live «toA; 
the other exhibits relating to agrionlture, eueh as bees, 
nursery treea, cream aepataton, and whatever tha 
Oovernmont experts oonsider may uplift the agrioulture 
of the provineo. Our curator friend Initalls material 
from his museum, supplemonted by ipeeimans oolleetad 
for the purpoM. Thm spoclmoni show such thlnga 
as birds which benefit the farmer's crops, Inssots whieh 
damage them, and drawings which Iw hastily makes 
with cheap materials, but whieh may be fastened up 
around the walls of the oar or held up while he leeturee 
to the rural audiencea on thinge wUoh will make their 
work more suoaessful not only to tbemielvee but to theb 
province, and which will make thair lives mote inter¬ 
esting and pleasant while they ore at work. No obld 
lilonded oorporatiun like the Canadian Paoiflo Railway 
would furnish a two-ov train, man it and haul it for about 
a month oaoh year, did they not believe it would make 
the people who visit it more prosperous, so that they 
might spend more money in shipping freight and travtdlng 
on the milroad. Ho has had an ordinary oarponler re¬ 
model somo of tbo antiquated eaeee, cutting off the 
ginger bread and reducing the amount of frame In pro¬ 
portion to tho amount of giass, and aa fail ns his funds 
permit, ho is oatrying out this ishoiqe throughout the 
mneeum. But more Intereating to us In the praaent 
conneotlon ii the nheapneis of the oosee which he l)as 
had built aa a beginning towards those which he in- 
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tandi to here throo^ioot tho muwiim tor tho hooring 
ti ioitniotlvo ood UHlnl mUMU, hli Idea baliig ihot 
while thiM eoMi am not ell he woold dedie, etlU thej 
Mm the pntpoae eo that the pubUo, both old and young, 
both aelantlit Mid laymen, may derive bmeflti from the 
itauaeiim antU eueh time an lie hae aemirod fundi for 
ideal oaiea. 

With thin iniidratlon and having In the Roeky Moun- 
talm ttuMum need to build at leait one oaie and in- 
itall it within three weeka, I deaigned a eheap oaiu fur a 
mall muMom or a muieum having emidl fundi. 

Any ordinary hoiun oarponter can make euoh a nam 
at an extremriy low eoit. The materiali may he oh- 
tainod wherever window laaboa are to be had. All the 
woodwOTk may be out to ilzoi at the local mUl, and thii 
li eipeolally dfelmblo where a large iiumlmr of eiiiui 
are to be made, ai it will lave much of tho expenie of tho 
oarpenter work. 

The kind of wood and molding may be varied aoo<ird- 
ing to what li eheapeil and moat eailly obtainable, 
oare being taken, however, if any molding ii, need to 
ehuoM that which ii ilraplu, JignUlud and will nut gather 
dnit. It may be deilrable to hit the lize of the gloiui 
(laneli and even of the eaee depend aumuwhat un the liae 
of giam that oan be obtainod. 

The advocating of o ohei^i oaie, ili manufacture, 
initallation and uae, in no way militate* againet ailvo- 
eating the heat and moat expnnilve caioa on tlie market, 
but on the ountrary pavei tho way for them. The mu¬ 
ieum that wait! to be uirful until it can liave nanee 
ooeting many hundreds of dollan eanli will probably 
wait a long time for flnannial lupport. Tho muioum 
that toaohei and otherwlie buoomes useful to the public 
with clean, neat, tiiough eheap caeca, will gain tho sound 
flnaneial support which it descrvei, at loiat as soon 
ai the present generation of children grow to positions 
of authority. 

One form and sisu of this case U practically a simple 
box 6 feet wide ova all, with a window laali icmwod 
on as a cover. The sides ct the case may be 7/H stuff, 
1 foot wide and 7 feet high. The top and Isiltom uf 
the tame stuff 1 font wide is sot in about 3 iiiuhes more 
or loM from the ends of the sidos. These four boards 
constltuta the liox frame without front ur liaok. A 
pieoe m inches wide is nailed surim from aide to aide 
at the top and bottom of both fninl and back to strength¬ 
en the frame and to cover the space above and below 
the top and bottom of the ease; the lower one also sorvos 
as a support upon which the lower odge of the glass 
front and glass or wooden bank framee may rest. This 
2H inch strip only partly ouvers the odge of the top and 
bottom, mi that the screws holding tho fmnt and hack 
may be screwed into tho top and bottom, but also an 
that there may be no craok or space left at the outside 
of the top and bottom of tho case. A kicking molding 
may then be put across at tho bottom, both front and 
baek, but it should not projoot beyond the ends of the 
case, as this wonld prevent aevoal oases being planed 
(oloie together) oml to end. In short, the cuds of tho 
case should bo flush. A board is next put ovor the top 
of the nan to keep duit aud nibbisli from gathering in 
the space outside nf tho case Uip, and to glvo the ease 
finish. This board should prujunl an inch or two in 
front and behind, but as in the case of the kiokboard 
should not extend beyond the ends uf the oasc. A mold¬ 
ing may be plaoesi below this tup in the oorucr betwuen 
it and the Inoh strip across the top of tho front of 
the cow aeoeidiiig to taste. The general label may then 
Iw fsstomid on this molding, on the 2>i inch strip, or 
from the cover of tho ooee to tho 2^ inoh strip. In font 
one purpose for having tlui ease extend above tho top 
the exhibition spaoe, that b above the top of the 
glaM sash, is to provide this spano ta a case label. On 
the other hand a oaso label may bo painted dimclly on 
the 2ii inch strip or the sash. 

The front of the ease is mode uf a sunplo window 
sash, suoh as may be obtained in any town where a saeh 
and door faotory exists, or for tlutt matter where houses 
an boiU. It is fasttmod with round headed screws 
engaging the edge of the aides and top ot the ease, the 
frame rating upon the 2ii inoh atrip across the lower 
part of the ease. By screwing the frame on, it ic not 
neeessacy to go to the expense of hinges and looks. The 

screw hoks may be soaped, waxed, or metal screw aockuU 

may be med if it e^ms derirable to go to that expense. 
A Htmrdrivsr Mrvea as a kay. Moreover, by drawing 
the nawt tight, the oaee mmy be made as near dust- 
proof as is neoenary in a muieum. In fact much 
more fnsi is made about dust-inoof nses and about 
goMhag flue «— than about nsliig them after they 
•ra obtafawd. A little attention given to wiping out 
flasM, -‘'inr‘-|r epedmeu and Rooking to the upkeep 
ef the T— hi most aaees would be oheaper end 
VdelcM tam gtving eo miwh attention to dust and 
inmat proof oms. Monovar, going ovw the qwedmena 
any onea a yttt tor snah a porpoaa, the euiator oould 

tUnv, whleb In oooU than do to improve the nacfiil- 
Matot eihlbU. Hemver, ootton taps or wicUng 


set in a plained groove may be added to exclude dust if 

dMbad. 

The should be in the largest plooos obtainable, 
up to the full ilu of the frame, and when more than one 
piece at glaas is required prafnrnnoe should he given 
to running the muUinns horisoutally so that they may 
the more often fall oppoiito a horixontol shelf in¬ 
stead of vwtloally across the lino of vision. It is hardly 
neoesiary to say that the gloss should be of the best 
quality which the museum can afford, and oortoinly 
should be free from blobe and other blomisliKS. If it is 
■ufflciently heavy, there will lie no ncod uf disfiguring 
signs requesting visitors not to lean on tlie glass. 

Bhelvos may be cut about 1/8 of an ini-li siuirf4ir so 
that they may be moved candy and may rest upon 
round headed screwi or eltll butU-r on screw eyes tiiniisl 
horixontolly, one at each corner of the shelf. Wliun il 
la necessary to raise or lower tho nholf thesu wimws aro 
easily changed and the holes may tie puUinl up ouil 
touched with color, allhough if left limy will no moru 
disfigure tho ease than the ordinary ratoheU iisod for 
holding shelves at various lioiglibi. The fuso may bo 
stained or painted with a dull finish, curlaiuly nul a very 
glussy varnish, porha|ts prufuraMy with a thin wash, 
to giv<i it a somewhat uoutral color in harmony willi 
that of the walls of the building in which it is to stand. 

The book of the ease should certainly bo put un in 
the same way tu the front, so that if it is over desirable 
to turn tho cosu at right angles and have glass upon both 
front and back, the book may be removed and a gloss 
frame may bo put on. If tho bock Is to be solid wo<iilwork 
which is perhaps desirable wliere heavy tliiogs arc to bo 
hung from it, oare should be token that it is built so tlial 
the expansion and contraction duo to oliaigpst in llio 
weather or the heating of the building may not slmiii 
tho rat of the cniiv. Perhaim os gisid a way os uuy would 
be to let tho liaok uf llui coho bo a frame with <s>m|M> 
Isiord, os tho cumiHt Isionl could lie replaced at any time 
glass was desired. A diaphragm sot bonk sguinst (ho 
roar frame would serve for liiavy objtsiis and eonid Ini 
covered with burlap or print paper, as dosinsl. 

When tho case has glass front and baek, that is when 
tho exhibit is to bo viewed from two sides, or when it is 
wil dcsirahlo to umi the full depth uf tlui ease for iho 
oxhibilion on hand, a diaphragm alsiiit 1/K of an inch 
shorter and namiwer tlion Uie lusidu of tho cose may bo 
inserted at auy distance from tho front of the case, and 
held in place either wiUi round hoorlod screws lliroiigh 
the sides of tho cose or with small anghi irons in frout 
aiut liehind tho diaphragm. This mcUuNl of fasb'ning 
the diapluagm oUowa it to bo adjusted ur romovid in a 
very fow minutes with prantically n<» waste and no 
un^htly soars which could not Im< rotuiiehisl with putty 
and oolored. 

Tho oases should Iw made in uniform sizes or miilliiilo 
sizes, like sectional book oases, so that thuy may bo 
moved about and re-assurabhid, for iustauce by plueing 
two 3 foot coses side by siilo to lianuunuso with a (> fool 
cose, and so on, or by ploolng two coses 0 inches deep 
back to Imek to approximately harmonize with a eosu 
1 fool iloop. Coses should never lie fosti-nc<l bi tho walls 
in suoh a way tlutt when they are muvix) the room is 
disfigured, requiring ra-plosleriiig or rt>-paiiiling A 
lilUo forolhought along these lines will save a large 
]Kirtiou of the funds of mueiNimH wlileb uiigiil be imxI 
for other purposes iiistooil of Isuiig tlirown un tiui junk 

if it is droirable to let light in one or btith ends of tUu 
iiOHC they may bu modu like llwi fnmt and l>ank, Init limn 
cHo must Ihi taken that tho frame is lorgi' ■•luMurh to Itold 
tho scrows tmoosBory for supiKirting any shelves iisisl. 
If a diaphragm is used, the scrows U> hold tlui n'or cor¬ 
ners of tho sluilvos may be iiiserbtl in llie diaphragm. 

These general plans may Ihi variisl, tho cns<'s nuty 
bo made of various heights, wiillhs. and depths. They 
may Isi built with higher or lower Inwcs and lops; or 
again, sliortor cases may ho budl ami plaoisl u|siii lohliis 
or podostals; cases may Ijo su|ior-iiii|Nisisl or hung upon 
a 1^1. Viiry largo oases might Iw iniulo on this same 
principal, by substituting frames with ghuis in idaee uf 
tho wooden sides of tho oases, it being only iicocssary 
in such cases to uarry the sides up and down from tho 
tup and bottom of the fraino in tho same manner that 
tho front and book is oorriod up ami down. If tlui case 
Is so large, os for habitat groups, tlutt il is necussnry to 
have mure than ono frame, a miillion to which to screw 
the frames may be inserUsl Isilwniu tho top and buttuiii 
of tho nose whore necessary, but lliis should nut project 
beyond the sides of the frame. Hy this mnuus tlu, aiiuuml 
of wood nxposod to view is kopt at a niinimum. If 
desired, a molding oan bo sorowed ovor the crack where 
the frames meet, and if fastened to one of tho frames that 
fiamu may lie taken off first in opnning and closing Iho 
oaso, which will save the trouhhi of unscrewing tho mohl- 
ing. 

One of the rimplo forms of these cases, 5 feet wide 
by 1 foot by 7 feet was iflade, with the exception of the 
frame and glam, by two earpentsn, during the tima which 
they Muld lah» bom other work in a singlu day while 


■siisting in rooignniziiig the Rooky Mountains Park 
Museum. 

Tlie siwciflcations which have been mode by Mr. P. A. 
TavurniT to uimumpany this description an for a soma- 
wliat more oumpileated and slightly more axponsive 
case, and consoquently a number of the dimensions and 
inetbmis of oiinstniotion on slightly diffweut. 

UZTSHISL. 

Luniticr —AU maturial in easo to be uf clear, white 
pine, wliitcwood or other material most readily ob¬ 
tainable in locality in clear lengths free from large or 
unsound knots or sluikia. 

All exTHisud work may bu in oak or oilier wood to 
match fittmgs already liislalliNl. 

Bash--To Iwi 1 3/8 iuch thick of conunon spN-k pot- 
terii rails and sly lee 2 iiiclusi wide from gloss to jouib, 
and of siuM os sliowii. 

Tops ond Kiid8--Moy be of 7/8 stuff with 3/8 by 1 3/8 
ini'll reluite along sash jiunh nr may bu built up uf two 
Iliii-kiiesHiti of ,'ij inch stuff. The inner lining Iwing 
of iiialched stuff well emmpod together and blind 

Diaplinigm (to Iw supplied only whoro deeinsl)—To 
lie of 7/8 inch stuff fastened together with flush end 
styles Well imilisl Ui prevent wuniing. All should bo 
covered, both sides with bnrlu]) ur iitlior oovering material 
ur iMtnclisI occonling to dccuralion or oilier scheme of 
iiiuseuiii. Diaphragm to Ini held niiright and in place by 
1 iiii-h by 1 inch by 1/8 iiuili iron angles screwed to top 
and iHittom of case on oither sidu of diaphragm. For 
3-fiMit cases lliere sliould he two pair of siicli angles, 
|4,|) and iHillsiin, anil for d-fmit oases there should lie 
llins! such ]iaini. Diaplinigiiis may Is, moved to any 
sitautiiiii 111 cusn by uhaiigiiig iswiliim uf angles. 

Khiilves Shelves for light siHs-iinens may be supporUul 
by wniw ej'iis insortixl in unils and iliaplirngm or mullious 
us iudii'Otod on drawiugs, liiruiug them flatways and 
allowing them to propH-l enough to engage shelves. 
For histvy N|iiN-imuns, iron brvkcU—slock sizes, or 
SliniHlinsi simcimcii hangers may Inj used wheiiuvur 
niNslisl. If N course burlap is uscil over displuwgin, 
SITCWS limy Isi pul in and n'lnovcd os many limes os 
niNsiHsury without caiiHing diHflgiinng scars on the 
snrfuis,. 

liusu ur Miiplsiurd -To be stock 0 iimh liase of what¬ 
ever dreign may U' desireil and may lie readily ohtained 
at liH'iil InmiNT yani or mill. 

Ends—All ends of coses to jiresenl ixirfisilly flush 
suifnee, so that two or more imses may be IiuIIihI to¬ 
gether to appi'ur us one cose witlioiil unsiglitly or dusl- 
uaU’hing siMws's Ih'Iwihui. 

(?usi>s may Isi made in nmts of uither 1 or 2 sash. A 
i BOsli COSO will then bu just lialf tho leuglh uf the 2 sash 
eases uiid will Imu iiji with them in scries. The sashes 
ore to In) fastened in place by incli brass, round 
heiulud suruws, dnvim tliroiigii tliu sash into the frame 
iMiIiind. With this mcthoil neither locks or hinges are 
ms'UMsary, ami all oan Isi iHiastruoteil by on onlinory 
cnriN’nler withonl siss'iol joinery skill. 

(lUvsH To Ihi of siziis shown and of os good quality 
us prociimlile Tim prineijial funlU to lie hioked for 
iHiiiig color, wnviis, bnbhlus or Haws. 

Rcienliflc Exploration In Central Aida 

H'liiiu Dr. F. lie Filippi the Royal tlisigraphicol Sooioty 
has nsNiived a report on llic journey of siiieiilifli] exploro- 
tiun which he has iMs-n carrying out iN'twism India and 
Ceiilrnl Asia, under the joint ans|>ii-ics uf lliu Ttolion 
and Indian gnvernmimU. The eziHNlitiun has lasted 
sixtiN-n and a half inunlhs, and in tliat time has oeciim- 
jilishisl work of the liigiiesl si'ientifiv imporlanra in 
Niirtherii Kashmir and Hoiilliem Turkestan. Tim 
nuiiiermiH slaff iimlinhsl eiiiiiient ruilian men ot science, 
us well os a parly from the Survey of India. 

From the |Kiml of view uf gisigraphical discovery the 
most interesting result has Ihn-ii the uxphintliim of llic 


ill widlli, and lios an ana cslmiated at over 3(XI square 
miles. 

Tlio expeilitiiin derives its chief im|iortance, however, 
fniiii the systemuliu wiunlifle oliservutioiis winch were 
lakuii at a surics uf fourteen stations established belwevm 
Srinagar and Kashgar. Uy mLaiis of llicse nliscrv alioiis 
lliii gravimetric survey modu hy the Indian Survey 
Dupartiiienl in ihu plains ot llindiistan iius Ihn'ii joined 
on to the similar Russian survey in Russian ('entral 
Asia, and the wliule hus lumn numiis-ted willi the gravi- 
metriu survey of Kun>i>e. 

Itegular meteonihigh-ol aud mogiielic ohservations 
were also taken at the different stations. Ry orrango- 
menl with the Indian Meteorolugieal Department, pilot 
ballimns wiiro sunt up simultaneously from the eximdi- 
lion's stations and from u number of the dopartnieut’s 
pomanent stations; and by a comparison of the results it 
is hoped to obtain valuable informatiou rmpooting ths 
monsoon winds. ~TKe London Daily Telegraph. 
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The History of Opium* 

Facts Concerning One of Our Most Valuable Drugs and its Derivatives 

By David I. Maoht, A.B., M.D.,' Johns Hopkins University 


Jr Uiu vutire iiulvrlu lucdlva at uur OIhimmI were 
lluilLiil lu Uui L-buk-u auti uae of only olio Unis, 1 am 
Hure llutl u srottl muuy, It luit Uie oialurlty, of oa would 
oliuow oiiluui, uud 1 am ooiivliiAxl Uiut It we were to 
Molool, ■«> bait a doxuii of Uiu aioat Imiiurbuit druca 
In tbe l'luirniB(.-utN!la, wo abuuld all place opium In the 
llrat rank. If we were lo liuiulrc, however, Into bow 
iDiioh tbe Krout majority of thu medical mou know 
about Uio blalory of Ibla wonderful product of plout 
life, wlilcb, when Judlcloualy employed, baa proved 
aucb a boon to aulTerluk bumaulty. If we were to aak 
about tbe origin of aouie of our moat familiar rorne- 
dli-H -laudaimm or puntcuric, fur luatauce- -1 fear tbe 
liironuutluii Kleuiied would be lueuger. It U doubtful 
whuUicr It la even gvimrally known that opium, ao 
widely UHcd In Chliui, U nut liallceiiuUN lo that count- 
try, but wua Introduced tboro at a cuminraUrely late 
date. Tbbi were apolotiy enough fur a brief blaturlcal 
Hkcteb eu tbe mibjuct, but a glance at the bbOucy of 
opium niul lla derlvallvea from tbe earlieet time to tbe 
preMuut may teach ui mure. If tUo aim of thu hlatury 
of medicine la not altogetlier the recitation of Inter- 
eallug unecdutea, but rather to traco the progrcaalvo 
developmout of our uoblo art and aclcuce, then la tbe 
lilNUiry of nu utlier drug mote calculated and better 
Utted to llluatrute the grudnul trauallluu from the ob- 
acurlty aiul myaticlam of the anclout Ureok-Apulluke 
or jMilypluirmuey aud kakuplmriuaey to the ratiuuul 
tbcrapeutlca of the preeuut day.' 

KAOLY uiaroar. 

Tbe mediclual pitgierUea ut puppy Juice dale from a 
reiuole |ieriud, and yet not ho far back In autlqnlty aa 
wo mlgbt eipect, fur the earlluat dobulte and authen¬ 
tic referoueva to It are found only lu the Greek and 
Lallu lltetalurcH. uf courae., rvcalllug the myiile rltee 
oud bigbly deve]u|icd culture of tbe ancleut Kgyptlaua 
one la luelliHol lu Imagine that the luitootlc prupertlea 
of i>|iluta were known to them; but the luveatlgatloua 
uf Unger (IbSTj bare failed to truco any uriiaalutauoe 
with opium lb Ancleut Ugj'pt, and Dr. Kmber, uf the 
Houltle DcpurlJueul of Uila iinlverMlty, tella me be 
kuowa of uu reference to It In Hgyiitlan literature. 
AeiMrUlug to nuiue Hebrew achulan, there la a refer¬ 
ence to iwiipy Juice lu tbe lllble. lu Huvcml paeaagee 
in tbe Uld Tcatauinut the wonl rtnih la mentioned In 
cuiiiuictliiu with tbe word la'untik, wormwood or 
iiladiithe (Jcr. vUl 14, lx 14, etc.). JfibiA In thcee poa- 
augca la lu the unthurlacd vcralon rendered bemlock. 
/<(mA, however. In Hebrew la the wonl for “head,'' 
and au It hue been taken by later acbubini tu mean 
lioppy head, uud mu-rink, or Uie Juice of rdeh, ren¬ 
dered by Jewliib lnt4Tpn'lera ua "polaou water,” U 
liikcn lu mean the Juice of the iioppy. Thla Interpreta¬ 
tion Ula well euungh In Hie euiilext, uud further anp- 
|Kin la given It by llio fuel that the lailln fur poppy- 
licailH la i-iipulu. I’ruf. Hanpl la eoiivluced that riik 
nieana the jaippy, uial ao iilau la I'ref, I'oat, who la cuii- 
Hlilend an iinlhorlly on the lluru uf I'uleallne. In tlie 
Tuluiud »c have one reference lu opium, under the 
nuuie opAion (Jcniaiileiiile I'nluind, 'Tr. Abudnh Zarah, 
4tia), but that word niia dourly burrowed from Greek. 

Ill regnrd to Hiiiiakrll. I'nif. M. HUaaufleld of the 
■Sauakrlt deiiurlmeiil uf Ibla univeralty tella me that 
opium la not at home In India, and au lu the chiHlcal 
llliidou Illemlure (Urubiuuulcal, lluddhlat, Jlulet) 
lliere la found no reference lo IL from tbe lime of 
tlu; Mugnl Ooiinuoat on them aivean a word Kkank- 
kkank wlilrh meeiia pappy-a<<e(L end Kkauk-kkatka- 
rimn. Juice of the pop|iy. lu thla It la tmay tu recog- 
ulxo uur modern wimkI kanklnk; and au It acema that at 
tliHl curly dale the iiarctillca ophim and caniiahla Indlca 
were iiinfnaed with each other, 

In modern Saiiakrit Icxlcona Ibcm are found tbe 
iiuuica aphena aud nhi-pkina apidled tu opiom; apkena 
airlctly mcaiia "fuum,” and akl-pknu, “aerpent'a foam." 
As IliiiHc wonla for opliiiu do not ownr In any literal; 



■ In tha prcpaimtloB of tbla nunuaciipt tho foUowlag aa- 
Ihurltlca harp taMB fmiupotly ranaulted tIplHlar and Uin- 
Icr; Brat Mueyolo|Millu dcr Itcaamiulpn Fhamiaela, 
lliail-lfUll. flleklacr and llanbyry; FtaonaacemphUl or 
llUtory of Uniii. 1874. lUiv; New UeiimHia, 1870, p. 138. 
JuBoa, Jotao: Tbr Uyptprim of Upturn Bcrwlad. UiDdoB, 1701. 
Uuanechl: Blafauruna In daa Htudlem der AlkuloMp, Barlla, 
IhOO. ThomiMOD, C. J. g.: Tba Hyatary aod Bamaace of 
Alcbaaiy tod Phinuai-y. 1HM J>>ftpja and Maiwpll; Wa- 
MUH of I'hiBa, IPUU. 


ibaiuiueiit. Dr. Itluumileld auapaola that they an tbe 
Mugibib uirium “aoiihlallcsled by what U known aa 
laipiilBr etymology.” 

The original b<ime of the poppy waa In Aabl Minor, 
from there It wai carried to flrnece at a later period. 
The nonm opium la derited from the Qreek 4x44 or 
“Juice.” from tbla word were biter formed the llabnw 
opkiop already mentUmed, and men partlciilarly tba 
Arable a/-|NM, which baa funnd Iti way into oGier 
Afdatlc laiiguagan. Tbe Chlueoe nama for the drag 
o-Za-waap (and Ite mudlflcatloua yo-pfciK and opkn) are 
not of natlTe origin, Imt are all derived from the Arabic. 

It bi nut at all certain whether nippocratae waa 
acquainted with tbe Jnloe of the poppy. According to 
Tt’oetton, be refeta to a onbotance called aioooit, tu 
which he attrlbntee a purgative oa well oa narcotic 
uctlou. Home think that It waa opium; otben beUeve 
that be waa referring tu anotiier iilanL In any eaae, he 
iiuide but very little uao of the drag. 

Tbe flrat aulbeuUc reference to the milky Jniee of 
the tagipF we find by Tbeupbraatne at the heglnnlng 
of tile third century B. C., when he apeaka of it aa 
pipiAvim (nunonlon). 

Herlbonlui largna,* In bin “Compoeitionea Mtdiea- 
meiitorum,” about tbe year 40 of tbe preecnt m, de- 
Hcrlbea the method of procuring opium from tbe cap- 
aulee of the poppy, and about the year 77 of tbe ntme 
century IMOBCoridce makea a dlatinctlon between the 
Jtiioe of the cu^iaulei which he called 4«4( and the ote 
tract of the whole plant or pqxdMlov, vhioh he regarded 
oa leu active. He deecribu the method of Indalng tbe 
caiMuIca, and refere to adulieratlona of tbe drag with 
the milky Jnicca of other plauta, aneh aa Lactnea, ao 
thut from bla aletementa It la evident that the coUec- 
tton of opium waa quite an Induatry In Aala Ulnar at 
that time, lie nlao deacrlbea the preperaUnn of a ayrnp 
of pupplea or tHa-koAton, whldt la tbe uriglmil ot the 
ayrnp of impidea of the Guniuiu and other pharma- 
eoiH'hia t« thla day, 

I'lliiy devotee some apace to a ileecrlption at opium 
Hinl Ita medicinal luie, end tbe drug la mentioned ro- 
iwntcdly oa lactima poyavarit by Colaua in the flrat 
century and by iiumeroaa other liBtlu writera. Galen 
Hiaike eulhualaatlcnUy of the virtoea of opium contec- 
tloiiN, and the drag waa aooa ao popular in Boma that 
It fell Into the handa of aiiupkccperi and Itinerant 

The Introduction of the drug to the natlvea of the 
hhiat wua Ibroiigb the Arabs, and In the flrat luitancc 
to Fcrata. Its Introduction Into India seems to bare 
Imm connected with the aiireed ot Uotaammedaulaui and 
uiiH favored by tbe Uoluimuiedan prohibition of wina 
The Arabic phyalcloua naetl opium very extemdvuly, 
nnd even wrote apucbil treettace on some of Us prepe- 
nitloua. The moat celebrated of then, Abn-l-all-lbn- 
Nlna, moru euniinonly known oa Arleenna (IM4-1US7), 
reciiiiiuiemlul It ea|ieelally In dlarrhon and dbweaea ot 
Hie eye. Avlceiina hinumlf la aald to have met dratb 
from nil overduee of tbe drag. Merapio (about lUBO) 
naed It fiocly, and Malmouldea aud Averroea eacta wrote 
H treatlao eoiHvrntiig the tbcrlaca, of which 1 iliall bave 
nincb more to any a little later. 

The earliest mention ot opium ns u prodnet of India 
la hy tlie traveler Uarboaa, lu bis deacripUtm of tbe 
Malabar coast lu Hill. A Fortuguoae UatorUn, Pyreo, 
In a letter to HbuuhL King of Portugal, In HUS, vanka 
of the opium of Hgyiit and BeogaL It Is from Egyptian 
Thebes that we bave the torma ''opium tbebalcum'' and 
the alkaloid tbebala 

Hidiim ii suppoaod to Imre been hrought to Obhia 
llrat by tha Arabs, who are known to bare traded with 
tbo Hoiitbern parts ot the empire as early as tbe ninth 
mitory. latter the Chlneee began to hnport tbe drug 
111 thidr Junka from India. At that time It was used 
by them excIoalTely as a remedy fOr dyaentery. It waa 
nut liefura tlie second half of tbe elgbteeiith century 
Hint the importation of otiltun began to lucreoue rap¬ 
idly throttgb the bonda of the Portngnese, and a Uttia 
later through tha famous Blast India Company. In 
INTO the Kngllah e rt a MU b n d an oplnm depot in Lark's 


king (1842) Iv wbieb flra porta of China wera opened 
Pi foreign tra^ end In IflOS opinm wae admitted ea n . 
legal artkte ot ^nnmerae. by that tinm tba Tlee ot 
oi-ium-amoklBg had ipread like a plegne over tha glguir 
tic emidre, and became lO deeply rooted that. In tptta 
Ilf iunnmetable edicts and decrees, ell efflorta to cliedi 
Ita growth have been powerlese. A poor ewt of lUa- 
Hlonary work Iv tbo enligtalened Wem aaaong the 
heathen Orlmitalal 

I ehaU not vend hers any more time In tracing the 
hiotory of oplnm in Ohlna, or In dwdllng on the hw- 
run of tbe o{dnm baUt, with Iti frlghttad coiMtIpattin 
and even more terrible dlarrhan, aud the idiysioal and 
mental deganatacy to whlCh It hmda. Our ohieet la 
rather to follow tho use uf opiates thenpetttleally, and 
in Ifnropa 

Hlmm tbo time at Galen, tbe use of o|dam was eon- 
tluued In a dlagnlaed form In various nmcoctlons and 
cunfecUona Mmtaliiliig ao many Ingtedlenla that the dla- 
IlnctloD between the Important «nd nseleaa ooold not be 
dlacuvured, aud tho value of the drug was overlooked, _ 
except by a few brighter mlnda 

Tbe famous pbysidan of the middle ages, PblUppna 
Aureolas Tbeopbraatne Boobeat von Uobenbelm, com¬ 
monly known as Paracolana (148O-UM0), owed much of 
bla ancceas to tbe bold wiy In wbkb he admlnlateied 
opium to hlB pntienta. Ho is said to have canted opium 
la the pommel of bli saddle and called It the “atone of 
Immortality.” Ula foUowen were is entboaUetic ea 
hlniaelf over the virtue of opium. Platerua ot Basle In 
lUtG strongly recommended It, and Sylvliw de la Boai a 
famoua Dutch pbyslciaii, declared that without oirinm 
ho could not praeUce. Tbe celebrated chemist and 
phyelcian Van Uetanont, about )04(k need it ao fre¬ 
quently that he woe culled Doctor Optstna, end Bydea- 
bam obout 1680 writae that "among the ramedlee which 
It has plMHod Almighty God to gtvo lo man to relieve 
ble anfferlnga, none la so uulvpnal and eo eflkaclaaB os 
oidum." 

'THB raci ovnnnAL OAraAui 

No better lUnsIraUon of tbo widely benelloent prop¬ 
erties at opium end at tbe eame time oC the hopelese 
muddle of BupentiUoii, kahopharmacy and polyphar¬ 
macy pervading the older materia medlea and then- 
peuticB, can bo given Uun by a brief deacriptton ot tba 
four remedlee wbicb ere sometiniea known as the four 
olllcliial capitals, of which Wootton,' In hla “Ohraalctoa 
of Pbarmaey, soya, "Tbero were writera who veutnred 
to criUHse acme of the details of composition, or aome 
of tbe usee made of these com p ounda, bnt tbe pomlbll- 
11} of medldno exiatlDg without them was hardly eon- 
templotnd Ryevlous to tbe elgbtaeDth century,'' These 
four staudbye or penaoms were tba mMrUalimm, 
tkerlara, pktkmiam, and dlescordiaiii. 

Mlthrldatlum wu a confoetlon whicb derived Itn 
imme from Hltbrldatee VI or tbe Orest, king ot 
Puntiu In Asia Minor, bon about tbe year 1S4 a U., 
who woe one of the moet troublaaume foee the Roman 
Itepubllc had to deal wttb. He was Anally defoated 
liy Pumpey. This pereonage Is Mid to have been a 
Hindetit of potions, and waa aocredlted vylth bating 
liiYmtcd or ooneocled an alexIphaTmac or antidote aa 
a proteetteo against them, whldi was named mitbrt- 
datlnm after blm. The legend goes to My that when 
couqiiered by tbe Bomana, to eacape capture be potevaed 
his wlfo and danghtm and then took polsoo Irtmsdf; 
but accordliif tir tha story be hod ao suecesafuny tan- 
mind^ bk body to all eorta of pMaona that hla efforts 
at snldde proved numoeMefnl and ha bad to sail ou 
one of hk eoldlen to dbpkleli Urn. Henoet tbe origin 
of tbe term “mlthrllktkm” or lmmuiiteatl(iti,.afalimt 
tbq effects of a pekon throat gradual admlnklratlod 
of omill doMs of It' Aa &a Uag of Ponthg waa aocfeO- 
Itvd with havfoc poMCMSd av«dil alft )ii Ihe pradpfl: 
^ of medldnut hk eonqvenir, Iftmtr, took eask tp 
rauMCk bk madlaal writings and Mean whatever bd 
could. Thua, wbatlOT foen MKhrMatas or n^ g 
panacM bearing bk buna foohd Ua «ay Into kiMMUi 
Utemture and beesnie vary pepuUr. yaykaB iwMIffik- 
dona of tt were kter made, Ike koet lsnscfhiit.,i^ 


Key. south uf Macao, and tbe traflic rapidly locnaMd, 
so that very iwoo the Oblsene authoriUee bvan to earn- 
plate, and in 1820 an edict was tesned forUddtug say 
vessel having upturn ou board to enter tbo Oanfon 
River. A oystna ot coutrabud followed, timn pelWeal 
friction between Bngkiid and China, and tha WKSdasd 
Opium War, which eulmlDated In the Truly ot Mia- 


whidi wu tbe afr4mned thsriada. 

Tberiaea ma luented ly Aadieufll^-tke 
ekn ef Bl ig p i nr Wtro, and wu dariflad u sv'lMr^ ~ 
meat tu a^tlBWtt%ar thebL iwig 

antldote te Bogun pkanuoT. TW aote iuputeiit 
dUtecemw beMom tlM.teu wte Ihb MdWgfl^df ybMilIk 
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vtjrtpm fl> PUMW wm m ftHkiriBg: 

nwto polMw pod TfWwM bttw, onrci InTat- 
«c««i wtifOk d M fn m apoiilcav. 

dbMMi oCiliW, loM of me*, MtbMi. ooachs of aU 
Hlfrtin et Hood, HghtTM— of bnoih, eoUe, the 
^ pHtao, jMBdieo, hatdiMM of tho oHaHi, stone, 
ttriMiy euQpUtato, Csfsn, dropaiei, lai^aHH, the tron- 
blsd ^whkh wouM ant snUset. meUudMly. and aU 

tbqeik all this mair seeni a bugs iohe, all thaw rlr 
tnte wen accepted dowu to the Mvenleeuth CMitury, 
asd Haay learned tnadaea were wrlttPii on tbe anb- 
Jeet Vor aome csutnrlsi rarloos dtlea, snob as Ooih 
BtandDopK Cairo, aanca, and Venire, gained tbe envi¬ 
able ngntatlun iit mannlbetorlng the most eOloiont 
tberlaea. Later Vonloe ovenhadowed them all; and 
tbe Veeioe tbarlaca, or as tbe word becanie corrupted, 
Vmloe trsooie, was for a long time famoos, and is 
ftmnd In tbe London Pbarmacopela as late aa 1740. 
Onr pteeant word "treacle” la derived from this con- 
fiellad; la earlier Ungilab works, however, treacto slg- 
nlflsd anefc more than molamea, and was used meta- 
phorleaHr tor tbe dlvtnest bleaalngs. 

I am DOW going to guote the liigredloutM ut iborlacn. 
as given bj Ual^ drat to Ulnatrate the curious cuii- 
ghjoeratlon of an enormous number of uhcIcmh druKs, 
and soeondl): to imlnt to the presence iu It ut opium, to 
wbleta probabijr a great part of Ita vlitUM was duo. 
Tba Ingradlenta of this, aa well ae of mlthrldatlum, 
were given lu Greek vcmo. In order that tbey might be 


BlauTOAlnill niBIlACAIJt MAOntlM. 

“Boot of llorantine Iris, licorice, lii onucni cocb; of 
Arabian coatna, Pontic rhubarb, duguefoll, (I uuuoes 
eaob; of lilgusMoom tneum, rhubarb, gentian, 1 tmiioes 
rai-h; of blrtbwort, i uuia-ea; Iwrli of sitinlliim, 12 
••anees; of lemon gnss, borebouiul, dittany of Crete, 
cttlamlnt, 0 ouncee eneb; of pennyroyal, ground pine, 
germander, 4 oanrei eech; leerce of liurus aisala, 4 
onnoea; flowera of red roaes, 13 onncoa; of lavender, 0 
ooocm; of dt John's wort, 4 uuuces; of lemr ceutanry, 
2 ounces; saffron, 2 onnees; fruit of amyrls upobalsa- 
mum, 4 ounces; ctunamun, 12 ounces; cassia llgnca aud 
spikenard, 0 uniiues eudi; Celtic nerd, 4 ounces; long 
inuper, 24 onneea; black laggsY and ginger, 0 (luucm; 
esefa: cardamoms, 4 uuucea; mpe seeds, agaric, 12 
uunoea etcb; seeds of Macedonian parsley, 0 outasw; of 
anlae, foouel, ctiwa, aesell, Ibkapi, aiminiam, saialwort, 
4 onncee each; of carrot, 2 ounces; opium, 24 ounces; 
opobslsamum, 12 ounces; mirrb, ollbonum, turpentine, 
0 ounces esch; sturax, gum antde, mgupennm, 4 onnem 
each; aapfaaUum, opopnnax, galbonum, 2 ounces eadi; 
Juice of aeada aud ut hypucbtl, 4 ounces each; rustor, 
2 ouncas; loanulan bob’, caldiied rltrloL 4 unnCPM each; 
trachlsci of squill, 4K ounces; of vtiiers, of sweet flsg, 
21 (smoes each. 

"Trttiinite the baleama, realna and gums In n sulll- 
rlent quantltT of wine to form a thin paste, and incur- 
pomte tbe whole with 060 ounces of huuey." 

PbUonlnm was another ftinioua antidote. Invented by 
Phllou of Tarsus, who Is suiqsised to have lived In the 
early part ut tbe flrst century of tbe preaent era. It 
is conjectured from au obscure pawagu lu riliiy that 
this antidote was preacrllted against an epblenile of 
colic or dyenitery which occurred In lionie In I'hllon'a 


lime. Phlkmlnm was tbe original of the ciiiifeetlou of 
opium which remained In the Kiigibih phannacuiielas 
mitll 1007. In the Phanuacupel rs>ndliH>nNls <if 1740, 
the Ingtedlenta of phllonlum are given aa follows: 
white pepper, gtoger, caraway seeds; strained aidam, 
and syrup of popples, the proportion of opium being 
1 giuln In 80 gnina of tbe contMtlaii. 

IXasoordtiua, tbe lest the four oOlolnal capttula, 
wti a modlclnal coatpUatloo by Hleniuymus rraaeator- 
iua, a laiiMi pbyaMau and poet of Veruou In the eerly 
port of tte aUtetuth eeutury, and Is given In bis book 
“DdCMHgloet MotUsOonHglaBia” It was orlgliwlly 
devlaad M a pwrendve of the i^gna, In the elgb- 
teentb c^iitary It henenis a piqmlar hmiselinlrl oiilate 
and wms traqoMtly given to ehUdren tbr aoolhlng par- 
poses. o^nal fomiilB, which was aduided In tbs 
0rM Londim Pturmampela In Ita Integrity, mauUooed 
among MS principal Ingradlenta rinnamon, cassia wood, 
■eordha, dlttaiqt. galhsiiui, atorax, gum arable, opigsi, 
aoerel, iiotlaii, Armenian bolm Lemidan rarth, pepper, 


ginger; and bonay. Later oome of thslugredleiits were 
dinppH^ add the Bdlnbnrgh Pharmacbpeb made It 
more agMpvMby adding entaobn and kino. The num- 
jkM rWhtnl at (hit thmona panacea are repreaeated 
Ostechn Oompoattiif. 

" ',M*i»’»niis er anew, 

'hib-; il i )^i p >ijl ', ppw<|Msn. f' entedin and Une Just 
madi|j^!;gg|;:iM''% edy iHien of andeat opliim 
Bfi^lMlIffiti'.fWaalnlBf In the SrltUk and eu own phar- 

b^^i^^^^P^V^^>tiili|ne'«atfacllim, and It 


may bt e< Intareot to devote a few wo(& to them at 

tUa plBoe. 

Onr Unetue of opium or landannm dataa from 
Fuacetana (1100-1841). Paracelsai probably appUed 
the naam "Uudaunm" to eoveral atetUeiiaai, all of which 
contalneil oplain. This uue hislorlan deecrlbes a pill 
mum wblch be deelgnatod aa laudanum ut Ikncelsuii. 
and which constated of one fourth of Us weight mdum, 
to which ware added henbane Jub'e, mummy, salU of 
pcarle and corals, bone ut the htwrl of a stag, benar 
Htune, amber, uiuali, and eaaeiitbil oIIh. 

Anotber laudanum, known as iiiimly'nnni siiocinciini 
u( Puracelsua, was obtained by digmtiiig opium, with 
orange and Icuiun Juice, ftog'u siierm water. cliinamAn, 
cloves, ambergris, and saffron. Ho mucli for llie more 
aucicut laudanum. The laudanum of the early liuiiilou 
libarmacopclas was a |dU mam, made of ii mixtiiro of 
opium, wine, saffron, caatorum, dlambrae, ambergris, 
muak, and oil of nutmeg. Tim priiiilisil Ibjuld pn>|ui- 
ration of oidum mmd in England u link- hiler wiis ilic- 
so-called Hydeiiliaiu'a laudanum. Tbe formula waa given 
by Hydenbam lu Ms work on dyaoutery In 1000-11172, 
mid called for tho following lugnslIeiitH: hUuIihsI 
oldum, oaffrun, clunamoii, clovor, and raiiary wlim. 
About tbe uuie time, tlmt la, at tho ciul of ilie seveii- 
tcciith century, miuther prepaniliai kinmu us Hous- 
seanV luiHlaniim was iuih’Ii In vogiu’ on tlie I'oiitliieiit. 
Tills illlTiTcd from the other laodiiiium lu being n fer- 
meiiteil eumiuuiid, and was mimtsl after o Oapiirhlii 
monk by tbe name of Bonsaeau. Tills boly mail was 
sent from Home to Parlu to learn inislleliie iireisinilory 
to inlssluii work In iVait, but lsH.simi’ eiiuniored with the 
subject and sotlioil lu Purls lu pniHleo tliii art of liisil- 
liig. He IwcuiuH a fuvorlto with (kilbert. the mliilsti-r 
of tsiiiU XIV; rooms and Inboratory were iirovlilisl for 
lilm In the Isnivti’, nial Louis ordered the Facoll) of 
Medicine to give him n degree. 

The name "laudanum,” ntlrllmlcd to I'nnieelNus, Is 
supposed to be derived from the Isitlii ‘‘f««duNi/am,” 
“somethlug to lie pralseil.” Aceunllng to some phli- 
ologlstg It is retateil lu gum labdanum or luihinum. from 
which a alisuaeUle eiirdlal was prcimrcd lu lliu udiUlle 
agwi. (Hbera reganl It as an ubhntrlathm of the two 
wurda laudalum opium, Htlll others endeavor to lliiil In 
It n <sirrii|itlisi of the word auuipuuut with tlie iirlli-le 
tiredx, that Is, rotuMlynum, or Ihr. anodyne, and some 
latter dny pitnslers humor«iusly refer to It lu bad Isilln 
Jionia won/ "do not praise,’' wliieb conveys more truth 
than poetry. 

In tho I'arly purl of the eighteenth century miighi'r 
ci’letirated ophite was the siKnlled ''blneh-drop.'' Its 
Invi’iilor WIIS one Pkiwsnl Ituiistall of Aiicktaiid, and It 
wan also known ns lainnister or Quaker's Ulnek ilnni. 
A formulii fur lls preiwrutluu was us follows: Opium, 
% pound; verjiilu’, 4 idiits; nutmegs, 1)4 ounces; snf- 
frou, Vk ounce. Boll, silil two siwonfnls of yeast, anil 
net lu a warm plan* for alx to eight weeks; tbi’ii decant, 
filter, and put In tsilllea This pieiairatloii wus Uin-e 
ttmea as slnnig ns luiHliiiiiim, and la the forets-ar of tlie 
Eiigisb Aoetum 0|dL 

Our other fuiullliir friend and iMipuliir hoiisiiholil 
awslyne, paregoric, originnied with tlin elixir nstliiuiill- 
euro of Lc Hurt, prufenaor of choinfstry at the I'nl- 
verslty of Is-yitou from 17l«2 to 17I.S. A modlflcnlloii 
of Lu Hurt's forinnla gheii In the lAiiidon Plwrinii- 
ciqiein of 1721 hum as fullowN: honey unil lleoriie nsil. 
of each, 4 ouiiees; Howers of iM’iijniiiln noil isduiii, of 
eiirh, 1 dnirliin; eampbur, 2 scniples; oil of niilaissl, 
% dniehni; salt of tartar, 1 ounce; sidrlt of wine, 2 
islands. In Iho Lcaidun pharmiiisiiielii of 17411, llie 
name of it wua cimiigod to Klixir Paregorleiim. In 
that of ivw llie ejnclal iwme became Tlimliini Oil 
('aroiihoralii. This preimnitlon wus also known as Tine- 
luru I'sniiihunie Co., oiid In the tiernmn Pharmacopeia 
as INneture OpU Itensoica. The woni "Panworlc'' comes 
from the OveeU wli oh menes " wsitbing " or 

"consoling.” 

Our uHlclsI opium pills, or PUulne Opil, are not n 
wodem product, bnt are descended fnnn the old Eng- 
Ilch Pllnino Hoponls Oompany, or Pilnlae .Soponaevue, 
which III Ibclr turn nn> iiii nilapbition of tlie lisig fn- 
mooa insdriim known ns Matthew's Pills or Ktarkry's 
Plllo. Hlarkny was a iibyslclan who Invented Iheni, and 
Matthew was a vender who sold them. The iillls enn- 
sbited of opium, snap of toTlsr, and a number of other 
trivlsl Ingredients. 

No nceoniit of the history of onr opintes ran ho snld 
to ho compleie without s referi’ncc to Ihivei's powder, 
him] Its originator, tbe adventurer and knight errant of 
English nmUcinev Tbonss Hover. I aball not dwell 
king on tbe life of this intoreetlng Individual, espe¬ 
cially aa an accoimt of him by Utlar* baa already been 
inbllshed. Born at Barton on tbe Heath In Warwiek- 
sblre In 1080, ha atndlad madldne, and In his youth 
lived at the house of tbe famoos Thomas Bydcnham. 
Many have probably read of how be later Joined a 
prlvataerlog party, and led a Ufb of adventure, nam- 
' OshT, W.; BaU, Jsbw Uapfeliii Bavi^laMir va 1. 


Ing iroimd the world; how the ship In which bo waa 
aalllng rescued Alexander Helklrk, the man who lived 
alone on au Island for over four yrars and who became 
tbe prototype of the famous Itobliuioii ItniMs-. When 
hr returned to London and seltloil ilowii to practice. 
Dovw* wrote Ua “Ancient Physleiairs rA:gney to Hla 
Country." in tbla work, In tlie elmpter on g<nil, he 
gives tbe recipe for hk "dluplion-tU! isiwHit" In the 
folluwing words; 

•Take oiiliim, 1 ounce; saltiajler nial tartar \Urlol- 
iileil, eiieli 4 ouiiivn; llqiiorliv, I iiioice; l|si-iii-iiiiiiliii. I 
mince Put the saltlieter ami tartar Into ii red hot mor¬ 
tar, stirring till they lure done flumlng. Then |s>hiIit 
very flue, .\fler Ihul, sllee lu your upliini; grliiil to a 
IHiwiler uiiil mix. lt(sa>, from Pi to (10 or 70 graliia In 
n glasH lit white wine |H»wel, going to hml, covering up 
wuriu, mill drinking ii i|iiiirl or three pints of the ismsel 
nhlle HWisitlng. In two or llins’ hours at fiirlhesl Iho 
lailleiit will he free from imIii." 

Tills will Niiflk’e for llie isiiiiiiiniier ii|iliini |in>|sini- 
llons. 

Is’t ns now turn from Mils region of iilinrniiin’iille 
rmiuinn-, siiiSTstllliHi and iiiystictsiii, lo some of the 
tiehleveiiienia that ehnnieteri»' llie iiliiiriiiiiey’ of the 
iiliietis’iilb eentiir.v, and whieli mark llie iH'gliiiiliig of 
nilliiiuil theruia’iilles. 

.\s Is well kiiiiHii, Ihrougliont the middle ages It was 
llie gn>at Ideal of all cheiiilsis, or rather iileheiulsls and 
phunnuelNts. to seurcli after esseiiees, or iiiiliilessenees 
of Ihiiigs, after the plilliisoiilier's alomi, the elixir of 
life, ele., and It Is natural lo tliid that of all issinkr 
drugs niilum should Im> llie oiio eMia-elnlly tortured to 
give lip its i>sHenn’. Therefore the Mirloiis Imidiiiinnis 
mid extracts of opium, iiiul preisinitlons known ns umg- 
Isterla opIl, were imsliiels of netlrlty exertisl In that 
(II net I. 

Towiinl the end of the elghtiviilh ceiidiry It wus a 
universal MIef that plants ennid elnixinite prislmis nf 
only an aetil nr iu>ulrHl nature, iiiiil Ihul alkulles were 
sniMtiiiiees of a very iliffereiit ehiimeler, relalisl more 
te the metals nisi VNlilldllng iih’IiiIIIc iinqMTlIeH. It 
was not until the Isviaaing of the iilnetiH’iilh (s-nliiry. 
with Die dlseuvery of Die iilkiilolds. Dial Dlls eoiiee|i- 
th’ii was shallensL and It Is slgnlllranl Mint the llrsl 
iilkiDold to Ik> lUsisiiensI was the chief nellve prliadple 
of opliiiii -moriihlii. The honor of this e|ss’h-nmklng 
dlsisivi’ry lielongs to a lieriniiii. Prlislrleli Wlllieliii 
Adam Helillrner. Serilirner nas Isirii July IIIDi, ITKI. 
Ill Paderlsirn. He Iss'iiiiie an ii|MiDiis*iiry und elienilsl 
at Kliilicek In Hanover, lieruiiiny. where he did his iriiMl 
liMlsirlaiit work, and moved Inter lo lliimelii, where lie 
dlisl, Kebniary ’JtlDi. isll 

Hertllnier iM’gau his InvestliniDons of o|diiiii In IMCI, 
mill pnbllslied Die llrsl reisirt of Ms studies In IMtl, 

when he ... Ids illseovery In oplimi nf nil acid. 

OpIum-PoNrr, which he liili’r iinniisl ‘ meoonie iicld.” 
and wlileli he ex|ilaliiisl was eouiblnisl wIDi iiii alkii- 
llne Isise wlileh he eiillisl ninrphluiu. In a sisssid mm 
minileaDoii, in 1N|i>. he gave a deliillisl iieeoiilit of Ids 
work, and described Die ehemletd ns well ns Die pliiir- 
niiiisdogle |iro|a>rtles of nior|dilii. «Ideli he li-slisl oiil on 
himself, iinil enme neiir losing Ids life. 

"I fliiller in,viielf." he wrole, "Ihul eliemisis mid pliysl- 
rhiiis will Hull Unit my olHs-niilliins have evpInliHsI to 
a miislilenihle exieid Die (siasDIiiDoii of o|dnni. mid 

nude) and wllli n new iilkalliie luise (iiiiinddiiiiii. a 
remiirknlde siilistiiiiee wlileh shows niiieli niuilogy wllli 
aiiiiiioidii. ' Hertllnier's illsisivery i-xellisl so iiiiii li la- 
len-st, anil Its lni|sirtiinee was rei'iinlisl as so grenl. 

Dint tn IKII Iho liistlintc of ... nwiinhsl In him a 

prlxe of 2.(NIU francs "for liiivliig ■■|h-iiis1 Die way to 
liiiiMirtiint luisllenl dlsisiierles,’' 

Next lu lui|Nirlunis> In nioriddn In |si|id of i|iiiiiiDl.v. 
the opliiiu alkaloid iinmdlii was diseoiensi rrsilly Is-- 
fore morphia, hi iwn. liy Die I'reiieli plmrinHClst 
rSTosiie, who olilaliied iryslids of whiil proied lo Is' 
iinTeulln while diluting a slnipy niiiieoiis eMniel of 
opliini. Tlii'se erystnis Issnine known ns »,■/ ifn/dHia 
of Hernsiie. The Isisle or iilknloldal elnmieter of Ds‘ 
lHid.v. howeviT. was not mlnbllslnsl iiiiDI |siT by llobl 

same Roblquet was Die illstsiverar of Die next very 
tmportant opium nlknUiUl luiimsl isslela. In isiu Tlw' 
discoverer of Die iii'xt o|iliim iilkiilnld was aiioDior 
lllilsIrliniH chemist, .laseph Ihdleller. whos(> name Is 
hindllar to iis from Du- iieihe iirliielple of male fern, 
is'llellerlii. Pelleller was Isirii lo I>arls In 17S.S. and 
dlisl there In IK 12. A son of an ii|sithisnry. he was 
from Ms earliest days eiigiigisl In ehcniicnl and phar- 
nincentir studies, and later Issxiine ii dlreelnr of the 
sehinl of pharmacy In Paris. He was the llrsl to Iso¬ 
late a krge iiiiuiher of alkiiloida. In 1ST2 he dlscor- 
ered the npliim alkaloids nareelii mid oxymorplilii. and 
In 18811. with ThIboumCry, anolher alkaloid, thelmln. 

• Dorcr. TlKUnas. M.B • The tadiint Phyrirlaa'i Ugiey to 
Ilk I'oantri. Laadaa, IT«. 
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I'vlIcUer ww aliio tho dlacoverer of atryduilii, and 
toKullier wlih Caveutou, ot brugln, qnliilii, and cUn- 
vliuiilu, tiucUior with BtaiemUe at Um at pioaent Intnr- 
I'tiUiiK L'luuUii, toKutbor with Ooirlol ot arldii, togatber 
Hllh ThllHiumC-ry ut iwendomurphlii, togctlier with 
CouKrliu uf plcruhixlu, uud together with Pelletan uf 
berherlu. ijliice bla Uiuc uplam hua become a nldna fur 
u large number uf iilkalolde, uud promiueu to yield a 
Tew mure. Up tu the prcueiit, accoidlog to WlDtemlelu 
uud Trier,' opium hue yielded beeldae protelii bodicu, 
Mugur, gum, reuUi, uullu, and organic aclde, tweoty-twu 
dUterent ulkululdu uf which the following le a Hut: 
luuriihln by SeriUruer In IhIM; narcotln by Mobrluaet lu 
LMT; UHlelii by Uubrlquul uud uutcciu by Pelletier In 
I.SX!; IliebHln and pueudumurphlu by Pelletier aud 
'I'lilbunuiAry In ISIS; papaverlu by Merck in ItHh; ciyp- 
tuiilii In ISST; uiiinu.-uplu In 1S7M uud luuthalln in IbUl 
by T. und 11. Smith; cuduudn, luuduidu, mecuoldln, uud 
liirjtiKJidn by llcuuu In 1S7U; biudiinoela und hydrocu- 
Ijii'iilii III IS71, uud pruloplu lu lit7l!, uluo by tbo uame 
liiM-Hilisutiir: uxymiraiUu, by Uvchelt and Wright in 
l^7^>: IrlLuplii by Kuudcr lu IbUU; luudanldlu by Ileuau 
111 IMIJ; und luut, pueuduiiupuvurln und papuTerumln by 
llie suine nuin lu im 

IlcMlden Ibu prliuury opium ulkululdu, a large unmber 
of ilerlvutliin uf ILem liuve been mudc, which we need 
not eimnieriite here, lift luu but mentluu apomorphin, 
Iipucmlelii, lienilii, dloiilii, und peruidii. 

All thew- i-huiuleal liiiUvlduubi huve bevu anolyied, 
their emidrlc furmulau eutubllubud, uud an attempt, at 
leiiut lu CUM! of aume uf them, Ima been mure ur leva 
Hucccuafully mude to determine their utructare. Along 
with thlu chemical wurk, which furum ono uf the mtut 
brilliant chupLeni uf iimderu chenihitry, a gruut deal, 
though by iiu mcHuu comidHe ur KuUtcleiit, phyalulugic 
und pliHrinueidoglc work huH lutm done with them. 

Only wllhiu the hiut few yearn, the work uf Straub, 
Kuaiit, HUrgl, Huhll, and utlieru hue marked a aUll fur¬ 
ther Hlep lu our kuowledge uf Ibdr Lhcrapoutlc prop- 
ertlcu. Tbrae authoru huve Hbuwii that uut uuly have 
Hie vurluuH otiliini ulkululdu Individually dellulte plmr- 
uiHcologlc ueiloiiH, but Ihut aluu ullll ulher effeclK cuu 
luj pniduucti by combining them wllh ouch other. 

'J'liuH, if wo truce the hlrtory of oplnm from Ita 
nurllcat beginiiingu tu the brilliant rauearcboa of recent 
yeara, If wc bat cumpero the analytic and uyuthetlc; 
chimilcul, ptayulologic, uud pbarmacologlc etudleu of the 
HUme eld drug with the fautoutlc ami puuille effuilmM 
on Uie Bubject of uur meillcal pradeeeaaom, wo cniinut 
help being ImpreuHed with the long alrldee forward 
wbicb miKllclue bau mudu; yet, on the other baud, uur 
very lecuiil Hludlmi on oidom and ita alkaloidu uerve hut 
III emidmulxe the more uur meugcr knowledge ef the 
MUbJcct und Hie hHH greater took beture uu. 

Coal SnbaUtutog* 

Uae of Chalk Fael and Peat Wopoaod In Eaglaad; 

Ir coal remain at a pruhlbltlvo price it cannot lie 
exiwtcd that, after their preuent coutractu huve run 
out, the Hupidlera ot gnu and elecarldty will coiillnue to 
let UM have Uiew eHseiitlalu at the old price. Already, 
In cerliiln liiUUKtrleu, It lu being found chcaiH-r to uuc 
some other Hourer of power than coal, and tblu lu a 
leinleiiey lliul will liirreaue au long au the price of coal 
Im r^liig und Hint of gua und electricity ramoluu itu- 
I binary. It 1 h a tendency, however, dcaervlng of every 
encourugeiucnt, fur the couaumptiou of cool In Hraull 
■lunutllleH Im ofleii ii wuHteful proceeding, uud we ought 
iiH a luilloii to do everything wo can to eeouumlac fuel, 
M) UM to bine no Hbortage wlteu the time of great In 
diiMtrlul eximiiNlon iiriirea after the war. 

it WOM HtiitiMl Monie iiionUu ago- Iwforc Hie war - 
tliHl "Hie Inlerniil eoiiibiiMlIoii engine Im tlie power agent 
of Hie fiiliire. iiml It will be a proldem of no uioau 
dInieii-biiiM to proilile Hie very large HUp|illi*i of fuel 
nhleli we iiiomI huve If we un> to hold luir own In tlie 
world’i iiiiirketN." The refenmiw wmh largely to liquid 
riielM, till! we huve tu eoiiNlder nlwi tlie iliteriuil com- 


froiu iiriMliiirr-giiM. In thlM latter caac autbradte 'haa 
liM'ii II 1111100111 ) heretofore. 

Siuiie rii-eiil e\|ierlmentM would ueem to MUggeat that 
Hii'ie Iiiiiy Im- iiviilliilile In tlibi Miuiitry Nultable anbatl- 
liitii not Hilly fur iinthmelte In gan-proilDcera, but alao 
fur lugl gi-iierully, eieii for iliHUeHllc Jiurpoeea. 

inn of thoMt- iiiliMlltuteM iiinNlNtH uf a mixture uf 
elieik, rough Miiiiill refoMu iiwl, and aolldlHod tor, In 
I III- iiroiiorHonii, r<-H|Mi-Hvely, of about HO, 30, and 10 per 
n-nl. Hie iiilxtiire iM'liig i-ompreuaed Into ovdda or piecea 
iilHiid Hie nIx<- Ilf H large plum. Thia ebolk-fael, ta It 
imi.\ Im- tiTiiiiil. buriiM fn-ely, wlien once combuatloa la 
iliiriiil, III nil i-iM-n grau- or under a boiler, and la quite 


Olia idea of naliig cmda obaU In tha grain aloncdde 
with coni iH not a new on^ and it la often dalmnd ttut 
aoonany of coal remlti in thia way, which la qoUe 
pooaible uuelng tbat chcnil ca l aetloa ptooeeda wben 
cbalk ia heated, thia chalk giving up bobm ot ita oxygen 
to form carbon-monoxide, and lime being Itft bddnd 
aa oah. Bat tbe oddltloa of the above-mentlooed onr- 
booaceooa anbataiioei to the dialk natnnlly lncreae« 
both Iti heating value and freedom of combnatton, and 
the reaultlng chalk-fnd ia expected to bn a naafnl fnd 
in tbe fatare, eapedally aa daatmetor refnae can be 
worked in an one of tbe materlaU compoelog tbe com- 
preesed ovoid. Thia la a valoable featnre, aa many 
tuwna qieiid aa much aa Ida. per too to get rid of their 
rofuae. 

Tbe materlali reiiuirod are no cheap that It would 
acein to be piaMible to produce tide fael at about half 
tbe iiurmal price of coal, at any rate on the Sooth Coaat, 
where cbalk Im identiful and coal expi-iuilve. 

Knun an eiigliieerlug ladut of view, tlie eximrlmeiita 
III ixiwer prmlucUuu that have laa-u made on a gaa- 
pnalucer ^iit are luatruellve. Thia purthnilar plant 
ran two gaa eiiglnca of 00 brake hurae-power each, and 
enpplted gaa (eqalvalent to 10 borai>-power) to lacquer¬ 
ing oveiia. Tlaliig bltumtnoua cool, the fuel cunenmptiun 
waa 23 hundredweight per twelve hoar day, aa com¬ 
pared with 17 huudrcdwcl^t of chalk-fuel for the name 
period. Aa might be imagined, thn gaa from tbe latter 
waa much cleaner than that pruduced fitan anthracite 
ur coko. The lower fnel conaiimptlun meant that atok- 
lug waa not ao frequent, und conaequeutly a aavliig 
uf labor could be effected; further, there won iio cllnkcr- 
Ing. 

An Intereetliig tmint In the runiiliig of the engiiiea 
was that much more air could be udmlttod to the mix¬ 
ing chamber than waa the oaae with ordinary gaa; lu 
fact, tbe alr-valve conld be worked fully open. ThU 
rather bean ont the Aaaumptlon that an uiiuaual amuuiil 
of earbou munuxlile giia waa funned (from the illNinte- 
grating chalk, which afterward Dilla to the boltum uf 
the producer iia lime), and Ibla would, of couree, iinil 
an extra aminiiil of air for elOclent combnatloii, and 
would explain why lem fuel waa teqnlrcd to give tbe 
game imoniit of (aiwer. Tbe fUmea arlaing from tbe gaa 
when bamt in the latiiucring ovene wore alao very but, 
HH they would be from a gaa rich in carbon monoxide. 
I'he Utter gas. It waa ahowu by onalyalH, waa preaent 
to Um extent of IN per cent, other conaUtueuta being 
carbon dioxide, lU |M>r cent; hydrogen, 7 la-r emit; 
iniirah gaa, i pet cent; aud nitrogen, (11 per eeuU 

The fuel Itaelf, wben analyied, won found tu coimbit 
of Ilxcd carbon, 2N.45 per cent; volatile matter (Inelml- 
liig watiir), 2il.iKi twr cent; and aab, 44.6 per cent It 
nIioiiIiI lie poaalblo tu use It la locomotivee, aud, aa thcrt- 
Im iiIho the proapcct of tbe uec of gaa-produccra on ahlii- 
iMNird for drlTlDg liitcmat uombnatlon esglnoi, we may 
.vet Hco the chalk cliffs of old England beoanlng a dlmlii- 
iMliliig quanUty In order that England's ahlpa may put 
out to aea. 

A Mceoud Mubatitute for coal In thia country la peat, 
of whicli there are vaat qnantttlea in Ireland, Walce, 
NiiiHaml, and nlHo In many partH of England. 

A great amount ot work bna been done in tlie illreo 
tloii of employing la-at aa o fuel, ca|M!clBlly in t'MUuiila 
mid the United Statea, where |amt fuel la In regular 
line In place of coni, and it baa been shown that, liealdeM 
IM-Ing useful for domestic purpmiea, |ieat can be used 
under Iwllera or in gan-prudneera. Peat dust formed 
Into biiipwttea with 0 per cent of coal dust baa been 
Miiei-eMNfnlly umii In lacomotlrra drawing tralna weigh¬ 
ing fnaii 21H to am (ullll, the coiiHiuniillon of |ieat fuel 
lieing JiiMl twice ih great um waa the caiie when coni 
iiliHie wae used. 

That (he nee of laait for dr(r1ng gna engliiM la not 
iiuw a mere exiierlnient hi elenr from tlie Mui-cem of the 
recently wtabllMlieil Welamiatr eleiirh- generating atn- 
tion In Kaat t'rtcMlniHl, wliere (lie lidnl Mupiily per an¬ 
num of i-oergy for llglitlug and iiower U now ahnuaC 
10,000,000 klluwatt-lHiuiii, all derived from peat-cowum- 
Ing gaa-prodneerH. 

A smaller bnt similar British plant has been fooml 
to give very much more satlafaetory nwulU with peat 
than with eoni after the nopaiatlon of tar from the 
gaa bad been elTerted by meana of an ample water spray 
for cooling and wanhlng Um gases, tbe tar being tbrowa 
out by a centrifugal tar extractor. Tbe iriaut can be 
run for three weeks wltboot cleaning, and tbe saving in 
eiiNt between running tbe factory on coal aud on peat 
ammints, when peat Is employed, to over £16 per week. 

The Canadbin Deiurtment of Mlnea baa bad a series 
of peat-fUel testa mads on a KOrtlng gas engtne at the 
Ottawa Fuel Testing BUtloo. wbleb show that the fnel 
(iiiisnmptloii per brake borse-power boor—including 
Htand-by losses—ts for full load, 1.T pound ot peat, or 
2..'l laaiuda of peat rantalnlsg 8S per omit moiatnivt fnr 
three quarter load tbe cor rMpu i idl iit llgotea art iU 
ponnda and ZS pou n ds. Aaaifmtiiff that peat onn ba 
delivered to tbe ^ant at 8a. 6d. par ton, and that 0M 


plant be ran with a pom fhohir e( 78 par eimt for 
SANK) boim, tha fhM omtM wwld ba Sat, par bake 

Past foal la axpaeted to Dave a trig fntu% not only 
In tUa oountxy, but In Oanada, BraMa, aad oOut cmui- 
trlea pomilng large peat dxpootta H u la aloaa has 
roim peat than alt tbe other oouatriai of tha world, 
and U baa been ealenlated that its avetaie aadlng price 
In Biwala abould ba about Ou. ed. per ton. llien would 
Urns appear to be a naefU opaninf fOr Brltlah angliwata 
to dovelop a new branch of Indnatry^-tbe anndy ot tto 
iicceaaary gas englnea and gaoiirodncen tot use with 
Iieat fuel. 
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Waahliigton. D.«. 


Dmbunwt Is BsrtnmiaaBvtinn.—L—By Boaviw nioel 

Phsaol for Cool Anslysta.T. 

■oroiwsB AsronsuUcal Uborstorlsii.—ll.-By A f 

Bshsi.-e Ulostrstloai . 

TO tUka NoHInabsa s I\>ct. 

The rrotsethm of tba StrsBa . 

BrlUsb Ustsls sjhI Alleys. 

Tbs Forlu BsUwaya.—By Dr. AMnd Oiadanwlts.— 


H Bsetol,—By Hsrlsa L fimKh.—7 Dlmi- 
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SCOnnCAtlERICAN SUPFLEHENTNi^ 


Patents and Their Purpose 

Notes of Historic Interest 


■y Ilf Ijiilimlrlal nru Ih Ibe hlntory of pit- 
uili'iil liiWM i'vImI iNi-HUHr «f lh« cold tai-t 
lii>r pnii-tlnil wuy uin iMibllc knowledge of 
iiiH Ih> iililuliml. All liiviiiitlon, heliig at 
il liy till- UiveiiUir alone, may remain hla 
If iiiitiire of tlie liiveiitloii |a>nnlta. It may 
llliililn lo him by mnaliiliiK hla Mecret, ami 
iiiii'liiK the inibllr liitrrpNta, or ImfeaniiiK 
il of iiiiiii'h kiiowliilfre. Tlie ifrant of lait- 
n-, hHH tlilN iill-NiiHk-leiit JiiHlIlli-atIwi—It la 
vlilch llip liiviMitor can lie linlnced to Inipirt 
I I lie n-orlil at largo. 


ciHintry. iiml caiai-lnlly In IIiIh tnio of KiiKlaiiil, tbiaifth 
IHiloiilH of I ho kliiil bail pnoloiiNly lava gmatoil lo 
Mriiic llnilhil l•Icl(•nl at IcHHt, on the iiuitlnont of 
hluroiic. Kairllcr nionopolb-e by lim-k and Ibauan luor- 
■■liniilM, without iiiitborlty from govorninpiit, are rp- 
fprrtil to by UoIiIiihoii In hla vory pomprphpnMivp and 
whole riy work lai imtonte. 

lavaNTioN. 

Ny a ciaiiimrluon with the oarllpr grante, the ehar- 
aetpr of Ipirpm iialpiit of to-ilay le uuin> clearly apen, 
ae well ae the gniiliial appriwcli to tlip mpilremont of 
"Invpnilou" which now Ih iiiilvcrHally a coielltlnii prp- 
I'pilpiit lo Ilip gram of a iiilld iwlont 

Very early llic liniMirtaniii of Indnatrlal dpralopment 
WHH roallaiHl. Wo an> told by Hi-hloHHpr that Alpxander 
tlip llroat nmilc a dolenntnpil ctfoit to gathor a knowl- 
pilgp of tlH> liivpnlloiui of all natlonM, and to dbwemlnatc 
thiH knowleilgp among hla own laniiilo ami tboae aulc 
JiigatPd by him, trllh a iditp lu pntmoir I'onlenlmMit 
and prmpi-rUii. (Uher Intcroallng ctaiiiplpa ahouial la 
aiitlipilty nml In the middle agea. 


an- nHurdciI. iioteworlhy Iwliig the refiiHal by Qiuvn 
KltinliPth iiriNlii to grant a iwtenl f<ir I be knillliig ma- 
chliip to IlN ln\Piilor, Wllllaiii lav, M.A., of (himbridge 
(fCiilglit'H Mpcliaiib-al IilctbauiryI. More mialern In- 
Htaniva of a ImihIIIp altlliidp will Ih> readily recallpd In 
Ihp diHililH orIgliiHlIy cxpn>HMHl ae to the beuphta, to 
lulair and lo mH-lcly at large, lo Iv olitnincd from the 
Npwlng laachlm*. Aiiollier limtalav la that of the rlot- 
iNiN nrllonH of wool Hnwyem hihI ninviiterH, whoop 
olilhpdly of vInIihi Ipil llipiii lo \lolPlit omiaaltion In the 
IntnNiiiclliMi of till- iHiwer Howndll and plaiipr In the 
I'nltrd Hlativ. nnd In ilrpat Hrltaln nml Indaml, and 
made llieia fivl conlcntiupiit with even I he lot of the 
“iHgtom Huwyer,'’ rather tiuii to bccp|iC the promlaed 
Inipruvcmpiit In (vndllliaiH lo Iv lir<night abont by the 
new machliii-n. 

IndiiHtrlal ivriNirathinH tluiirlHbed In Flamlera, In 
Fraiiiv. (Ipniiany and In lOnglaiiil, pnitwhly raachlng 
their grealj-ol |«iwcr III liermaiiy, where many of tlai 
free erileo wen- formed Into the IlniiHpatlc Iteague, In 
tlH> IhIrtpMilh (vninry. In Ibeoe “free eltlea,” which 
date fnaii atoait llie lentil eeiitnry. It had herni the ene- 
tniii to ebiMo tlM> eltlxeim In »im|«nleo aerordlng to thetr 
iHvaiwtlimo. Tile Ilanoeatlv IgmgiiP enjoyed apeolal 
prlvllegee In return for aervlcn to the BMnareha In 
whoop realmo It npernteil. The maiiufacluiing corpora- 
tlmm of Flandero at Ihia imrlnd an> aloo thought to bare 
lawn at IpohI temiHirarlly deiieiHlent mi the eneoiiiagc- 
ment of the ruling wiTPrelgiw. 

rATKNTH roa lavaNTiiiNH aiaink Hnavm, 

For a long ivrliil the Imliiolrlal dprelopmcDt oo the 
eonlliieiit of Kunipe wao far In advaniv of that fooad 
In Knginml, and Hie latter ex|iorted little of manufac¬ 
tured goodo exreid wmdeiin. The iuduotrlea of the oon- 
tlncnt, however, ohnweil little Indhaitimi of orhdnal In- 
veotlgntlon. and mi mnrhial pmgreoo In meehanlca. Bnc- 
laiid. nwakenliig evenliially lo tier haokwardsen. took 
oteiio liMikliig lo the Httnldlolimimt of new Induatrleo 
wlllilii Iht Imrdem. Hlie early Invited Awelgnera, akilled 
III th<- dllfereiit artn, to locate and eateUtali mannfhc- 
torleN III Kiigland; amt Anally ahe parUcnlarly reoag- 
nlxeil lavenloro an proper rerlplentn of patenta. Borne 
of the granln reconlml were mere lettera ot protecMon 
to fiirebnien) oeltllng In Rngland. Othera, eren mae af 
thnee to liivpiitora. are to ho noted an tncdiidlaB only 
the ^ctunlve right to manofkctnre, thna leaTlng o|Wl 
the right ot Importation and ante. It la wocUi aeaHtii 
tlmt Ibbi medieval form of grant wna anbataatUlIy re¬ 
tained In the patent granta of Dennwrfc aa late aa 18M, 
when a new law went Into etfecL 


By Jeremiah Lee MacAuIiffe 

The lamie of Jlngiiiearltig tor Jnne ‘OdO, 18M, calla 
attention to the fact that a vital featnra of the modem 
patout to wit, the geiMml pmblbltlaii agnlnat the pub¬ 
lic other thin the patentee, characteriaed gmuta of 
Mlinbelh, and apiiareiitiT the brae ot the ■euetal pro¬ 
hibition waa In raaponaa to a petltlM) by an Italian In¬ 
ventor, one Acootliia, in 1009, who ar|ed tide u a neoea- 
aary part of the reward to tba Inventor. It baa been 
migBMted that Acontliia waa parhaiw acquainted with 
the exlatence of almllar mooopoitee on the continent 
Another eaaeutUI of the modem patent the apeclllcu- 
Uiin dlacloalag the liirentlon, alao characteriaed patent! 
lamied under Kliaabeth, aneh a patent having been 
grautHi aa early aa 1061 for the manuCacture of aalt- 
lader. The Ant patent apeetOcntloo sn.ompaaird by 
drciringM appenra to be the Britiah patent Na 169^ ot 
1673. 

piraroM or iitanucnNo tbb raopu. 

To revert to the Mrtjr form! of granta, the lettera 
of pndMlion granted by Bdward III, In 1331, to 
Jiihaunea Kempe, of Flandera, to eatabllah the manu- 
faeture of teitllee In Hnglaod, are perhapa notable in 
that they are granted avowedly for the pnrpoae of In- 
thmfUng Ike people In a new indnatry. (nandera at 
thlN time made higher gridM ot wooleoi than the Bng- 
Hah). The gnntee obligated hlmaelt b> tMch all aeek- 
ing a knowledge ot hla callllir 

Almoat In exact line with the imrpoae of thiN grant 
are the modem patent rlghU of all natlona, an will 
later appear. The Kempe grant la not otherwlie notahlab 
however, alnce an Indnatrlal patent or grant. earUnr 
by nearly two centurtea, waa given, according to Hal- 
lam, to the Wearem Company by Henry IL 

The Ant ayatmatic effort to eatabllih manufhetartea 
In England by granting patenta, waa made in 1S3T (Law 
Oaarferly Kttdew tor April. 1896), when a genenU 
Htatute waa paaaed, placing nndcr the Ring‘a protection 
the doth worken of other landH who came to dwell In 
Kngtaiid, "to the intent that aalil cloth worken ahall 
have the greater will to come ami dwell here, our Hov- 
erelgn liord the King will grant them franchbiee tu 
many and eaefc oe map anfloa tkrm," 

If Wo are atlll Intereated la comparing fomui of gov¬ 
ernmental eiKMirapement of Indnatry, we may take note 
of a ilgulAcant Incident having aome relevam-y to the 
Hiibjert, aa related by Hume, who explalna that an at¬ 
tempt to foater commenv and trade by eueunragement 
from the Crown, waa made In England by Atbeixtan 
(823-941): "He paaaed a remarkable law whh-h araa 
calculated for the mieouragement of ecmnierce, and 
whU-h requited wane liberality of mind In that age to 
Imre tievlaed; that a menimat who made three lojatea 
Ivyiuul the aea on hla own account ibonld he known aa 
a timne «r gentleman." 

What appean to have been the Arit patent for an 
alleged new tncmfton, wan granted In 1440 In Bnglaad 
for new procma of making aalL In a patent given to 
one George Bobbarn for an Improved dredging madiJne, 
the object of the grant la made dear. It expreaaed the 
wlah of KHiabeth that the fhvor thna accorded the pat¬ 
entee "wHI give ooorage to her anbjeeta to Htndy and 
anek)or the knowledge of like new englnai and devtcea." 
The granting of few patenta In England, and Iba ab- 
aence of material reaalta, prior to the Blllialiethan era, 
are accounted for by two canaea, to wit: Intemedne 
ware, and the praetloal nullUlcatfoo of the patent 
atatote dorlag aeveral anoceadve relgna, when tba 
iddHad faieignen were Invited Into tba tertioe of tba 
Oronm tamtead of recelvlai fraadilani for the benefit of 

lavnaTcaa auma nenrun «o raicjna. 

Froai IfiN the abnae ot the privUegia enjoyed by the 
hoMen of Indotrlal mooapollii reanllad In tba nmaia- 
takaMe pnhUe call for eonfinliif the grant of patanla 
to Invantoea only, but proabwa at reform by EHwibafb 
qaletod tor a lime the agitaHoo agalnat pnbile aowpo- 
Uea. nully, tba dlamtiatortjnn aronaed by the gnaa 
abnaaa of the oompanlea who oootroltod tmfiet cirtKto- 
ated In 1688 under Jamaa I. ud the noted toatnto 
ogatoflt moMpaUoi Wta ptmed. Tbg BfigIM p it U B , 
even when thna aimiHd over the wraagi mAnd BPdit 
tha gaainl aoMpoUaa, dM not loaa right tf lha b«N- 
fita to be dadvad by Uw pnbile tnui aBennnitog to- 
Tunton, and tha vmy atatsta of npaal tt w meVb U td 
iga elally tana yto ad tha p wiirlatr of gi gntlag oirinriva 

tbalr inventlona tof a Naritad gartod af Naw 
If nch fxmftiriatt ailito amg Marts of tha patant 
lawa ragtidlag tbs atsMaaf-dpipB L M rthMNt 


cteato any rlghta tor Invaoton, nor gmnt thito aaf- 
thing which tbsy did not prsvlonaly aojoy, bnt maialr 
waa In katplng with tha dsdakaia of tha lAnrilah oonfta, 
which, wbanavar oooaalan had aitoen, bad ando r aad 
the validity of gtanla to iBvanton, whUa omalaaBlm 
Indnatrlal ninooiioma gtantod to othera. 

Tha patorts granted iindar the riatnte of Janwa did 
nut aa a mie afford a dlaoiowre of the tnoanNoa, and 
Boma British patenta aa late aa ITDO oneta toad mmriy 
the title. Moreover, nndar thla atatiito of JamM, an 
InventloB wna held to be patentable It It were not «ra- 
vlonaly known In Mnriand; and It was of no BMUMOt 
that tba Invention wna known and pnbHahed In other 
conntrlea. 

Tha patent grant today the woild over Is Hha tha 
Kempe grant ot alx oantarlaa ago. In that caw ahUga- 
tion la Inazombly Imposed and ana eondlttoti axaetad, 
the Inatructlan of Urn pnUlc. The law reqnlNO a bOM 
fide diaclostira; and lioot ot a violatloo by tha with¬ 
holding of owentlal partlcnlars Invalldatas tba pntant, 
aa a contract void for tbo abaonea of a valnaWa oon- 
alderatlon. 

KAiuan AimoAR PAfnm. 

Thb firat patent teniad in this conntry waa gmntod 
by tba Oonaral Oonrt of Maaxanhiiaatti Bay Colony. In 
October, 1641, to one Ramnai Wlnalow, tor a now aiathod 
of aianafaeturlng aalL lo raenrrlag to this Wloriow 
patent, and to tba firat patent aver Imitad tor a new 
Invention (1440), both tor the manntootnte ot salt, wq 
are atrlklugiy reminded that patante tor tevoatlona era 
dictotad by no mare aenthDant, bnt by oonaldamtlana 
pabito writora—even poblie ne c amlty—whleh originally 
praapted In England, and later la this ooontry, tha 
grantliig of patenta for new lavoatlona In order to eo- 
lonrage and Increaae the prodnctlin of thla aroat Im- 
purtant artlclfc The term ot tha Wlnalow patent waa 
ten yaara, and the grant waa conditional npoo Wiaalow's 
vetting np worka within one year. Bevaml other pat- 
cntH were gmninl by the Bay Oohny sad other oolaalaa 
In the oamc century. It nppean that Maaaachnaette, 
ConnecUcuU and Pennaylvania ware the prindpol mam- 
hen of tbe original cohnlea wbicfa granted patoata. 

The aiUHn of contodemUon, adopted inly UHb, 
1778L coDtalned no antborlty to imt patenta; bat the 
Htataa leaned tbem iDdependeirtly, aa the three ooionlea 
above meotlnoed bad done. Thna, In 1780. Jamaa Rnm- 
Ney obtained apedal granta or patenta from tba Htatea 
of Maryland, Virginia, Pennaylvania, and New Yorit. for 
a "newly Invented boat," whiob waa pisatloally teated 
on the "Potowmaok" (Potomao)- In Bep temb e r , 1784, 
In tbe prcaeiioe of George Waablngton, gave tbe 
Inventor a letter highly commending the boat aa "of 
vast importaace In Intend naylgalkm.’’ John Mtcta, 
Rnmney'H more anooeaofnl rival and conteatnnt, also re¬ 
ceived. at about tbe laaia time, almllar patenta, ar aa- 
clnalve prirllagM, tram New York, Virginia, and Pann- 
■ylTanla. 

aanonniTimv or nmmoas sfoUTa—OBMAfnm ar 

Tba Oooatltntlon of tha United Btatea auda piovl- 
alon for tba eoconragemant of Invantoea, and in 1798 a 
patent atatnto waa paaasd by the Onpirnm, To tha 
eonatitnttonal ooDventlan betonga the cradit of, tor tha 
Amt time, embodying in the law ot a nation Uw Btoda- 
mental doctrine that an Inrantton batangi by Uhatmt 
right to tba Inventor, and Hat (o fsenra thte vlgM' to 
Mm. aUb due rofard to pabito tmteroon, to m elNgattoii 
of Oononmeat.- hi UBB tha Patent (Mtaa waa grinh- 
Uabad, and provlaloa auda tor toe azamtenltoa at In- 
venUona to datonriae thair novnUy, tth halag Ike fiat 
Inatanoe of aoefa a proviriem In patent laws, tta pna- 
ent Uito are anbataMUy ttoa paasid In whloh 
extended tba term of tfao patent fma tonllam ta aswo- 
tocn jnan, and prohibited antearioaa atrigk V Wterial 
act of Oengiaas. 

. Thaproporitton to gtraoBahawaidi tolimfitigagad 
tbeow tbe Inveattona at oaoa opaa to lha poblla gilaad 
anna ftvor to OiaatMtats la UW, bat |ha pngoggfite 


wtUHUanaiMB. A rather dltoitlhg IMab riMMrtDg Otea 
af tha taarito of tblf MgariMW Ig (haatMt- 

«F» Amaapaa tor B ip te ahiri ttth, Igg^ la r M bap 
of oat BterU aaaM fw asot aangi, te naMtogWiqtet 
wteattMtaaihlgag. . 

Cath gwate ana aaf aig arii te It Wa ■ 

‘Vhna' Jmtoi* 'WKir, who tod ’ 

twik.ww tecriTigg. titn i wi j^' 

wgaw;^ bat tetet tea nn i te>f g w,| h ^. gwg^M: 
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laM W (loBiiTino AinaoAir, AigiMt Ttk. USB). Aim, 
!■ innUMA DMMm «Dd NlupoA In USO, wore gnutaA 
uiaaltiM in reoucnltloa ot tkeir Inrentloa ot photor 
fmpkPh Unit eoold mt ndagiiiately be protaetMl by patont 
eTlMUMUer^ HlrtuT of Pbotofrapby). 

nommou n> nnuL rAtmm uwn. 

Porinc tbn i wwI dm ot tbs alxty-thlid OungraM, dte- 
cMtoQ at patent lawa baenue widevread, atten- 
Uon bBTlni bean tocmaed on the •object by tbe Intro- 
dnotbrn tX tbe “OldiMd Bill,'' whlob propoeed oompul- 
aoir Ucanaea. There were tboee wbo, not content wltb 
the angceatbA at conpnlNury llcenaea, advocalnd tbe 
.cataptete repeal of tbe patent lawa. The reader may 
conanlt a report iMoed by tbe CIcweland, Ohio, nhamber 
of OoqinieTce, 1918, for an admirable, critical atudy of 
tbe Oldfleld bill, with a dlacnaalon of tbe patent eyntni 
of the United HUtea. 

Bearing on the aimeatloni ot repeal, tbe tender arlll 
be Intereeled In an lUnmluatlng Incident Involving a 
nlmtlar prupoaai. In 1869 It wan actually prapoaed In 
Hnidand to repeal Uie patent lawn (nee InmieM ut Hcicn- 
Tmo AiinuoAN dnrlug Beptmnber, INaB), Tbe agita¬ 
tion to tbla end had Its origin In nn attempt by tbe 
mlllera to avoid payment of royalty to the Inventor of 
an Improvement which prevnite<l the waateful and un- 
healtfafnl rlonda of dmit that theretofore were' Incidental 
to the uae of mlllKtunttM, The repeal wae oppoaed by 
varlona bodlea, Im-ludliig the Workingmen'a Technical 
Rdncntlon Cooimlttee, The Koremen Bngliiecn' Aaaocla- 
Uon, The WorUngmen'a Club and Inatltuta Union, The 
Publb; IfivwDrae and Free Idbraiiea Aaeo^tlon, and 
varlona worklngmen’e organbatlona. Tbeae not only 
nidioMd repeal, bat demanded a more liberal patent 
law, wldcli would give a patent aa a matter of right, 
ami for n reamnable fen,' The patent lawa of Hngland 
at that time made patoiita very coatly, and were pro- 
dacUve of laitrageoua delaya. An ezceivt from an argu¬ 
ment at thia time hi iiMtmctive: 

“Hr, 0. W, Hletnene, KK.8., n native of Pruaaia, lefl 
that conntry and came to reeide in Bpgland, bccanec 
pmctlrally no encouragement waa accorded to loventoni 
In Pruaaia. Hr. aiomeua' regenerative fnraacea and Im- 
proreinmta lu telegraphy had augmented our national 
wealth to the extent of Hcvctnl million pounda aterllug, 
all of which waa loot to Pmaala through it having prac¬ 
tically no patent lawa.” Tlila taiHcy Ima been revemeil 
hy tbe (lormany of to-ilay. HIcnieim hlmaelf later de¬ 
livered an aihlreaa (HcicaTiric AuaniCAN, October IBth. 
1N89) In which he aahl: “If we review the progrem 
of tbe tecluilcal aria of our time we may trace Importanl 
Inventtona almoat wltbont emTiitlon to the Patent OtUi-c. 
In caaca where the Inventor ot a machhie or pnavaH 
haiipeuad to bebaig to a uaMon without np eflldeiit iMt- 
ent Inw, we Oinl tliat he readily tranaferrod the aeene 
of hla activity to the country olTcrIiig him the greatcMt 
(wimragemeiit, iJn-re to awcll the rauka of Intelligent 
worfcetn.” 

W1IAT or Till PATMT omcaT 

llb-kena. In hla acathlng expuaure of the drcumlocn- 
tlon ollire, with Ita ataff from the ancient family of 
Ilamaclea, luia abown that a very bad iMtent law can 
la* nude Inllnitely wotae when ndmliibitemd with the 
imrivwe, Hw wA to do It In “Mllle iHirrIt” we aee 
the Inventor, UaiUel l>oyce, of the Ann of Doyce A 
Clennam, Iron worka. 

“Aa aa Ingmlona man. In* hnd noepaaarUy to en- 
rmiDter every illacouragement that the ruling powera for 
n length of time had been able hy any meana to pat In 
the way of UUa doaa of cniprita; lint that waa only 
mnamuible aelf-defcnae hi the piiwen, olnce How to do 
It intM olivleualy be regarded aa the natural and mortal 
enamy of How not to do It In thia waa to be foand 
the bmda of the wIm ayetmn, by tooth and nail upheld 
by the diedmlocntlon office, of warning every Ingmlona 
BritUb aubJeet to be Ingenlona at hla peril; of bar- 
raeatng Um, nhatracting him, Invltliig robbere <by mak¬ 
ing bh remedy uncertain, dllllcalt and expenolre), to 
idianAer bha, and ft tbe beet of ebnUecatliig bla prop¬ 
erty after a abort term of enjoyme^ aa thoogh Inven¬ 
tion wM m A ponUel with Mony.” 

If 0 bed l«w can thna be made worm, ao tiao, n 
vied. Igw ooB be made better, by offidali moUved hy 
How t» do tt The United Htatea Patant Office organi- 
■ottOB fa dowiirn tmi by tba oomiafarioner. tbe examina¬ 
tion of oppUenthau b^ done by a carpi of examlnm* 
■MliHffitely Id oKarge of appnnluately dUhinmt 
AriidffiMv The oorpe IpcBidu flret, eaeond and third 
ntifa|lp]|it - OOcfal datkmB eC the exemlnan 

an ducked np (Whan gnunled) by the Board ot Sx- 
gffilBHw In Cfatet «Bd thb eoHBlMtaur. 

Wfaffi, In the war of ttfe thb keeper of petenta la 


N^f^/ie'jtha.'lllmtMM-degt^^ of hie .preetaoi 
^f^l^tfthb'anwfaienh he m fhH dI I the etadd- 


vate law practice, for tbe booon of the eommladoner 

BhlpL 

The eu cce e et ve oommiaelooen Hnd at tbalr aerrlce a 
body at examlnera wbooe dotlea and Juriadli-Unn are 
Htrictly deflned by the ntatate and tbe official mlPH, 
lint wherein, owing to tbe natnre of the teak, the per- 
aooal eqaatkm may aeverthelew become a factor beyond 
tbe power of law or role to determine. Bkllliil Id the 
Hclencea and In mei>hanloA ienmed In the law and prac- 
Uced In Ita Impartial amllcaHoo, tbe cxamlncm Judge 
and mle upon (aubJect to appeal) tbe quuNtlona, largely 
controveralal, arialng aa to patentabUlty and relatnl 
raatten. In tbe tena of thonaandM ot awea iiiunally pre- 
aented-'Caoea not Infrequently calling for what, by any 
amlled teat, muat be regarded aa learning uf a high 

ouABDiNO riiBi.to iNiimimTa in Tiia rxTgNT urKirx. 

When Doyce iMicame dlahenrtencd, after twelve yearn' 
effort III ulitain a pateiit at the Clrcumlocutliin (ilHfc, 
and hla Junior member taok up the titiequai atniggle. no 
vatk-inatlon could have foretold the voinniary actlmi 
of Amerlein aiqdlHkiitn In bolding aiipIlcatIutiM la-nilliig 
for twelve yearn and half of twelve more, by lUlatory 


TiiH unar rRm-ii.R riRi.oH or 

I.WK-UTIIM. 

Patenta. 

Carrlatea and Wagima. njilH 

flatpa, nvrklM, Buttoaa... ia.77» 

Plitwa. in,(H»7 

Ullll . IH.WKI 

Uachlar Blenu-ntii. IB.IMX 

Kntldm' IlaMwara.in,H2a 

llanuM aul Tuya. 1-i,ia4 

lAMda •Dd lAtcbM. ll.axo 

Ullla, (Irliidina. etc. 1H.N03 

hallwaya .li;M7 

llallnar Hulling Htnrli... . in,4aa 

Meolen and Plaateia. ll.MW 

Water laetrlbulbiu -Ualaa 
and I’liiM. I’weka and 
Fanceta, line Coapllagn, 


Patentn. W 

taa-kn and lAtcben.11.WIO 

Wnnhlng Unrblnen mill Other 

lAumlry AMiltnu-ee. 11.WW 

Hni'klwn, Hnitoiw nail Clanim 1H.T73 
MtMn Rmonii .1I,INIT 


IWlnon . 

RUbu Ttiuniann 
Fnnvb II Hlrhanln... 

blwanl Wentun. 

I'lurlen R. tn-rlliaer.. . 
Ueuige Wntlnaboona.. 


cloMed In the Patent Oillcv, during what mnat ever re¬ 
main a wiiiMlerfully Inti'n-Htliig e|Kn-h In onr Indiiatrlul 
develiHiuient. Tbla illiigrain covorM the eighty ycarH 
fniiu Die iMtahlbihmcnt of I he Patent Ultbv, Isrui tu 

min. 

A piilille diM-liwure of iieiirly iiiie mid eiiv quarter 
nilllliHi new liireiitliiiiH In elglil; jiiim will In- eimeeiliHl 
n fair n-tarn iiiiule li> liiM-nlorN fur lla- lerj llnilleil 
rlglilH wlilf-h they hare eiijuyed. lleHlileH. Ila-re 1 h a 
NiiriiliiM of many iiiIIIIiiiih of iliilliirH ai-eiiiuiilnti-d In the 
I'nired Ktalea Tn-tiniiry. fur tin- ennlll of Ihi- I'ateiil 
Ollliv, from fiH-N inilil In hy iiiiiilh-Hiilri fur imleiilH. 


Enflnecni’ DifflculUen With Tropical 
Telephonrs 

TKi.KrilokR tninhli-H iin- fnr rnuii rare In Kiiglaial. 
HiiyM 'J'hf l.iinilim Diillii Tiliiiinph, lint lliey are iiillil In 
ciiliiinirlMiih Hllli tliiiM- Unit mi-ar In llie truiiU-N. Ilrllltih 
ilmTH Ilf Ibe 'lilauie nliiMlId In- lliaiikfiil Ibnl tin- i-iigl- 
iiier-i Ilf Ihe hniiie Hyaleui hale only an in-eaNluiial gale 
nr HiiiiUHliiriii In eiiiileliil nllh; llielr liJIglil niiiilil In- 


lery will If limleiid of tliiwe iniiiiuirallrely rare illidurli- 

willNriieliiry uiirkliig of the leleidiiiiie iin are eiiiiiiienileil 
hy Mr. W. Mewelleii I'remv In IiIn niiiNl IntereHlliig 
rmiH-r read ni-enlly liefnre llie IiiNtlliitlun uf Kliitrleal 
Kiigliieem uii "’J'eleiihniie 'i'riiiilili-N In the TrniilcM." 

II iipiiearH that llie Inuihli-N In the liiiidi'H arlNe friiiu 
Niieli eaiiNi-N un i1uiii|i, regelatliin. iiiiIiiiuIh anil liiHeelN. 
and Inellleleiil iiullii- lalH>r. The lii-iil In In llHelf not 
n-N|Hiimlhle for laiieh I rouble. Iiul alien IIiIn In niiiihliied 
wllli an iitiiiiiN|ilirrli- liiimlillly lurylng Ih-Iwivii .*<0 and 

the ... eoiii|iliilnlN .. In iiililllliin, 

II In nNilliKNl thill IIiIn dniii|i heal |iriNliiiN>M ii miirveloiiH 
gnmili of vegelatliMi— no llilek Unit along the Hlilea uf 
the conntry naidN there nre aelniil wiiIIh of green 
Imvi-N, ]H-rha|>a .Ml fm-t In lUI fiN-t 111 lii-lglit, no donee 
that It In liii|KiHNllile to |ilenx> Ihroiigh without getting 
uui-'« clulheH lorn off the iNwIy, iitid growing no rapidly 
llml It uiiiy la* ent Imek uue day iind grow hh high again 

III tbe oimnlng Iw-eiily-rour luiiirH; when aguin II la 
h-tinied tJiul luwN-t life In un iirollllc im Uie vegelatliin, 
aiHl wniieUiiiVN even more Iryliig. Mien one In In a inuil- 
tJon to undemtiiiiil llie illllleiiltli>N anil In Ny iniNiIhliie 
with the tropinil i-iigliicerH. 

An h matter of fnet, IlioHe nre not lhi> only troohleii. 
I.lglitiiing haa a ylnileiav unknown lliere. The elec¬ 
trical aliite of the atnioN|ihcre biiN an offiN?t on llie 
liiliniin nurvoN which Ni-rtoiiNly dlMlnrlw one'H lemiN-r. 
J'h'eii wild uiilmalH do their lawt lu aouie plnceH to In- 
creiiHo Ihe englniN'r'H lalHirH l''iir liiHtiinei-, In Home 
lairiH II In not iiiiimiiQl to have ii mile ar luii of IlneH 
wriN-kiNl hy gIriiffeN, ele|ibiiiilN. or iiioakeyH. 

.\N regard Iiiwn-Ih, Mr. I'hnnh- Iiuh Home reiiiarkalile 
fui-lN III lirlng forwunl. Thivie i-renliireH will iilliiek 
IniIIi liiAlrmiii'iilH mid 1111111. The N|ililer In a ri-al IN-Nt 
all uier the iriipli-e- II ilellghiH to reln-at Into tile tele 
phone eiixe, mill Ihere hulld for Itm-lf a iii-hI. ho llml II 
hi no mieoiiimuii exia-iieiicf to Hnd liiNtrnmeniN entlrelv 
piit 0111 of uelloli owing tu the ilillgeiil work ot IIiIn 
liiNecl. 

Tu elrcimivi'iil the limecl |i1agiie II In eNM-iilliil llml 
Ilii-He telephone ciiwn Hbuiild la* Neiiliil up an eliitiely iin 
IHiNNilile 'llie HW'lleli-hiHik nIioiiIiI eiirry a liriiHN plate 


which kn‘|iN the Hint In wlilel 
eoreriNl. It In iiIho ileNlriihle li 
till) liiHlnmieiita, hut to liikv 


i‘ iirm workN enllrely 
\e no leniilnnlN niNive 
■ iNiiidiielorH through 


J1» ttat.wh ffiia 'pM of phttonai 
‘ a toiy taniittra Prt* 


tactics, until It aultad their purpuoe to have tbe iwteiit 
iNNue. TTihi wrongful praettee boa been effM-tlvely elim¬ 
inated by n farocful commlaatoner, and we lian-. In bln 
aetlon, but one Ingtance only of many, wherein the 
iiffleiala guard the pobilc Intereata while handing init 
even Juntlae to Inventora. 

A practlUanar of forty yenn before Ibo Patent Office 
reocfitly anid to tha writer, that amid the niaaa of 
mecbaukal, aclantllle and legal technique, by atatute 
honad np with tbe dally activiUea of the Patent Office, 
quite genemlly be boa fanad there, Rplctidtdly excmpll- 
lled, the tauMn riemeirt and tbe apIrU of belpfalDeaa. 

Aa a Btriklni axtavle of effidetwy and aturdy In¬ 
tegrity In free government, tbe iierrliw mudortly ren- 
deied each workday In tbe United States Patent Office, 
itacadd be known and be heartenbif to enrueat men 
eve ry whe o a 

Aa pHkoiMa net laapproiiriate eondualoii, a diagram 
fa appanded, ahawlag gtapblcally tbe htareaalag number 
of patent* fraatod, and eoueeqnently Inrentinna dto- 


Tlie pn-Milcncc of while iiiiIh niakoH ii InqieleNH to iiHi- 
woiid iKilea to carry the IIih-h. iin In a very few ymirH 
the liiNcctH demollHh tbe whole of the interior of hucIi 
IkiIcn. The aniiK, on Ibe oilier liiiiul, are orien iiiaile of 
IIiIn materlHl, fur the white ant will not work Its way 
lip lirtiN'ii or mure fii-t of Iron UiIh- to n-iu-li tlwNC iiniiN, 
and In Nunie euililIrlvN iiiohI exn-lleiil liiiril wimhI In oIi- 
liiliuilile Incally. The iioniiiil ty|H- of overla-ad iNiiiNlriie- 
tloii now einiiloyHl In iiiohI Iroideal eomilrliw In falily 
well HtandnrdliWNl. The l«>leN iininI nn- ellla-r of a ly|N- 
with wnnighl Iron tiiimr IiiImw ami eiiNl-lron hiiww, or 
of the Jlaiiillloii ly|N>. wliteli are hiillt 1111 of iiiInw of 
rivetnl Nheet Nleel. 

Overhead line tmiilih-H woiilil, of i-oiirNc. In- iiIniIInIunI 
If nnilemniiiiid eiihlcN were iihinI. lint when II In n fn- 
I|in>iit oceiirreiHN- for Home HiilMi-rllH-rH lo lie Hlliiiileil iin 
far nH Iweiily-llve nillew frmii IIm* eM-liiiiige iIiIn HyHtem 
would i-nll for hiii-Ii n high NiiliHerl|itliiii hh to iiiiike the 
pmpiiMiI entlnily iirohlhltlve. 

ThUH the iiHC of iiverlieail IIiiiih iiiiiHt lie coiitImiiNl ami 
meunH ilevlaed to make Ihein Ii-nh likely to In- attackiNl 
by Inaccta. It linM iKN-n illHniveriNl that wlu-reaH InaectH 
will newt In porcelain InHuliilorH which nre dark In- 
aldc—they refimo to Inhahll Ilie tmiiHimrent glaMN Iiihu- 
latora, which. If maile of the oil tyiie. Rhonid, It la ang- 
gaated by Mr. Prcece, bring almiit eoiiRlderahle Impron-- 
ment In the Inanlallaii. Ihifortunately, nuch Inaulatora 
are nut at iircoent commercially obtainable. 
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Jm s, i*ia 


The Prismatic Compass* 


How It Works and Some of Its Advantages 


Tiik priMiiiiitli- ttiiiiiuiwt In wi ■•Hllnl fnun IIm> prtMm 
lUtlNl nil I Ilf ClINf III I Ilf UplKMltf Hlllf to tllf llllIKf. Hy 
lufuim Ilf IIiIn iirbiiii Hii nliwrrfr In fiiulilnl In mail tin- 
lllCiin-N INI llif iIIhI wlifli tnkliiK a iH-nrliiK. 

Tlif "Hfnlif iNilliTir' lioN n dial of iiiiillifr-iif-|H>arl, 
tlif Ii'iilcr Ih'Iiik iiHitfil witli liuullinUH paint for iilKht 
work. Till- N. iHtliit In iiiarkfil wllli a Inw illoiiiniiil- 
nIiii|nhI IlKim', Hiiil tlif H. a Miif, Kl. iiiiil W. Ih>Iiik aliiiwn 
III Miii’k IftIfrH. Thf dial In KmiliiHlfil wllli Iwo HftH 
nf IlKim'N In ;Hfl flffn^iw Ihf IIIIIIT wt. for imlliuiry 
illni-t iiHf, iIIvIiIinI In 5 ilfitrffa; uiiil Ilia iiiitfr, fur iiw 
wllli IIh> priNiii taiiit nniTHiil. for llif prlMii liivfrta 
till- liiiiiicfl, iIIvIiIinI friT} ilfitnN-. A Klamv at Kin. 1 
will nIuiw IIiIn iIIiiI iiiniiiilfil In IIm i-aNf. II will In* 
iintiil llif Mil laiH a liiruf kIhnh wliiilnw liiiilliK a hIkIiI- 
liiK lliif fiiariivfil HiToMM ItH Hiirrniv. Tlifm am Iwn 
Niiiiill linIfH ill llif isiKf Ilf Ihf liniHN rliii nf IIiIh wIihIiiw, 
no lliat. nIiiiiiIiI Ihf itlaw In- lirnkfii, ii hiirw^-halr ihiii In* 
run Mwivn llifiii and an pMfiniHirlxfil Hliihl vniif In> 
illlllifd. OpiHwIlf Ihf lihntf nf thf lid a Irlaiimiliir Ihix 
fniitiilliliiK llii‘ rl|{lil-iiiii;lf priNiii In tlltiNl fur rfHillnic 



Thf prlanatic <«ai|waa (nark VI). 


tiM) dial. Over thp dial a Hlaw la placfil In a nwnirliii; 
lififl. (Ill tlH> slaxH Ih (laliited a blank ‘■Indfx" lliip for- 
nwiaaidliiK with au vunravcd line uo the hciel wnrkliia 
nvfr a Knidiintfil aealc na the outer aurfhev of the box. 
Hy IhlN lliif aial acale a bearing can lie "rfglatfmd" Inr 
night iiiamliing operatlona. 

In taking a bearing, the <■ulnpaaH la held atcadlly, 
nilMal tn the eye, keeplug It quite loTcl, and the front 
Night (.4 In Niiiall diagram abowu In trig. R—Hue on 
glaNH) and the bauk alght (« -allt on thf prlani bus) 
are allgiRal on to thn objfftlve (!. The dlvlakai aean lu 
the prlaiu int by llif hair lliu> A will la; thf lamrlng 
required. 

Tlic bearing ran now la; regbitfreil by turning the 
nillUal fdgp betel iiiilll the hlaek liales line nil glana la 
over the N. lailut nf dial. The divbiinn mi the top acale 
nf iMilaldf of laix which rnlnrldfa with line la the bi<ar- 

Ing. At thn aaiue lime, tbe direction la Indleated by 

the fiuuiiitaa If Hera mi the bottom M-ali\ The beifl la 

Ihfii 1-111011x^1. 1)11 any Nulaaaiueut M.<L‘aalnu, day or 

niglit, the aiiiiie dircetlou ran be found hy tnnilng tin' 
■over liaek tial (an In Fig. ‘2), holding the maupaaa In 
frmit of yiHi until the N. lailut on dial eoUa'Iiliai with 

Index line. The algid lug line on glaaa and Itimlnmta 

imtchea In iMver lailiit In tbe idijectlve. 

It la nut alwaya laaodhle to aw-ertalii Ihe bearing- by 
Night, an the cnniiiaaM bi llieu aet by iiieana of a map, 

Thla bi ilunr Ity ruling a Hue Ihmugh tbe point of de- 

partiire to mark Ilia muffortir N. aud H. line, and a aep- 
null one lu the ubjeetlve, to mark the line of adronee 
(Hff Fig. ll)- Departure, lanalnn; objective, (iodal- 

mliig). 

The cmuiaiHN la laid along the one allowing advanir, 
aiul carffully adjualed by laying the alidit of lid aial 
bow ring at UMfc over tbe line. The index la now ahift- 
ed until It exactly eolneldea with the N. and H. line. 
The comiwaa b then randy for nae. 

TheValDeofBiidito'Mu 
Amomo Uie xookigleal arUalna in the Bmithaonian 
Annual Rqiort ia one on the value of blnla to man , in 
which ^ anthor, Mr. Jamea BuekUnd, of Umiton, 
mak^ tte aatoundiag itatemont that, although man im- 
oghlai Umeeir the dominant power of tha earth, ha la 
nothing of tha aort, the tma lorda of Aq nnivema baiiw 
• man Tkt inuttrmM War VaiM, pMliM by rkt /Bat. 
iraM Lee d ea JlwM. 


Ihe inaoeU. For allhough men haa attained predomin* 
MINI over the moat Oerea ami piiwutful anlinaU and moat 
dewlly reptihia, hn and hia worka would be of lltUe avail 
bnfoni an attack of inoiwta, wUoh includf a greater 
numlair ul a(ie«iaa timn all olbor living omatuiea com- 
hined. Home ntlO,tKI0 aptadea have been deaoribed, 
while iHMalbly twien timt numlair atM remain unknown. 

Thn author aaya that thean inoompulable bnrdea (nod 
•III nearly all living unimala and practically all plaato, 
aiul multiply into prodigioiia numlien in an Inenalibly 
ahort time. (Tomputationa ahow that one apeehM de¬ 
veloping 13 genemUiiui a year, would If uncheeked to tho 
twelfth generation, multiply to lU BexliUkma uf indl- 
vuluala; while a auigto pair of the w«D-known gypay 
molha, if uncheeked. would produce In 8 yeora enough 
progeny b> ilcatroy all the foliage of the United Rtatva. 
(hill pair of potato iHiga, he atatea, would develnp un- 
clieekail (10,0110,(kg) in a aingle acaaon, at whieh rate of 
multiplication tlie potato plant would not long aurvive. 

According Pi Mr. liuekland'a article, Inaeeta are quiPi 
fw aapiundlng in Uieir conauining qiialitlea aa in thoir 
rate of iticmoae; a caU<r|iillar eata twice tta weight In 
leavea a day, ami, in pniponion. a Imrae would nonamne 



Fig. 5.—What thr ohoervrr oeea In the priam-bax 
of a priamatie enmpaaa. 

Thla illagrau aliewa la (lie aiaalbw ciri-l* what tbe obmrr- 
<-r mlglit >«• lu takluK a bearing, hoMIsg tb* huitraiueiit 
•a Id Fla 1 The larger cln-lv repmianta ilbgraouoatl- 
i-ally llw wimiuw. A, (root alglit oa wloibiw; B, bark 
Night allt lo prPm-biii; O, dIaUut ulijartlre, 

a ton of hay in 24 houra. OrhUn floah-oatlDg larvae 
oonaume 200 time* tlieir original weight in 24 boon; In 
tbia manner an Infant would devour 1,600 pounds nf 
meat during the Bnt day of Ita tite. It ia reporpal by a 
apeoialiat, that the food taken liy a ailk-worra in 60 daya 
oquala 80,006 timea ita original weight. AU of whieh 
facta ahow what Iromendoua ilcatniction Inaooti may 

oBUoa. 

Througli iti predominating inaect diet, and on account 
of ita exoeedingly rapid digeatlon, the liinl heoomea the 
moat indlapennilile Imlauning (orne of nature; without 
iU OMiiNlanfai, man, with hia puiaona, the weather, aiui 


aaimalB, aa well aa the paraaltia predaeeoiH imeeto, 
would be belpleea. Tha anthor then sUtea how the bird 
ii a beneOt to man in a great number of wayi; in obeeUng 
limeet Invaalona, in pieaervlng fornala and nebanls; thidr 
■erviee In the meadovra and gardeiia; their valne in 
protesUng live a^k, and their uaefulnon in the pre- 
aorvation of health and elimination of dlmoo. 

Remarkable Inatannea of the Mrda' airvioe to man In- 
otude the Introduction id thn Engilih apuirow into New 
Zealand with the vnaulUng elimination uf tho thialle 
and the eaterpUlar which were ruining tbe land and 
oropo, and the laving of AuaUnllan ogrionlture from the 
graiahoppen by the itraw-neoked ibto. In individual 
orawi of whieh an avorago of 2,400 graaaboppcri waa 
found. The itory of Krederiok tho (>n«t, wherein be 
ii alleged to have onlerud aU amall liinla klUed beeauae 
the apomwa had pecked at aome of hia uherrlet, and tbe 
rcaoltlng look of fruit but fine crop of oaterplUan two 
yeara later, provea a graphio leaaim. Tho “Bcalp Act” 
of Penntylvania, which [^d m bouiiUea 100,000 for the 
extermination of hawki and owla, hmt fur the Htato 
13,860,000 In damage b> agriculture due to thn Incrcaec 
of amall rodenPi whieh ruaulhal. When Montana waa 
free from hawfca and owla it became an overrun with 
deotruetlve rodenU, that the Irgialaturo offeniil rowarda 
for them—a taak which the banished bawka and owla 
had performed free of eharge. But during the Bnt six 
monthi luoh large sums of money were paid out that a 
speuial anaakin of the legialaUihe waa callial hi repeal the 
aet before the Htato went bankrupt. 

In nkaiing, Mr. Buekland makea a plea for the prniiM-va- 
tkin of all liirda as a valuable natural nweiiree, stating 
that if their daatruetion ia not cheeked, tliere will he 
wrought a rolaehjef, a unlvcnal dioaater, greaPir than 
words can expreaa. 

The liollaa Aerelogical Service, whieh Ima been in 
operallen niuce May, 1012, prelwlily n>|>nw<iila tlui meat 
thiiruugligelDg attempt that hna yet laaui made hi main¬ 
tain a daily survey of the direcliun anil feree of the 
air ounreula at various levels over an aera uf imtlonal 
oxtent. Aa compared with tbe analugoua (lerman ser¬ 
vice (WetbrdimM fUr Lvjtfahnr), whieh haa 21 alationa, 
the Italian aervioe baa. In a omalli-r area, 31, and has thus 
far publlahed the reaults of obaervatlens on a much more 
extensive aoale. Tim lahwt undertaking of the Italian 
Mwvioe is a daily bulletin, with oharta, showing the winda 
at various levels over Italy, aa observed at 8 A. M. and 
3 P. M. by mwna of pilot balloons and nephoaoupea. 
The aervioe bee also published detailed dlaouasiona of the 
obeervalloiu, whieh bring out many IntereaUng fueta 
regarding the air dronlation at various ktvela in con¬ 
nection with barometrie oonditiuns at the surface. Tim 
direetiir uf tbia aoronautioal weather bureau (whieh 
appaara to lie entirely independent of the regular meteoro- 
logieal service of Italy) ia (lapt. Luigi Mattouxal. 



Hew aeience aUa the saWw fai ladlag hia way acrooa cogMry hy algkt—Ike waHdag of tkt prto- 




Bara It may be 
ta dayttght (abcaf 
la tkM egad aaactly 
er edvaa v a Q kdal- 
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Nepal* 


Notes on a Visit to a Country Inaccessible to Europeans 


N»al Im UBiqiu Id tbbi rapart, that It remalDH a 
Rolltary Inataiice In tho wurld, of a friendly country ciiiiilDyi'd U elfe-t tlila HurruuodliiK nMiHlMtcd of two were i-iil to let It drop, 
which, from political renHonN alone, la iiiarceealblo to n'lsIinciitM «if NeimlcKc HoldlcrH dirucled by the Reneml Ibjio of HlrmiK ikjhIh cxb 
nurupeaiiB. Vor, IbouRh durhiB nearly a century oiir liwhlef of the Nepnlcee army. After tho wild clophanta, (.'mdunlly widening Into 
relatlaiw with Ita mien hero boon perfectly iienccful, alnjut thirty In numlicr, had been aurrounded, a lino of like a funnel, and were 
and latterly even cordial, ai\d though the proBcut roler guunla waa Ininicdhitely Htalloned at piada nfteeii to bung on polea, to form i 
(rf Nepal la a man of Kurotwoii culture, aiaaiklng lar- twenty yarda apart nil ruumi the foreat. At each of alley. The walla of <he i 
feet Hngllah. and umlemtnudlng Kugllah cuatuuia, ihiII- Iheae poata throe autdlera wen- on guard, who built to It wore covenal by gr 
tlca and drllliatlon In a way that few UrlouUI raU-ra theniaidvca graaa hula, and kept Urea bunilug all night elephanla might not suiq] 
do, he hna rigidly adhered to the imlk-y Inatltuteil fdxty 

yiwtH ago by llie all-powerful inlidater, Jung Halindiir,_ 

and haa maliitnined a ayatem of gnveriimeul which may 
be beat ileacrlbed aa a imternal dcapotlnn fiaiudial on 
tho rdlglmi and euHtoma of hlH laaiple. It la, lliercfor«>. 

Impoaalble for Rnropcana even to enter Nepnl uideaa 
MiaHdally Invited, na we were, by the Brltlah Kealdent 
at Katmandu, (kilnnol Mnnncra-Hmlth, V.r„ or hy the 
Maharaja Hlr I'.lundm Hhamahor Jung, fl.fl.li., <I.C.H.I., 


By Henry John BIwes, F.R.S, 

anil reeda high enough to ciaiceal elcphanla. Tin) force falling gate on one aide, auapended t 


let It drop. From the eii 
iig iKiatH extended for twi 
Idening Into two wlnga, v 



learned that It la iKwalble to do what hna never been 
ilono by any other Knropenn govenunont—to live an 
nelghbora on a frontier of over five humlrcd rallea 
without any friction with an Oriental nation dlatln- 
gnlahed for tho bravery and taitrlotlam of Ita |tcoi>le. 
And after enniparlng the conditlona which exlat In tho 
kingdom of today with the atato of anme parta of 
R<-ugat In rwTiit tlnica, I tliink that we can learn much 
fnau the Nefialcac In the art of governing primitive 
roiaintain mcoa. 1 will refer thoac who wbih to know 
more of the country to Rlr W. W. Ilunter'a "Mfe of 
Brian Hodgoou" <I«W), who realded In Nepal aa Bril- 
lab Kealdent for many yeara, and wlni waa the flrat 
to make known to oelenco a great numlier of lla anl- 
mala aiHl hltda; or to the “Imperial OaaelU>cr of India," 
Vol. XIX, (IMB), where an exmltent aeeount of the 
country will lie found. 

We arrived at Gorakhimr, In the United Prorinoea. 
on February flth, and met Colonel lUnnera-Rmltb. who 
had kindly Invited ua to Join him In camp at BIkna 
lliori, on Umi Nopal frontier, to ace a kbeddah whieli 
had beea arrangod to take idace near the locality when 
King George had irach grand tiger ihootlng when be 
wan In India fbr hla conmatloo. We arrived at the 
frontier by rail, and rode up to a camp In tho low 
laiter range of hllln which Incloao a flat, and In amne 
placea manihy valley, a little higher than the Teral. 
nu* UMual ayalem of cateUlng riephauta In Nepal dlf- 
fom from that adopted In other parta of India which I 
am about to denerll»e, and In much more dangerona both 
to the pnrnuera and the puieoed. It connlnla of driving 
the wild elephanb Into a valley where they can be 
nnrrouiidcd, and then, after oeparatlng thoee which It 
In Intended to catch from the herd, overpowering them 
by npeclal fighting elephanta and tying them up nepar- 
atcly. In thme flghta many of the elqihantg are In¬ 
jured, ond fatal aectdentn to the men ootPloyoll not 
unrammon. Bnt on tbU occaalon the Nepaleoe govern- 
meat had determined to try tho oyntom of kheddaha 
nanally adopted In Aaaam and flonthem Indta by the 
Indian government, and had obtained tbe eervlcen of 
Mr. Armntrong of the Bengal police, and of aooM of 
tlm idcUlad eletdiant catehera formerly employed by the 
government kheddoh department gt Dacca, which haa 
new been dlahanded. TWa valley , and the hllla nnr- 
ronndlng It am of much tbe eame character ae the 
Defarm Dnn, and are envend on the dryer land with 
fomt, mainly compoaed of oal and other treei often 
of macb larger dlmcnaloiia than thoee In tbe Debra 
Dim or In tbe Blkldm Torn], and In ttie open and more 
manOiy parta by a heavy gram Jnngift which forma a 
aanctaary for wHd eleimanta, tigera, rhlnocemoea, and 
otbar game whWi are praaervod ftiF non and aport 
At tUa aeaaon the coontry la dry, coed and healthy, hot 
In the rainy aaMon very hot and nmlarlona. The next 
Uiy we rode on to tbe Urge camp whldi bad hem 
Cooped Cot the men employed In the riophaot-oatchlng 
eperMloM on the banln of a river, end Comid that a 
eoMUereMe nmaher of wUd eiephaiita had already 
baen emrenoded U a piece cC Corett aboot tour mlUa 

ta etanafannoe, hoonded OB Um aoath by the outer 

rpnaa oC WJte, on the weat hy ■ river wh^ W waa 

IMV thiMp dry ud even, twd luutly ^ 



A herd of wild elepbanti penned In a atockode. 


to keeii the wild clopbaiita from breaking out. (hir 
iwmp WHH INI the low banka of a river overlooking the 
aeene of n|ieratlaiiM and cloac bihind the giurdllor. Tbe 
lint thing to do waa to aclect a poaltlon for ami build 
a atoeluide Into wbicb the clopbanta conid be driven, 
and in tbbi matter the old Jemadar from Dacca, a vet¬ 
eran of acranty yaan who bad apent bia life In tbla 
work, wan tke beat adviaer. Ho Inalated In going alone 
oil fiwt. Into tile ring where Ugere and rbluoccMeea were 
known to he at large with the wild herd. In order to 
ehoewo the moat anItaMe idace. For long experioure 
haa ahowii that wild elefihanta cannot be ilrtven like 
cattle, and It became evident, from the frequent at- 
ttmpta which they made at night to break out In a pa^ 
ticular direction, where waa the beat place to build 
the atockade. Thla toidc throe daya of hard work, oa 
a larga number of atrong poata flttoen feet long by eight 
to ten Idchca te dUnwIar bod to be Axed to tha ground 
and an p ported by atmte and eroaa-han atroof aaough 
to twM thg i i f tow ii t <C tha band whan drtvan te. Iha 
MBdi vto fl tt«aw iVMfl sar <Mt acm Witt • 


I hr fimr uighta that we were In camp welting for the 
Htoefcailo III lie built, there were eimataiit alunna at 
varloiiN imliitM on the line, bh the wild henl, after drink¬ 
ing In the river—wfcere wc could oficn mci- their liaeks 
and hear their tnimiM-llng and acreaioH fnini mir leiita 
- made efforta to And a weak apot In the gimnl line, 
rill the oeeond night a wild tnakor, BiippoHcd to U- a 
mgne, broke Into the aurrounded area from the uiit- 
Hhle, and made the Incloacd herd very uiieoHy. Ihia 
tiinker wan very bolil, and one night, Joat after dinner, 
lie eame down and Htwal within twenty yaida of the 
Urea where a crowd of excited men wore yelling and 
firing blank chargee In hla fhcc, aud wo quite expected 
that he would attack and break out But though we 
saw him quite cloeo In the moonlight, be cventnally 
retired and tbe camp lieeanic quiet again. On February 
12th, after aevctal alarma In the eoiirNe of the night, 
which mnit btva been a trying and anxlona one for 
the gnatda, who bad now been for four oommcntlve 
doyi on duty. Mr. Anmtnwfl nn iw n nc od ttat aU waa 
m4r> And tM Pbtst CldrfB preioal, wlMM Om «te|diuito 












soEirnnc AiiERicur sumoKnr iteiov 




were gcaerallj quietest, tbe drive would take place. 
Two platformii had been erected above the atockada 
Into whlcb wo climbed, and tbe drlvInR-pnrtf, under 
tlH) commend of AmiHtrung uud the old Jemadar, were 
mustered. Tbe Neisilwe were eeloi'tod from tbe most 
experienced JniiKlc men, and betweim every two of 
them one of the iMcca men accustomed to this work 
was placed. Absolute sIleiH'e was ordered at the stock¬ 
ade when the pnrty marched off In two llnw, which 
spread ont from the Htiwkade and swept the whole of 
the foreat within Ihe Kuard-lliio. and wlien the leaden 
met on tbe far side, is-rhaps a mile away from the 
stts'kade, gradually closed In toward It After walUnf 
an hour or so wc beard a arcat noise accompanied by 
many shots from the guard-line, which told ns that the 
oleidiaiits were isi the move, and the nobie come nearer 
and luwrer till wo thought that tlie henl must be within 
tbe wlngH of the stockade; but after a time tbe n<dio 
died down, and fur an hour nothing more vraa heard. 
Tlio same thing hii|iis>iied again, and at last Armstitmg 
came Iwck to the sto-kade, very hot from his exertions. 
Slid told os that the Neiwlese driven were ao exetted 
and keen that he could not keep them In order, and 
that on the lirst mixislon the eleplumts were on the 
point of entering the wings but were so frightened 
by the noise that they broke back. After a eonsnlta- 
llnn It was decided, on the advice at tbe Jemadar, to re¬ 
move the cloth ecreeiiM to another poaltlon where the 
grass was thicker and wait a hit before trying another 
drive. This was done, and about n P. H. a final and 
successful effort whs made. The elephanta came on 
within the screens, and then Armstrong and his men 
lit grmsi (Ires behind them, awl by dint of firing snd 
yelling got them on the move townnl the alley. Into 
which an old cow tint came rushing down. Tlie ntheri 
followed her, aisl os soon as tboy were all within the 
wider port of the alley the crowd of mon yelling and 
llriiig rushed them forward In a long line. We amid 
only are their backs os they came down the alley ono 
nfter another and entered tbe stockade with a ruab. 
The rope which held up the gato was cut a little too 
soon, shutting out otic or two of the hindmost eliqihantB, 
but these were dctormlned to follow Uielr eompsulons 
and forecil their way through the gate, which was so 
hung ns to inish Inwutd. nie whole herd was then In¬ 
side, and niitil It was dark they continued to go aroiiud 
Slid round In a dense cniwd, white the meu who BU^ 
ronmled the stockade prmided their trunks with spears 
or fired blank cartridges In their faces when any of 
tlie larger ones tried to force their way through. It 
was very isirlous to see tbe way In whirh the young¬ 
est eleplmnts, of which there were three only a few 
misithsold, managed to save themselves from being trod¬ 
den down, by kisqilng between their mothers' foreleipi, 
and the earn which their dams took to iirotect them. 
As It was then tiu late to begin to tic up tbe animals, 
wo left tlie stockade at dark to tbe care of the gnards 
who had now left their posts and eome to the stockade. 
Next morning wo returned to soe the process of roping 
niul leading out the elephants: but though several of 


now had to do In such a dense crowd of eleiihants. 
There wss not room enough for tbe noosers to go In 
uii foot, and tbo constant movement of the crowd surg¬ 
ing niuml and round made It very dUflcnlt to get nooses 
on their feet froin the outside. This work requires ex- 
IMTiencc which the Ncpalem had uot previously had, 
aisl from tbe plriiires, which were hi 
lu Southern India where they have ii 
iiisstliig In a stockiidn. It seems tiuit they are there 
more adept In what seems a most dsngenHu work. 
Rut Ibongh Uie mahmits had spesn with which the 
prick the tmnks of aii>' wild ones whlcb might attempt 
to touch them, I never saw one offer to do sa Many of 
the caiSuml elephants now seemed to set very Ured and 
thirsty—as well they might be after such days and 
nights as they hud endured—and we never thought the 
young ones would hare survived; but though It took 
three dsys before the whole thirty-three elephants were 
finally tied up and pulled ont of the Inriosure, not one 
was seriously hurt, though several of the oldest were 
released as not being worth the trontds of training. I 
will not occupy your time any longer with an account of 
this process, which hos been well described by Sander¬ 
son and others. But though native mahouts, who have 
spent their lives among elephanta and have Inherited 
from their fathers n knowledge of their monagefnent In 
beallh and In sicknoas which fOw, If any, Utaropeans 
hove ever acquired, I bdJeve that a lover of animals 
who w<iuld pay the same attentten to elephaiits that 
many BiigllNliiueii do to horses would Isarn a grant deal 
whioh wmild be valuable In managtaig the dephanti 
which are still Indlapenaable In the fonda at Indlib 
and nilgfal be even more useful In some parts of Africa. 

Ten days later we arrival at Raxaul, a frontier sta¬ 
tion a little to the east of BIkna Thorl, where the Bed- 
dent bu a bungalow, and when be bad made inug» 


the outer renge of bllle 

a low rocky 

range In which, Mmm losgt/oUs is n noUceable hot not 
Important tret; and pasting througli a nanew gom 
where In many places the dry rlvtf-bed la the only toad, 
smnetInM Impeimtble la the relay eaeson, we croated 
nil open vaUey where tbe cottoo tma, Bombew ssaJe- 
Moiisi, were of greet slaa. One of whlA wai ISO fad 
high by 30 fOet In girth at 6 feet from the ground, and 
about 60 fOet round the bnttnasea at ground level. 

We then followed tbe banka at a rtvar aloog a rend 
practicable for bnllod; carts end wooded with tnploal 
trees, but not nearly ao luanriant or ao varied In Its 
vegetsMon as a valley In glkklm of almllar elevation 
would have hem. Tbe Urge white bloome of a shrubby 
climber called BeaumoiUla were at thU aeaeon tbe only 
striking floweta I saw, and along ths rand tbers wen 
hut few birds to be aeen, as nnmbets of bullock carta 
were constantly pasdng. In the evening we readied 
Klilmpbedl, a Urge vllUge at the toot at a 
of mountelns over which the peth U qnlto UipiaetlabU 
except for coollee; end here we wera mat by a periy of 
men with dooUea and tewebes, who sntt e med all the 
bearers 1 have ever aeei 
n man of my weight U 
n gradient of thirty to forty-five 
with rolling stones was a worit I ahould hardly have 
thonght possible till I experienced It; and they only 
stopped for a few momenta to ralUve each other on an 
ascent of over 2,000 fCet Near the top of thU moun¬ 
tain, the Besldent hea another banislow at Hlaaiarhl, 
between five and six thousand fOet above the see, where 
we found dinner and beds ready. Next morning we hod 
a flue view over the outer hllU, and found rhododen¬ 
drons In flower and evergrsen oaks all araond ns on the 
dry gramy hillsides, reffllndlng me fir more of Ohak- 
rata In the Northwest HlniaUya than of anything lu 
Blkklm. Next morning we went on with the suns 
doollea, and after cromlng the ridge at aboat TfiOO frrt 
descended on foot by a vary steep rocky path through 
a fairly thlrk foreat on the north aide, where, though 
some orchids appeared on tbe trees and dlmUng plsuts 
and ferns wera numerous, tbe whoU aspect of the 
vegetation wan uttt'riy unlike the much dumper forest 
at slmlUr elevations to BIkUm. At the fort of thU 
mountain we found pnuUs kindly sent by the Iftharaja, 
and turned northwert np an open dry valley, cultivated 
In places with wheat and mnstard as winter crops to 
smtll tcrricod and Irrigated fields, and passed over 
l>an> grassy downs cm which a plentstlon of JHnas co- 
ivlta bad been made. The vUUgers’ bouses were built 
of brick and roofed with tUea, mcstly twoatorted, the 
npper floor being Inhabltnd by the peo^ and the lower 
used for cattle and storoe. A small prlmnoe, Frtmubi 
Menrofi, a PolygoDum like P. oaooM/oNass, aod a amall 
stcmless Tragopogon wera the Brat slgna of ai^ng. 
Crowds of Hindu pUgrima on their way finml the pUlna 
nf India to a religions festival at T 
tbe road, nearly all walking, but 


travel to Aslatie coBatries, IndudUg AaU ItUMr, 
Japan, IhrmoM, Odna, Java, the lUUy jP^ 
Insula, and with an InUmate knowlodge at Hkklm and 
other parta at India dating bock to )8N1,1 fonnid tha 
optoloa that the goroninient of Nepal U g fom of 
■uvernment wan anttsd to the ideal of Ortental peopleA 
Thoogh tbanlan of Nepal hava rigidly hspt tbolr coon- 
try free from Boropaan adncaaon and eomnw^ and 
hava atrictly odhorad to the tanata of tbair own (rtlghm 
and enstoma, yrt the facts that Bm peopU appear 


» may be pnad, 


India, to nmark that thU waa the only country be bad 
ever seen where It woa poeitbU to pam thoueands of 
women without a smile im tbo fOce of one ef them. 
The contrast betweon their resigned 
exprosnlon and the smiling fhees of the Nepelese' 
who crowd the baasar and ss porters 
stranger cm his arrival at Oarjertlng, U very striktng. 
til tbe aftertmon we ascend anotlwr steep ridge through 
forest mainly of ev erg re en onfc, and at the lop had oer 
first view of tbe great opoa valUy of Kstaandn with 
the snowy mountains in the baekgraund. Tha greet 
mien valley terraced and oulUvatad whsrever pemtbto, 
with the dty of Katmandu la the middle of It, and bore 
mountatiis covered with brown griae and semb on the 
south exposore, formed a acene which, thoogh benotUnl 
In Itself, was so uidtke and oo vmy tnfortor In grandear 
to the scenery of Blkklm that I ooold hardly brtleve I 
wss ouly two hundred mDea to the west at that an- 


PUgrims, and eooties carrying tBUsense bordcas of 
Ironware and Bufopsan goods w tha way to lha vaUey, 
crowded the path; whUa 
laden with eoarae dirty woM from the Intarlor. Ite 
last deacmit was so and dtOonlt that a hotna- 
dealcr bringing ‘ 

In getttag them i 


army Is ana of whldi any Orlontal at 
and that law and order prevaU to an extant wUeb has 
kept the lalatlMM of their petqdo and onra peooeaUe 
and frlmnUy for a very long period, prove that such 
a form of g 
tformera eai 

ditloB of Nepal la oompared with what it w 

bloody quarrrte amoiif tbe rolliig 
of the Boyal Family ware eomnoa. 
Olio moat admit that for a country whore tho land auU- 


prodneta offer few openings for trade or manufactures, 
fortonato. I cuuiot help 
in the frimdiy 


with the attitude and oomparatlve want of sympathy 
Imtweni Burapeona and mant other nattvos of India. 
One cannot work long with Nepalese wHhoot acquiring 
a respect and Ilktog for their plook, endurance and 
rtacery goodwill nnder caodltloas of danger and hard¬ 
ship; or Ignore tho devotion they obow to Baffilahmen 
who treat them properly and undaratand their waya. 
As ploneeie on the norUioast troatlar of India tbay 
have no rivali, and though there li much difference bo- 
tweoD the varlona anatea and tribes, yet, on tho average, 
I prefer them to any other natives of India With whom 
1 have bad to da Tbe fact that we are ablo to recruit 
and maintain no leoa than twenty battalloui of tho 
Iwnt native tofontry in India entirely drawn from Nopal, 
and that tbo laborers employed to the Urge and im¬ 
portant ten Industry of British Blkklm have been almost 
entirely aupplled by Nepelese Immigration, proves the 
Importanco to British India of our friendly rclatiaaa 
with Nrttol. 

The Maharaja has done much to Improve tbe native 
breede of cattle, and bos imported from India and 
Knrope bulla of varloua bneda with thin object He 
Is also trying to Improve the aheep with tame from my 
own flock. The native aheep are a large ooaree wooled 
breed, almllar to those kept by the Nepalcae on the fron¬ 
tier at gl k k l m and commonly brought to Darjeeling for 
mutton, and are able to endure tho cold and wet dlmatc 
of the hlifoer tongea better than the Improved breeds to 
Bn^and would prohebly do; but below, about 0,000 or 
7,000 foot. It to net a country gauerally inited to ibeop, 
tbougb gouto are amnerona. 

Buflaloen are kept to torxa uumbers In the Tsral. 
and are volnod for their milk and meat but do not 
seem to be need for agricultnre oa rnneb aa to Formosa, 
where on ataqy faUtohtoa, lying with a dope of twenty 
b> forty degreos, narrow Irrigated terrocea ore ploiiitiied 
by buffoloee, whleh are much a 


In Nopnl, oa t 
done by band labor, and Irtlgation to ganeral wherever 
water can bs brought In tho dry weather U waa Im- 
poaolMe to Judge of the arapa, but (be rioa and matoe 
stubble did aot I ndic a t e sudi good mHI n la Slkkiai; 
and I ballivo tbe aroa of land avallabto tor cnHi- 
moot parts at the 
lathapopata- 


tnd the troiMtor dtotricto of A 
Both otoM tram thalr chndbood aoqalra tba-haMt of 
earrytog vmy baevy loadaoa thab badii, ovoetolljltte 
Mbas of tho htobor tarOta^ who oany «n uanrly aH 
tha tnds botwaaa M|ial ud TOotlb toada ofttom 
BO to aoo poonds oror patha that w^ he taapaMUhto to 



raoelvad by Odontl KuMra-BotfO. 
It to dtOenlt If DoC 

oTa 

ppottBBHgrof 

thapao|dalith«|y 
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tmmi «VI matwDy Moot tte i OTi n i— it > to pa/ 
■to* afaMHInii to ttato and Indotoa thaa ttar bara 
deaa at totolBt la a pfoUw tbat Obm alaoe caa lolTa; 
bto op tffl ao# DO iMnalaitoa baa ban (hraa to anjr for- 
alcDm to obaik cn aaeii totoqnlae—Nepal for Un 
W epaHae betaf tbe lUrad poUqr to tba paat aad pneeat 

Of Dto natural bltooir to Mqal I can eajr IHtle froo 
pacagDal nbairTatloii, beeaoM wo warn not able to Tiatt 
tha to tba Interior, whore are found a great 

farletr to blrda aad anlinale wbldi hare been deacrlbed 
ataajr pean apa bp Hodpaai, who, dartng bla long real- 
deDOOk e m ploped natlTO eollactota to procure, and naUre 
artleta to draw, all that be could get In this wap 
aMwt to tbe rater aatanala wblcb Inhabit the central 
Hbnalapa were llret made known to edenee, but of 
their dlatrtbntlon little to known. Thera are a number 
to tenm lepteeentod la tbe ncnttawert Ulmalapa bj 
apeetoe dUfennt trmn tboaa which are found In Sikkim 
and Bhutan, and It would be vetp Intereatliig to know 
whore tbeae ■wdeo meet and whether they overlap 
aad Intotbrned. Bat tbe mountains nearest to the val- 
lep, where alene the Besident and hie frIeiHb are al¬ 
lowed to go, are too low, and ao lltito virgin forest 
renuUne. that tbelr tonna and flora are much poorer 
thaa tboaa to Ktnaaon, Garwtaal and Mkklm. In the 
Malulraja'* gronoda at Katmandu we saw thrco living 
daar whkdi had been caught on tbe frontier of Itoet 
and to which lUtle to known to Haropeens. Quo 1 be- 
Ueve tobe a femala to the epedes known aa Oerose Vat- 
IMkN. to which a One male, now In tbe flodoglcal Gar 
dean, wan prenented bp tbe Ifaheraja to King George 
when In India four peaia aga Another to a male of 
dereae aitote, which inhahlta tho high forest country 
In tbs nortbwsst of Bhutan, and whoae antlers are sume- 
timsa brought by naUvea to Darjeeling, where it Is 
known ae the Bhoa The third to Oerwu TknroUl ~ 
C. tlUmiHs, dlaoovered by Dr. ThoroM 'In tho country 
nortbennt to Lhaan and not known to be n netivo of 
Nepal. 

In tbe Maharaja'e palice, which la a large modern 
bulhUng In Buropean style. I speolnlly admired the 
very doUcate carving which to dene hy native enrvem 
In a wood known aa Dar, BfihmerUt regsfoea. Wall.; 
thia la a vary dose^ralned red wood, easy to work, ami 
found along the lower bUU, but not usually atulning 
a large stae. The Immense quantity to lino woodcarv- 
Ing, with which tbe older bousee of Katmandu are 
adorned, showa tba talent to the Newara In this branch 
of art, which, however, ecoma to bo a dying If not a 
dead Industry, aa tbare are now no prtoeaalaual carvers 
eacept theae employed by tbe Mahareja, and no shiqM 
where auch beautiful work can be procured. Tim same 
seems to be true to tbe workers In coiiper, brass mihI 
silver, who now work only to order, and I cannot hel|i 
thinking that these arts might be encouraged by mak¬ 
ing an outlet for tholr work In Hrlttsta India, where 
there to now a good demand among tourists and rest- 
dents for the Has metal work brought from Lbaiw. 
much to wblcb to afanUar lu character to that to 
Nepal. 

To meat travriera the bollditqm. templee and ancient 
mooiiBMeta to the towns of Katmandu and Hhatgaon 
ate probably the greotast attraction In Nepal, as their 
orehitoctnre to unique. 


We muet remeoOmr tiiat although at the prceent day 
Buddhto m and Brabmanlmn both obtain In Nepal, where 
tba two era Indeed IneitrlaBbly coolnaed. It was not 
always ea When the Buddha made hie flrat converts 
In the Himalayas, flvo bandred years or m betoro the 
Obrtottan fta, he found Brahma atom tbe eetabHabed 
rellgloa to NepeL Therefore, Jnat aa birds, nnder the 
memory of the spedea for a ooca warm haae, go north¬ 
ward with tbe spring Into Arctic lends, so these poor 
Hlndna move northward to a boom to the Infancy to 
tbelr faith. 

I have aeaa many pilgrimages—pUgrlma from the 
farthest eonfliMa of the Roman Ohnreb drawn to 
IsMirdoa for healing; pUgiima on thtor way to Mecca; 
Umiriana from fllberlon waateo .ocano down to the Jor¬ 
dan for tbe dipping to tho ahrouda that will enwrap 
them when they die; Hlndae from for Oeylou bathing 
In the Mcrsd river at Bonarea—bnt tola pilgrimage 
In Nepal wai oertololy In aome way tbe moot remark¬ 
able. Of those thoaaauda to' itniggllng men and women 
many were Inflrm and aged, some ao worn by the banl- 
shl|ii to the weary way that they would ptabaMp not 
live to see their homes again; a few who had miniey 
to spare for this advantage were huddled up In baskets 
on porteia* backa. 

Tbe Gurkha, aa for ae Nepal goeo, only dates from 
tbe eighteenth century. We are here coucemed with the 
Newer, the original Inherttant to the country. The 
Newer la Tibetan, aa (he Gurkha to snppooed tu he 
RaJpnt, in origin. Hto are the arts, the Indnatrles, the 
agriculture. All, then, that we see here In these ph'- 
lurcM—aidiitcrture, woodcarving, metal work, stone la 
Newar In conception and woiimunshlp. And although 
the pagoda In principle to Oblneeo, Ua detail to ao en¬ 
tirely different from that which we are arcuatomed to 
aee In works un China, Its dacoratton to so vigoroua, so 
iineonventloiuil, and so true to life, that Nepal may he 
said to have a distinct art to Its own, aud that art 
expressed hy great orttota. 

The Newar la primarily an artist In wissi, and bla 
control over that medium to astonishing. The decor¬ 
ative forma to windows, dnote or pllniha are not con- 
lined to shrines or to hwises of the well-toslo; It Is a 
prinelpio throughout the land, aome to tbe poorest eisin- 
trr cottages having most lieaatlfnl workmanabip. Tbe 
phdura to a wayside cottage abowa the umo form of 
hommhue-headed window, with Us lattice, that we lalcr 
find olaborat(<d In tbe wonderful buildings of the town. 
Kot although geometricnl design forma the basis of this 
work, It Is not “left at that." as in the lattire aerrena »>t 
India aial Riirma, but, where the money was Bnnciput, 
la overlaid by a rompllcsted tracery of fuilago, flowers 
or anlmil subjects. These are not only In tbelr main 
Hues tnic to Nature, and therefore quite recognlisbln 
(iioticn the mango over the doorway), bnt arc Rrranged 
In a weH-dcflned scheme to composition In the miad 
artlstle way. The ability lo imitray well-known ani¬ 
mals Is common even to primitive jssiplp; the reindeer 
of the Cnvc-men are real reindeer, the antelopes of the 
Ilusbmen are unmistakably Oryx or HaMe, ns tho <-asc 
may be. But these peoplo, each In their day, were the 
cktUreo of the world, and tbelr drawings, like all dtsw- 
lugs done hy chlldmi, Insisted on detail ss the child's 
eye sees It. 

The Newar artist had advanced a long step forthcr; 


bo wta no numery artist—he bad “arrived." He knew 
exactly how to geaerallxe, bow tu Insist lui the lilg 
fCatarei that gave Ids plant or his aulniul lls retsig- 
nhuble character anil IndlvMusllty, uiiil how tu dnqt 
all tboso detalla that did not lell. And this wns equiilly 
tme whethar he worked in wihsI or In iiietsl; less su. 
Iierhapa, In atone. For sll tlial, when funu ileuisinlisl It, 
he could he aa strictly eonveullonHl ns ii i:ns>k. As 
examples of this, nutlee Ihe iisiveiilliiiisl lulus mi the 
well-head and un the enpltals to tls> niuiiuiueutul inl- 

Two types to temple nre noticeable In IIiism* pleliinsi 
—the Chaltya type aisl the I’sgoda tyjs- Tlie llrst Is 
the Risldhlst form, tbe iSIiit Is Neisilew' llliiiln. 'niesc 
latter are not found, 1 believe, In Inillii, If we evii-pt 
one that stands out nunilslukslily uDiiiiig Hie tisnples of 
Benans—the pluns gift of u MuhnniJa of Ni-tsil. It will 
be noticed that each slury of these iwkirIh liniples Is 
supported by long wooileii struts. Rwnuns- to sts'h n 
devlee lo support an overliniiglng iilinUi or ulber strui'- 
turc Is elsewhere common enough; a foiiilllnr IUMlaiii>e 
Is that of the Ponte Vecchlo. But the Newsr tins gmie 
one better than the Tuscan, for he liss curvnl euiii strut 
elaborately from end to end. 

The ahrinen wisild take a iiaper to Ibcniscives. Tliey 
are of wood, metal, and stisie. In notlelng tliclr ex¬ 
traordinary wealth of deinrsllmi. It is iiiss-sHsry to real¬ 
ise that nothing Is Intrisliieisl wlihuut s mesiilng; thst 
each detail, decorative ss Is Its effect, liiis n illsllinct 
and definite slgniflcanre In the nilKliius Hegimniv of u 
people's worship. 

The doorway of the Durbar Hull In Khstgsoii bi, uf 
course, well known as one of the greatest acblercmcnts 
lu metal In Ihe world. It Is of copper overlaid with 
gniil. It Is, lmlpc<l, a thing of fusiHnstloii; the folds uf 
lls serpent seem to writhe, llie llxnni on Its lintrl might 
he darting lu the heat 

Rut to all the ranarkable sisl N-aiiliful fcstiirrs of 
Ihe streets of these Nepalese I'llles, uiitliliig liuhls the 
atlentlisi so strongly as the inmiuiiicnlHl statues I do 
not kuow whether these are ahsointely pn-nllnr to 
Nepal, or whether they sre also imd with In THs't; the 
writer, at leoat, had never seen imyililiig like them. 
Ttipy are aculptured portralte of various rulers who 
built tbe temple In front to which they stand. First 
there Is a simple hose, then a aqiurc stone ))llbir, per- 
liatiH .to to M fivi high, then a beniillful capital of lidiM 
iwttem. On this Is iilaeod aometlnii-s a throne of PO|e 
per gilt, baaed on animala—clepbanis or olliers. On 
Ihe throne tbe Newer king la seated, with the cobni or 
a gilt umbrella as a canopy above him. In some cx- 
aniplm bln family are about blm; In others bo sits iiptsi 
no throfte, but kneels In an attitude of adoralinn ls<fore 
Ihe temple to his grab. No descripUnn could ndeqiiately 
convey an Idea of the extreme and Issintlfiil dignity of 
these moDumenU What they owe to their surrmiml- 
Ings It la Impossible to say; they bclmig to Ni-isil and 
not to Trafalgar Bipiarc. There are. at any rule rni 
the Haldan of Katmandu, some very fnlr r<|uestrlaii 
flgiires of MahaniJaH that are of westeni making: mid 
to pome upon these alter the others was bi change the 
Hiihllme for tbe commonplsee. Heen where they were, 
these columns of the rulers seemed stnictiirally, dranr- 
atlvely, spirttiwlly, and lu their bcantUnI niswe, a IlnsI 
wonl In art. 


Ito COfobiMtlMi Of Cod IB BoUer Fnucai 

Hr a pnHinlnaiy wport on a aeriea of experimeute 
confloctod Iff a. K. Olennnt, J. C. W. Fcasnr, and a B. 
AngimtlM on the foctors mernlog tbs eomboation of 
cool la boltor ftmaces at tbe Bureau to Mines, tba fol- 
towlnc piaelktl priata an noted. Tbase lugipatlonR, 
tofsthta wMi a dataRed adeoant to tbe flrat of a eeriee 
of expertaMate on Um above enbject, will be found la 
TMbakal Paper Ka «. toaued by the Bureau. 

Tbs sfoetoat sst to eosl to derendsut on peopar fur- 
naos dtoflfln os well aa on proper pring and eoalrol of 
tbs faraaoe^ Maiff. fonoeea are bdlt without iwrd 

to tbeMiidDl duwBctMtottoi to the fBel to be naed. with 
the fsaaK that for yean fuel haa been burned In an 
iirafwLis' and waitetal maatier, and ao na to aggravate 

’^a’ttedmdito^baaer fOntaeM tho requirements of 
afodeat eonhadtoB have baen nude leeoDdary to many 

lata lawoitast focton. latfalT beeaiiH to a tack to tkifl- 


UumhuatliHi b Influenced hy many foctors, the most 
Important of which are the following; The volume and 
sbsisi to the combUBtlan ehamher; Ihe klisl of fuel und, 
especblly the amount and ohararier of the volstllo mat¬ 
ter and rate to flring; the rate of hesUng the fuel; the 
air supply; the rate at which air b mixed with Ihe 
combustion gases In the furnace; and the temperature 
of the combustion chamber. 

Tba compoelthHi, as well as tbe amount, of volatllo 
nlattor given up by a given coal varies gresUy with tho 
temperature to which the cnsl b beetod end the rate 
of hestlbg. The tnflneoce of temperatnre on the amount 
and compoaltlon to the votallte leatler distilled from 
rnriaus coab has been slodled by rorter snd Ovits of 
the Burcan of Mines.' The}' found, tor example, the 
following values tor the volnnio to combostiblo gas 
gtron off In ten minutes from 10 grammes of elr-drled 
INicahontai coal; 


tote tetowtotlOB about the processss tocomta iitloa ,iHsp«sUrs to forasm. Cmt.. mw too aoe eon 
TItatatalwriliK toeoto wv beeoBsldMsd as taking ^uumiua gta nMe css- 

Ptaeatat tiKStafta: (J) Dlatniatton to volatlta matter uotosn .^.- 'V. '.' "* «« 

dad jsfofol outabatotao eo the gntb and (S) oombuu- The amount to tar produced Incnuaes with ucreeae 
Non tfoilto'OPlriNBtllB to ttn fluea rlalng from to terapcfutaru In about tbe same proportion as docs tbe 

AeatoT^snAd toass to tbe PTOCtaa volume to combutoible gam. 

*Nff\ii* taMfoto; ft li sOtaaBal that the eosabmitlle The haavtai oooitltoeate to the volatile matter, espe- 
bttotottt tosta-tot'fo^D tht fnel bed nlnnln kmc enoutoi dally the tar, do not bun readily and require more 
jn .Hjfl'IO^flMUlM Alabto to be entfnly b ur ned btom rime for emtomtolM. Tbe higber the tompentare at 
atalSrdMntobfftotonst iritt ttsrtoatlvnly otod which toatUatkm tebei ptaee, therefore, tbe greater b 
to too amall tha the amonnt to vetatlta matter foawn oC end the mora 

"TpSrtirit ©. esi onta r- vtoatnTmaitto to 

Wi* ■toiMB.l.BtoantoHiBtamo.NiPRipL.ttP- 


dlfflcult Is tbe combiislkin of Its constltueiils A rspld 
rsle of heetlDg of Ihe fuel produces a rapid evoliitlon 
of slow-burning vulallle matter. A alow rale uf hrst- 
liig results In a gradual and unlfortn llberntlDii of Mila- 
llle gases, wblcb arc more nsidlly cnmhiiHtllilc. One 
advantage In the use of ihe suhinintle stoker over luiml 
flring Is that In tho automnllr stoker the coal h hcalral 
gradually thrnngh the tcmis'raturrs at which dlslllln 
lion lakes place, wlH>reas In hand flring the gns-n fuel 
In thrown (si the Incsmlescent fuel Iw-d anil Ihns liciilisl 
tnsn mnu lemis-rature to Ihe furnace teinis-raliin-. 

In the testa described In this reisirl the supply of 
ri<al was regnlated aiitomalleslly and Hie rate of heal¬ 
ing sraa constant for each rale of tiring. In ii fiilnri! 
levestlgallon It Is planiasl to rnry Hic rate of healing 
tho cual ami to study tho relnllon In-lneen the rnlc of 
healing aud Hie rnlunie of emnlnisHon sisiee rapilnsl 

With Ihe ly|s> to sloker nsnt In the 11^18 tho eoal Is 
fed continually to the grate, nisi with |ini|sT regulallm. 
of the apeed of the stoker engine IIh> lliickiicss of fm-l 
hell may ho kept fairly cuostnni. In the tests with 
ISvahontas coal the tlilekness uf Issl carrlisl was nisint 
six Inches. No attempt lias been nisde lo study the 
ninllnn between different thiekneHsi-s of rnci bed and 
Ihe spnee required fur romhuallon. There Is iiniple e\l- 
dcnco at hnnd to show thst excemlre tlilckisw of Issl 
fovon the formation of CO by the n>ncllon: co, 
aCO, the reeeHon that takes place In the gaa pmiurer. 
Inereoalng tbe thtefaima to the fuel bed. Hiereforc. not 
only redneea the eomhusUon s|mci> alsive tno Issl. bnl 
producta greater quanlttlei to CO. and Ibua Increases 
tb* muM to eamboittoiMhambar spue requlnd. 







The Uritrfrt bailt fiviirht carrier en the Great Lakca, Jaat after laBachlajt. 


Freight Carrying on the Great Lakes 

When* Immense Quantities of Grain, Ore and Coal Are Moved in Bulk 


WiMT N iliiliiMil til Ih- till' lurioul liiilk frclirlit uti'aiii 
nIiI|i III 'ill!" Wiirlil hiiM Ini'll iiiiiHtrm'tiil at I’lirt Arlliiir, 
raiiiiilii, III curry anilii iM'lwwn iHirlH on the Cn-at 
laikcH, Hiid linn a cn|Niclty of MCi.llOO liliahcla. or ap- 
Iiroiliiiiilcly a) tniliiH of 3tl cam each. It la oai feet 
loiJK, nil fcol Ihhui and UH feet dee|i, with a water bot¬ 
tom. and aide tank IH4 feet, exleiidliiR fnaii the keel, 
ii|i to the main dii'k, and from the colllaliMi bulkhead 
Imck to tin* ciikIih’ liiilkhead. aial dlrUliil liy a iifiiter 
kii'iNini, Hide liiilklimd and nolld tloom Into liriecii wa- 
IcrtlKlil iiiiiiiiartiiieiilH, which may U' fliHuUil or |iiim|ail 
mil liii|l\ldiiHlly, an cuiidlUoiiN may minlre. 

The iiiiialruHloii wan on the iNlairwoml H.l»teiii, nai- 
HlstliiK of loiiRltiidliiiil fraiiien with tniiiverse Mi-tluiia 
of pliile and aiiRle, H|ia<'ed eiery l‘J feel. Tlie carRu 
liohl, -l.'tll feel III IciiRth, Ih dIvliUil liilii hI.\ <iim|iart- 
mciilH li.\ live Nolld Htd'l liiilkhiiida, enlmini' to wlileli 
In kiiIikiI by •'t'd alecl baU'heM, iipeiiliiR from the a|iar 
dii'k, and Kiiaml 12 feet centem. Tlune halcbea are 9 
fii-t wide by 4114 fw’t long, and are covered with nec- 
lloiial stii'l iilale folding eurcra, operated by atoel 
cablcH fnan two dii-k wluchea, nud clamped down with 
a iwteiil liotcli fiiNtciier cepecially dndginil fur IhU type 

Tlie laiwer plant liicludea one vertical, triple oxpaii- 
Nbni ■Hgliic, wllli cylliiileni 24, 85 by 42 IiicIifh atnihe, 

Inivliig an Indicated home-power of 2,1*10 at N5 revolii- 
lloiia,|a>r minute. Strum la furuklieil by two Bratrh 
iMillcm JU feet diameter by 1114 feet limg with luduved 
ilranglit. working under tlie preamira of ITO pouuda per 
miniire Inch. 

The Nteorlng engine la of the lUiert actlug typ^ with 

th hr »-liidi crllndeni opented with Mmotor §ear, qnuten oq (tubowd rtto Ob tto port ltd* hmtMl 


By Day Allan Willey 

I'hc elii-tro lighting plaia (iniaiata of two 16 kilowatt 
geiicnHIng HctH, Inatnlled In the engine room, with acp- 
arate cIreultN Bttcil for tlie dtffernDt parta of the ablp, 
liieliuling electric mant head, etern and aide llghta, mo 
arranged that ahoald any of theae ligbta go out, the 
fact will bo Inatantly noted In idiot houae by pilot llghta 
Inatallod therein, wbleb are lighted antomatlcally. Utie 
of the two 10- by 30-lneh wblatlea la alao eleetrieallj 
controlled. 

A feature very aelihan fviinil In llie freight currh>m 
la an he UMchliie large enmigh for refrigerator eolla 
ami hv tauk of two tuna ni|iael|y. The aimr deck for- 
wani la llttiil up for laiiHengetH, ami la Halahed hi full 
iniM'l of mahogaiiy. <imtaluliig four HUtenaanM nnd 
Imlh, oieniug off a large receiitlon rtarni, wlih-h nnn- 
munhiilea by atalm to an obacrvatlou room on the forc- 
cantle deek above. 

The eaptalu'a i|oartem are in the “TexBa,” aud are llii- 
lahed In quartered oak. Including olHce, a bedroom and 
iMlb, with a atalrway leading into a pilot houae 
direetly uverheaiL The forward -ernw'a (|uartera arc 
ha-ated on the mala deck, and arn UulHhvd In oak with 
white pine celllnipt, each room containing bertha for two 
lamide, with cxeeptioii of the nute, who baa a aepanito 
mom, Theae quartan Inriude balbroum, ahuwer bath 
and large reading rumn Air the aallora. The after deck 
houae eontalna a private dlaiiut room for pemeiqpvN, 
Rulahod in quartered oak wUh white pine cetllng, and 


quarton fur deck bonda, atewanhi, the galley, and Jee 


Brltlib Shipping Tomuge 

ttTATiericAi, tablet loaned by IJoyd'a llogbitar give 
the merchant veeaelt of the llnltwl Kingdom on Decem- 
Iwr aiat, 1814, approximately aa followa: 

VeHMlH. ciroHM tona. 

Hleaui . 12,H64 1U.H6J48 

Sail ... ^2IO 884,»H4 


21,067 

Thh la tim llrat time, Maya the Hklpphtg Qasclle, that 
the flgure of 20,(11*),0(10 tuna hon ever been raached. and 
It WUH attnlncd after Hvo mutilba' effort on tbe'pait of 
I lie HoiDiid grealent marltliiie power to wipe,« iioaH 
inir mercbniit Nhipping off the arao. ^ nuke the 
pmeilveneMM of the Bgnrea atlU more (dear, let ua 
ftiat the tonuago referred to In that reghrtered In 
Uidted Kingdom alone, fer It iloea not Include that 
iMiervd III otbor parta of the Kmplre; and that the emn^ 
HiwiKlIug figure on December Stnt, 1818, woe lAOOlJBUO 
toiui. 

(kmariinently, during a year, which Indndea fflve 
moniha of ocean warfere, the rogtater ef the United 
KhiBloni baa Incngacd hy 4O4.660 tona of iblpplng. But 
It In reaUy better than that' Tbm wen added 40407 
tona «ff atuam. and femoved ffr,4n tan* nt nU. Thm 
the net gain of 404,8ltt tona li a ■udi loyfor gddlQiB 
than It appMn, beranai Meom teongge to moip llllw- 
tire thu oail, IB the pnpomoB t€ ttlW tg 















klnda, iM m (MlaKp that It will not mIhihI IratiMportn- 
tloQ for Ion* dlataiiMM, no thorp are few regloua whoro 
thia delldouB fmlt la In Ita beat f<imi; hut the perfec¬ 
tion of modem eauiilnir procoaooa now mekea it poealblo 
for potwie anyhero In tho world to kpI the pliuwpiilo tu 
a reolly dealrable and aallafiictor>' form. 

lu the bunlnem of uanuluK pliioapiilco Hawaii lina 
taken a loadlii* tMadlloo, a rmult of abundant auiiplloa 
of fruit of a auperlor flavor, and the moat modom and 
aaiiltarjr methodR of paolrinit, and tbo arowth of the 
luduatry la Indlcnted by an Inereaao of from 2,000 caeca 
In 1001 to over two million caoea In 1014. ThIa phenom- 
onal arowth of the inoklng plants haa loft HUIe time 
for the atud 7 of detalK and heretofore there haa been 
roiialdcrable waute lu the proccaaea; but that thb« bi 
belli* corrected la ehown by the fnllowln* nutce from a 
pamphlet on Iho Indnetry recently publlahcd by the 
Liepertmenl of tkimmerce. 

Within the laat year or two a demaml haa been cro- 
ated for the coroa, which were formerly thrown away. 
ThMe cotes are not unnsnally stringy or tough In tho 
ripe fruit of the Hawaiian pineapple, and make a much- 
llknl pnalucFt of the confertlom ry trade when manufac- 
lured Info chocolate-con ted or glacf pl'neapi'le. At one 
ut the ftctorlee It was stated that tho demand for Ihoao 
corea was greater than tho suigily and that somo at¬ 
tempt bad been made to cut the whole pineapple Into 
Miuare atrlpa about the alM of the cope to correapond 
with the Slngepore chunks. ThU has not proved alto- 
grlher succeaatul, however, because tho fleeb Is too ten¬ 
der to hold bwether after opening the cana and during 
Ihe process of further manufacture liy Ihc confectlon- 
rn. The corcH are lumally packed whole, but a few are 
cut Into Rborter Iciigtha. They constitute about B per 
cent of tho millro pock. One of tho larger factories has 
iM-en uiMble to dlsiiuHC of all the cores procliipeil, and 
tills suniestM tliut a pro|sT cniii|ialK)i nmoiig Ihe iniirei-- 
lloncrs nirtiig pliicupplo might nwull In the siilmlllntloii 
ol Hawsllan eoriii for Hlugaisire chunks, in riew of Hie 
HUiwrlor flavor and texture. 

The greatest waste cxlslliig up to-the present lliiw In 
piwklng was from the loss of the Juice. The pliieaiiples 
as brought In from the flelds am fully rliw, and Hie 
fruit Ip ponncolrd wlUi a Inarious Juice, wlilcli Is 
preaaed out and wasted at every process of ratling and 
h-indUng by the vaitoua machines. Tho disposition of 
Ihla Jnlee had become a source of oorndderahle expense 
durliig the busy aeeaoti, and In some of the larger can¬ 
neries inoio than laOOO gnlloiu were dally poiDpcd liilo 
the BOO. To avoid thia expense, aoTeral of the factories 
hare opmmenced bottHng the Julco One of the melhods 
tbilowad In the bottUu* U aa follows: After being 
caught In vaaaria or troughs plaind nmtor the different 
machines the Jnhm la plaoad In a ptcas and siraliier to 
arpanits it from nny particlea of fmlt that are collected 
at- the Miao ttma. It ia thM pompsd through alnmlnlum 
pll*a twIiMi tM not ulbctad by the add of the fmlt) 
to a dltor through whldi It percolatea. It la then 
bmmfbt to thfl bolltag patnt in a dlnrlfaMd vat, after 


ran be used ns a brreriige without sugnr or water. It 
Is Improved by the addition of crushni ice. As thbi Is 
only a comparatively new product, the quaiilUy so for 
Isittlcd has not been large. If tho niarkd «-aii lie devel- 
o|ssl as rapidly for this pnstiicl as It luis Iwcn for the 
cHiiiicd pliicHptilc lts(>lf, a valuable nddiUon will have 
liccu niudc tu the cnrnliigs of tbu various cniiiierlcs. A 
proiiilsilig market fur this Jiilec should lie found In 
tropical conutrlcs whore beverages of various aorta arc 
constantly used, espectntly In the euuntrien where »>- 
Ilglona principles have made tlu> InbabltBiita total 
iilMtaliierM from fermented or atnmg llqnuni. 

Various ex|>erlments along different linnt have been 
made diirtug tbe last few ymrs In an endeavor to flmi 
a use for this juice by-iwmliict In the manufacture of 
iilroliol. vinegar, or other experimental products, but 
the grout demands already made uiam tho various cum- 
isiiiles III keeping pace with the growth of tbclr foc- 
tort<<s or In the study of machinery fltled to simplify 
the pn-imralloii of fruit for cauiiliig bare made It Im¬ 
possible to devote much dmo to such exporimenls. 

What promises to be a saHsfoctory nUliiatlon of the 
Juice, however, has been evolved hy a San Frandsco 
Urm of chemists who. In March, J0I8, began some Inbo- 
rntory exiierlmratatlon with tbo Idea of developing 
processes by which plneapplo juice might be made to 
yield B revonue. A aystramtlc rceearcb was conduclrd, 
with tbe result that delliiite prncemes and pitsliids 
a)i|sirHiitly of a satisfactory •inallty were dovcIiHsal. 


Iiiillillngs under cniiHlnictloii arc three In iiiii 
to lie ll!0 by (10 feet, one story lilgli; one to 
-10 fis't, llin>e slorli>s bigli; and a building 
hors<>-)S)wor plant. Tills fnotory will haiidio 
wnsic |>cr dii) of leu liniirs, mid Is cslliiinled I 
a Ions of sugnr iviuiil lo IP tons of ciiiimsl s) 


line and the syrup rdurni'd lo Iho caniiorlo 
siiiiio molliod. If tho rosiilts olilaliiod from tUI 
oxiicriinciit arc thoroughly snllsfaclory to the i 
mill tbo now ciuiiimiiy, llio conlniots iiill for ai 
nioiit of Ihc plmit to liaiidic S.'ill tons nt waste 
As II mutter of fuel, sliici* Iho rliviiliig of the 
niniiot la> coiilrollisl, II Is pliiiiiusl lo enlarge 
HO Hull It will tinic II ciiiaiolty of iiiii>rnxlmi 
Ions of wiistc |M>r day This ispilpnicnt will u 
iiolglilsirlKHsI of tU.'ill.llllO. 

No aticiiipt will la? nindc at llral to pnalucc 
iiiordiil (inaiilllli-s ollior iirmlia-ts that arc re 
from Iho Jnb'e, but the oxpi’riniriils Indlonlo 


View 9t tbe ifck fnabw ef u* ‘‘Merdm” dorUg coMtrgctfon. The tneka fer tbe trevelinf crane 

seed ill briUtaf ere ee«i e* etch eUfc 
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In Ihf lltinl Uvluro of IiIn niunie oti llie above anb- 
JiTl, Sir .1. J. I'honiHOD Maid IhHl ihi the laMt orcaHlon 
he hH<l Bhnwii nil exjierlmi-iil In whieli ii piece of |iar- 
nlllii wuN imiverled Into a conductor by Uie action of 
liolniiluni myH. In tblH cnMo wo had an InnulHlor ren¬ 
dered conduetlvu by exiMMurc to an nitent which wia 
known to bo carabte of ionixing a giiH, and which. It 
WRK fnlr to preNnith'. Hhoiild aceurdlngly alnu Im able lu 
Ifiiilne the nioli<enleH of ii aulld. The eoiiriurtlrlly of 
miIIiIn formed u tory Inli'n-HlIiiK HUbJoct, but tliw wmh 
not lime for him to conHidcr more Ibiiii om* or (wo 
MiieelMl cMMi'M, which were iiartlinlarly clonely allied to 
thi eireciM he hail lUHOiiHH'd In tlilM cniimp of Ua'liinn. 

One well known caHe of I he converHlun of a nulld 
from nil InMiilalor Inin ii coiidiictor wrh alfordial by ttM> 
Nerniit lnm|>. Tim lllaiueiit of Ibla liiiup wax a niUturu 
of dllTerriil oxIdrH, and when Imvcmed by a cnirenl 
glowed wllli great brlllliine.r, eoiiMtltnlliig u very nin- 
veiilenl Mourci' of light for many puriKMCH. Tlic iiecii- 
llarlty of the mUliire of nxldea UHed wan Hint IIm cimi- 
dnelJTlIy IneroHMed ciioniionNly oh I he temperature rone. 
Ilelng an Imiulntor when cold, la-fore a enrreni could 
go Ihnnigh It lla U-niia-mtnrc had to Iw mlaeil by artl- 
Ik-lal meaiia. Oiiei- the mrreiit got through, however, 
the heat develu|M<d by the very paMMiige of tbla current 
rauHed the mameiil to got hotter and hotter, till It 
Hiially glowi-d with the grratcMt hrllllancy. Tlic oxidm 
lined were niieclally M-leeled lo give ihiN brilliant light, 
hut very lanialbly the pheiiniiK-iia Involved wen- of the 
anme order an with oxldca of enlHum nml iMrIitm. Hr 
llorhin, working at the CavendlHh T,iihumlory, had 
meainired Iho rcMlMlaiici- at dllTen-nl teniiK-nilnrcM of 
Ihene two oxldca, ami found the InerenNe of eniidnc- 
llvlly with rlNc of temiieratun- wan quile imrallel to the 
HlmnltaneiaiM Im-renM- In the imiiilN-r of negative parti- 
clea emllh-d from a fmgmeiit of lliue or of hnrliim oxide 
when hoateil on a atrip of plalliiiim. Such a fragment 
of barlnm oxMo waa eviivenleiilly iilitalni-il by dni|ipliig 
a llttlu aoaltng-wax on to the platinum nml then heat¬ 
ing the latter to a high tompcralure. Ilarlum oxide wa» 
very heavy, and for thin reaaoii wiih nihb-d lo oeallng- 
wax, which whr Mold liy wolght, and hence Hie chcnpcHt 
wax waa Iho bout for Hie lairllculnr piiriioM- In vk-w. 
Wlien the iiUtlnum carrying auch a Mpi-ck of lime or of 
bniinm oxide waa henliHl, m-gnllve pnrllcU-a wen- given 
off which might eerve lo carry a cumail tlinnigh the 
lime, and a almllar effeet might aeeoiint for the eoii- 
diirtlvlty of the oxldea wa-d In the Neniat fllament. 

The rale at which thcae negative partlclca were 
emitted fnnn lime and liarlum oxide had been uwaanrod 
by nicbanlHoii, ao that the iinmlier coming ont at dif¬ 
ferent teiniH-rnlurcH whh kimwii. Dr. Morton had com¬ 
pared niehardaon'M iiumlietM with the combieUvIly om 
meaHiin-d by himaelf at eormapondbig lemmmitami, 
and foniid n cloau agn-i-ment between the two. There 
waH IhnH cnnaldcmbU- evidence tlml, at iiiiy rale, part 
of Hie condiietlvUy of Hie oxidi-n waa due to Ihe libera¬ 
tion of Iheae m-giitire iwrllrlea. An Inlereatlug point 
wan that tho ,-mli«lon of Hn-ae iMrlb-Jea wiih very fei-lile 
If metallic vnk-tnm or Imrkim waa iimil In place of tho 
oxlilea, fniiu which the uiimhi-r cmittcil whk many Hkiu- 
Hiiml Hmca ua grent hm from (ho luetnla. Apimrcntly 
Hie rnilwdnn dciiemleil on. or waa incmiHi-d by, the 
roiitiml preaenre of two HuhHlaiicca haling a conoldcr- 
ahle ehemlcal alflnlty mie for the other. 

In thiH cofineelbm he might, he nniHnned, refer to a 
qiieHlIon which had Im-n anbmltlod to him by one of 
Ihe aiidleiia-, nx In why the Miilphidea of certain molala 
were mnch U-lti-r mdlalnn than were the pure na-lala. 
II WHH known from KlrehoirH Inw that, milcMH irther 
liPHideM |ain-ly thermal i-ffectH liitervetiml. Ihe iniin of 
Ihe light emitted and Hie IlghI reflected from any body 
depended only on Iho temia-nilum, and not at nil on 
Hie nature of the body. Thta sum conaHtuted the ao- 
cniled 'lilack-hody” mdlatloiL Hence. If a body was a 
very good reflector. It would only have to emit a little 
riidlatloii IHI lla own nrcoiiiit, while It dull, aa when 
lariilaheil by milphldp. It would not reflect ao mnch, and 
muat therefore radiate more. Ho was Intbrmed. how¬ 
ever, that the dlffereiiee In the rndlallng power of the 
two WHS much greater than couki thna be aeconnted 


of wJiat Wta railed Aenical InmlMMence, In which we 
got radiation from a body at quite low tenperntureo. Fbr 
example, pboepbonn glowed even at onltnary lenpera- 


turea. It bad ilao lately been eeUbllabed that a loiatloD 
of bydnigen peroxide la coatact with OMtala anbetaiKee 
would give quite an appreciable lllomlnatloo. TheM 
wen etan la wbldi the light did not obey Klichoffa 
law, bat waa drawing upon other soacon of enetUi la 
iKklltlua to the purely tbemal. In the cue of Unw 
oxide, there waa the puaniblllty of chemic a l aettoo goliig 
oil. Barium bad, It wan Itaowa, two oxldea, and It wm 
quite peaalhia that eakdam poanoaed the lame ptoporty. 
nml Hila might aocouut for the dlfferoticoa obeerved be- 
iwct-ii the oxide and the pure luetaL There might, in 
fact, be Home ehemlcal action gotog on between Ihe al- 
clum and the oxygen, and dmllarly, with the nlidikta, 
Hiere might iweaUily be deconpoaltloa of one anlphlde 
and formation of another, or aomo other form of di«a> 
leal action might be taking place. In thla way then 
might be local temprratnraa In exeoM of the aTer■g^ 
Menu- few RMlacnlca having very high vetoddoa, though 
Hio mum won very much loaa In conoklering ndlnllon. 
It won Important to remember that a few molecniBa at 


canoed n fnw moleculce to have a Icmpcratnre In ox> 
ccMi of (he normal, tho net radiation would bo In cxcoh 
of ItM ordinary value. 

The fatogalng waa, he said, merely a auggretlon, but 
Hic obHcrvatlon In queatlnn appeared to bring thla qnee- 
Hoti of chemical liimlnmcpiicn Into a mure definite form 
Hwii hitherto, tJie trmlnient of the subject In the peat 
huvlng been mnm allied lo cookery than to cfaemlatry. 
IMH- experimenter dliMXivercd one inatanee of It, and 
nnothcr wiirker another example, no very definite enn- 
lU'cHou hi-twren the two being cMtabllahed. In ell known 
chhoo, however, oxygen was Invariably present It was 
iN'Ilcri-d hy Nome that even flint sparks were exnmplea 
ot chemical luminescence, dne lo the oxidation of tho 
fn-Mlily oxiMsied aurfacu of the flint and It waa assertod 
that the crncklng of flints was naMxdated with a atrong 
Mnicll of oaone. Local Incrcaaea of tomperature would 
mean not merely a very great Increoao In the radiation, 
hnl bImo a change In Ua character, ainco the hotter tho 
radiating Irady, the bluer the light It emilted, the cen- 
b-r of gravity of the apectroro betiig shifted toward tho 
violt-t end. Hence, In dmilng with cathode reyo, the 
light waa bluer the faster the partlclca. 

The communication by electrified parUclea ot their 
cliargce to metal or other bodtea with which they came 
In conlact a-ae not, the qieaker continued, so simple a 
nwllcr aa might be expected. It was eoiy to My that 
on uimliig into contact the charge was given np, but a 
kuhI deal had to be elfected during the exchange. A 
iMielilvu iwrtlcle was one which bad kart a negative 
clinrgc, and when auch a partldo came np to a metal 
Pintc It meant that, in order to hccnine nentral. It bod 
t-j get <nit of (he plate a negative churga. Bimllarly, n 
IHirllcIc carrjtng a ncgallvo charge had to atlefc this 
i-liargc on to Home atom or mtdcenle which alreadjr had 
IIn full iMmidcment 

It wsH (hua i arioH ooncelvablo that thla proeeoa of 
get^ rid of a charge and fixing It on to a metal plate 
wiintM ao easily effected aa waa often imagtneft 


Many yean ago, the nwaker, when working wlrii a 
higlily exhausted bnlb, had earthed a pool morenry 
lying In the bulb with a riew to removliig eleetririly 
fnim the tube. The arrangement did not work as well 
as had been expected, electricity being atlll fbnad In 
the tnhe after the tapae of oavenl bnara. The mewnry, 
Iherofore, bad not be« able to dlaeimrge the pu. Be- 
i-i-ntly rraiick and HerU bad diown Umt dWerent ssh- 
Htancni pos H CM c d dlffemit jaiwen ot ahaerHng elce- 
Irldty from theoB partlolee. Home atowa and awl m gi le a 


nremcil quite IncapaUe of retolidiig one ot ihMe Mga- 
live imrUelcs If the vriodty were ie« thna n oHtalD 
criticBl limit 

The principle of ttadr appantna la wp w aia t a* In 
ng. 1. Hm cathode was a heated wire plaeed Intfle a 





|mn« • 


latoally. rrom tha hot wire nepdlva poitliilaa ware 
driven off hy tha potonUal of tha wttt, and Wloired a 
enrved path throngli the gu to tha eoHeetOMilata ft. 
Above thla plate waa e win ganeev wUdi eeold ba cun- 
necled up to tha nagattre pole of a hettery, and wMId 
thua oppon the paanga of tha portlclai to the ooUeotor. 
It waa found that tha pattlelM shot off from the 
cathode, la apite of the coWeleiM they bad to e n wg a tit 
from the gae In the tube, made their way to At oal- 
Icetorplate eveo wbon the gaaM above the latter wae 
at a uegaUve poteuUal of aa modi aa 6 voila (In the 
cnae of certain gaoea), the total potential batwean the 
cathode and the coDeetM-piate beliig, eay, U voNa la 
all Iha thonaanda ot coll 
many of the parUclea had not n 
to the auleculoe MMoantded. The eObet was reort 
nurked with atgun, neon, and bdhua, with which than 
wan praetlcallj no oonunmiicatldn of energy betwemi 
the parUclea and the moieenin. On this bend It AooH 


colUdlng bodlM were of the nme a 
one body waa more than 1,000 tlmca that of the U 
body, tho latter bonnded off with pracUcally imrhanged 
energy, each particle retaining what It bad beftm the 
cncimnler. Hence, If n negnUre parUde poand thioogh 
the midst of one of tbeae Inert gaaeo, tha coOialMm 
would merely cheek Ua rate of pregrem toward the 
cniirctor-plate; but aa the particle kmt none of Ita en¬ 
ergy In the eolllidoiia. It Anally arrived at Iha eolleetor- 
Plato, belated, but with pracUcally the whole of the 
energy duo to the difference of potential between thli 
plate and tha cathode. 

'When the Inert gaan were, however, replaced hy 
oxygen, Iben at every colllalon the parttele lost aoma of 
IlH energy, and when It nltlmatoly arrived at the ed- 
Icctor-plate, dtd so with only a amall feacHon of the 
energy due to the fhll of potential, haring rotolned prae- 
Hcnlly pone of tho energy given to It during Its paia- 
age. Hence, the only way to obtain aegaUve patUdea 
moring with much energy through oxygen waa to re¬ 
duce the number ot eollhdoiM by n-dodiig the number 
of oxygon molecules present, ctherwlae the eaofgy wogld 
bo knocked out of tbe parUdes ae fast aa It was oe- 
qulrcd. With argon, bdtam, and neon, on tbe other 
liaiid, the nnmber of molecnlea present did not matter 
In tho Mme extent Though tbe partlde might take a 
long time to get through a denee crowd of bellom mde- 
culea, when It finally did arrive. It earrtod wlA It all 
tbe energy It haff acquired In ffelling thmngli the poten¬ 
tial dlfferenee between the eleetrodaa. It was thus pea- 
alble to get lomlnona effects with bellnm, nson, and 
argon at press nw i Imposrible with oxygen. IkmdMy It 
oxygen could be eonnrietely eUmlnated, afanllar rassits 
might be oMalnsd wlA other mums os well os wltb Um 
three named. 

To Ulnatrete bow easily Inmltioaa dTeote Wan eb- 
Ulned with noon, (be lecturer took a tnbe filled with 
neon, and having a Utile mercury In It Tim tnbe had 
a nnmtnr of conatrlctlona, and oe InvarUng the tdM. 
tho frictlea of Urn mercury fktUng tbrongh tbe oonotrle^ 
Ilona deetrifled the waUa, wltb the result that Uia i wew 
glowed brightly with ita dmraetertetto Ught 



1, It Would be veir dM- 
eolt to get eledridty tato or out flf them, {tf ter In- 
atence, metala napmblad neon to any. Is tUa 
regard, tba toramtl^ ot douUe toym wMd be obrioda 
lA there were a dlteeuUy la geftlBg ale^triolty out ot as 
deetrifled gaa the reaalt wooM he that the aorfbea of 
tbe metal would ■af.ehariad up wUb a doaMa layte< U 


etlek dose op to the aurfbee of tho amtal, ttdy«»dp 
1 hr tho nagatf^ dtcMsHrlmmadl- 
“rttet of tho mtfi. 2ha taia 
,. . - wrv ad: iibmlitaB bad |ii&. 

UTdy ehaypot teo»figl«|.w(ibl« RUtebba tib 9 ^ 
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♦trill) tt« attmt wu aftan awda to proAm a 
pbtaai^ la a oa Iv Aoottng It Otoogb alaotiMad win 
■auB) aa tlia an o a m ic ai tkat an parttriaa that paaod 
tM gauM woald aegoin the potantlal at tha lattar. 
niH bowaver. would not ba tha caaa If a doaUa larer 
‘ftinted on tba wina. Tlia daofar of a flnlta durannei 
of notaatlal batwara the laa and tha gaua waa, no 
doubt lean tba blriiar tba potontlal of tba Utter: bnt 
tba 4Uk(r baUavad that In aoaa eapeiliaenU erton 
of aa ttodi u IS to U rolU bad ailaan In tUa wap. 
Tba damar waa a real one, and. In the caaa of amall 
potentlala, ntmt ba aarloua. 

Anodiar ptobleB waa, what bappenad when a lea waa 
tontaed by tba raaoval of a nefattva partlcU Waa the 
nwlaeiila left behind tnUot, w did we let amnetlinei 
tba nolaenU «dlt op Into atoma aa tha reanlt of the 
ahoeh, ao that we bad aa a reanlt the cbarge carried by 
atmna, and not bjr moloonleaT For neb a amaahlng of 
(ba nrieenlaa aiapla energy waa aTalUbla, and the quea- 
tlon waa, did It bappant Bzperlnient abowed that at 
low preenrea It did. An InTeetlgaUiHi Into the aatora 
of tha poaltln raya riiowed that the oarriera might be 
a'.l Unda of thlnga. 80010 went atoma, othen moleenle* 
left Intact, the ebocfe bavbig bean Inaadldent to apUt 
thm np, and. In additlan, yartoiia queer oumpoaiida 
wato found among the earriera. It mlgbt be aakod 
wbedicr tbU rarlaty waa dm to the method of prodnc- 
tkm. In the dUcbane-toba there were) bmddea the 
negative partlelom large poalllve eystenw, and It mlgbt 
be thought that the Utter alone were capable of iimaah- 
lug up mateealea Into thnlr component atona. while the 
M«atlve partlclea when they collided merely detached a 
charge. 

To teat thU tho apeaker had adopted an arrangement 
by which tba number of negative parttdea oonld be 


enormooaly Increased In eomparlaoc with the poaltlve negattve partieto was knocked out of an atom. Tbe 
carrUca. If tha negative partldea were Incapable of moot eiaggcrmtod case known to the simikcr was af- 
spHttlng np the moUCDlea, the Anal analyaU—by the forded by mercury, where In certain cases aa many as 
poaltlve-tay method—should show a much Urger num- fteven uegatlvu charxes were removed from the atom. 

her Of molecnUr earriera than before. The method _ 

adopted to Inereasn the number of negative partlclce 
waa to nae aa cathode a wire heated by an Indciiondent 
current By Increaalng tbe temperature of the wire tho 
number of negative partteka emitted could bo eoor- 
moosly Increaaod. A ^otograph of the positive rays 
waa then taken, drat with tbe cathode cold, and next 
with it at a high temperature, and the two compared. 

TUa emnparlaon showed little dlKermiee In tho propor¬ 
tion of atomic and molecular carrlen, but If anything, 
the heating of the cathode slightly tnemmed the pro¬ 
portion of charged atoms. Thla eaperiment strorded 
strong ovldcoce that the negatlvo particles could them¬ 
selves spilt np the molecnlee Into atoms, snd that to 
effect this It was not neoeaaary to have tbe big positive 
earriera. Not only this, bnt tho iwrtlcles ivorn abm able 
to split up tbsae uxilecnleB In all kinds of sdiUtloiwI 
ways Thus, when water waa dccompossl by dimolrliig 
u radium mlt In It, the gases liberated conUlned iiotsbly 
leas than the proper proportion of oxygen. In fact. In 
Home exporlmentM ndilernc had got nothing bnt by- Fig. S. 

drogoii, and a subaequent cxamlnallim of the water 

showed IhU to contain peroxide In aoluHon, an that the Thus. Fig. 2 roprcM-iitud a iMsIllvu-niy pbotograidi of 
oxygen liberated hy the negatlvo partichw nmltlnl by lui-rcury. All llie lines sbiiwn were dne to mercury 
the radium bad gone lo oxidixo the water, acting thus iilunis. In lln- casi- uf llip Inm-st lino tin- atnin bad 
la quite a different fliabiun from (hat which laieurrrd Inst one cliurgi- la'forc i^-ncbliig llic plate, while to gel 
with other methods of deeomisailng water. Tho speaker the upitcnnuHi curve hcvi-ii cluirgm must have been 
tbonglit that the queer comblnationa found among tbe kiiwkcd ouL Meirvuver, a einiiiiarlNuii uf tbe relative 
poeltive rays must be brought about In a similar way. stmiiglh of the (liffereiit enrves led to tbe conclusion 
tho resulU often being such aa could not be effected by that the whole nt ihe seven wore kinckcd out In a 
ordinary cbomtcal reactions. Hometlmrs more than one single colUalon, and nut succutslvely. 



Safety in Good lightiag 

WniLB a very ccosplcaoaa advance In lighting meth¬ 
ods has boen made by progreaalve manutocturan, not¬ 
ably In tbe Iron and steel Indnatry, there are still a 
large number of manufactuiers who aeem to regard the 
lighting as on expenac to be reduced to the lowest pos¬ 
sible nrinbanm. 

The evonomle value of good lllumluatlan, aside from 
aeddent pravention. la evident when we consider tba 
greater facOlty with which an employee can work un¬ 
der good Ulumluatlan. and the greater accnracy with 
which gagaa can be read ami tuola set 

One huge manufacturer, on Investigating hla lighting 
condltkiaa, foond certain depaitmenta In wbteb, during 
tbe winter mootha, tha opeiatlyei were practically Idle 
for aboot an boar a day eolely on oacount of darkneaa. 

Ckiod artlflclal iUumlnation can bo furolalmd In such 
a fhetory for right houra a day at a cuat equivalent to 
about Bve mlnutm of the Ume of tho workmen heimflted. 
IWa llhistratoa tbe extravagunoo of poor IlghUng. 

Tho question of safety as Inlluenoed by lllnmlnatlcm 
prmeuta two phases: First, the preveotloa of accl- 
dentai; and second, the preaervatlonief eyesight WhUe 
thaie two phases are often closely related, there are 
many oonditlima In which they are enUrely Independent 
of each other. The phase of accident prevention Is lllua- 
tinted tai the cnae of the foundry or other ahop where 
enuM or other p o wer f u l machinery are In (gsntlon. 

Tbe UaMllty of crane and elevator accUenta la very 
much indueed with proper IlghUng. 

In the toundrlea and yards of a plant. It Is practically 
impn^ihL. , eemi wUtt safety oommlttee InqioGUoa, to 
ollmlnato IrregrigiltlM under ftmt If not niumlnatod 
UMse may nodily eauae falls, with raoultlng Injuries; 
and In foondrtas where atottafi,»rial is carried and hut 
metal abonwla, they maf^rilnii ranse sefteus barns. 

Kvon thoHh guarded to the fuUeot extent, powerful 
maohliioiy^ wWrii materials are machined and fMh- 
toned Intoartldai of eommeree, and In which tbe arms 
and limbs are oa raodUy orusbed—peeaeiita a menace 
nnlaap tfm operatives are given au opportunity to aeo 
and tboa avoid the doBgv poWfc ; 

Then la peoetlraity no mannlhotnriiig operatton 

which earn be oantod oh wlthont acenrato visual Inspoc- 

tfanSs floDM c€ tlMN oprfntloBf pfodiio# cooiiUI«r«Wo 
atfoln avan wdar good laamliatlOB, and to require 
iHifTnnainiia ndv poor mamlnattoa Is certain 
to tgMt in man or lara rapid imprirment of virion. 

« tag Ijdea Ihopd hy obaerallon that the mori^ 
BUh taflot ty llwhwr BdWlnf aowf from axcaitavo 
riaragjidahwmmotdlffaaton. QIara la nanally canaad 
by bi^ Ughbl iB tta itM Of vtri«L Thfi eray amon- 

aoniea dlraeay or may ba dalaeted to 

CpjO'dgafltfta dpMt- li hot only on- 




are (■unduclve to bad (alls, whenss If the eyes were 
properly shielded from tbe glare, a lower Intensity 
would have been ample. 

The nnahicldol light bung over a maehliio U a emu- 
mun aourcc of eye faUgno. The glare may not be very 
evident at Brat glance, but when the workman'a eyes 
have bean subjected to sm-h light for a tong time, ills- 
comfort and inability to m« am (be tvsnlt The proper 
eorrecUun should be to slileld Ihe light by means of u 
proper rvflector, and as such a reflector would tend to 
direct more of the light upon Uio work, tho wurklng In¬ 
tensity would be loereased; so In many eases It Is 
possible to reduce the siia of tbe lamp, or better yet, 
to- relocate tbe lamp so aa to enlarge the an« Illumin¬ 
ated. 

When a light caiiiiot be temoved entirely from the 
fleld of vbdun. Its brininm'y shonld be mliiced by means 
of a dlffiming glolsi or reflector, si> as to liiercase tbe 
apparent site of tbe light source and reduce the enotrast 
between It and the background. This bas ths adilltlimal 
advantage of nsluclng tbe sharpness of hIuuIowk in the 
Illumination, a result which bi of OHMliIrntble Iniiwrt- 
aiiix) In rendering tho varluiw imrts nf the nuichtnc or 
object readily dtoccrnlble. 

Ulare received from iqiccular reflection of glased pa¬ 
per, desk tops, poUsbed motel, etc., often Imlnces eye 
trouble, headache, and other Indlspudtlons, though the 
aufferen may not be aware of the canse. The remedy 
Is to change tbe relative iswitlons, ao that tbe reflected 
light la kept uut of the cyea aa much as possible, aisl 
to eularge the dbuenslona of tho llglit sontcc. 

Auether defect conunaoly foeod In ludiiHlrlal light¬ 
ing to Improper dtotrlbution. Thto may hr ilnr to ton 
wide a spacing of light unite, tiislcr thto coiHlItbui 
some pnrta of the room an Inanfflclently llghteil while 
otJier parta may have wore light than to iss-nsiary. 

Improper direction of light may Illuminate the wrung 
aide of tbe machine, leaving the Important iwria In 
absdow. If the bright parts are near tlie shaded ones 
wbateyer illnmlnatlen may fall upon the shaded por¬ 
tion la' remtorad leas cltevtiva hy contrast. 

Unsteady or flUtering tllumlimUon la always objec- 
ttonabto; botb on account of dtocomfort and inability to 
aee. Huch vmriatloa sbould always be avoided, whether 
cauBcd by tbe units tbwnselves or by the light isnadiig 
tbroorii Btovlng wbeeto, etc. 

, fttnee the purpose at the lighting to to enable Jio 
operative to oee, good Ulumlnatina cannot ho prescribed 
without a knowledia of tba use It to to rccalva. In order 
to plan tba Ugbtlng at a factory property, one sbould be 
CsmUtor witb the procasssi annoyed, tbe arrangement 
at the moridnary and tbe work tables, sa well aa the 
quality of tba produot manatactUTad. Fractlce bas 
MtabUriwd certain mathodi of lightiiig wkleb, If prop- 
arly appUad. an aaUatactory for tbe different pruvoasea 
of maunfactuifc Thus wa know apprealmatriy bow 
much muniteatVm k neeearary tor tba ocdliiary grade 
cf work p ar fhnBad oa a latbe, aa writ aa tta desirable 
dbariloa. Aa flu aa pu a ri ll a , ttsai ftir ai toe axpartawo 
gabH* la aa Wl lgbtofl flMtoriw riwrid ba utuiaMl in 

tfbg 
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a few fulriy delliillc llinw, which may be diMignatod 
as lts.vllxe<l IlKlitliiK, mineral Ilglilliig, combined general 
ainl loimllsnl lighting awl Iwultocd general ur group 
lighting. 

IjOcnllXHl lighting origliiiitwl with Iho lnw-pi>wcr port¬ 
able or seml-portebic llglitlng units. TTiese were under 
Ihe control uf the Imllvldnal workmen, lo bo placed 
nr sbirted wbcrcvnr he lUwIrctl. Such IsmiM were com- 
nnsily used wltbimt reflectors and jmsluced small 
patches uf uneven Ulumlnatloii, aa well as mote or less 
glam. In many ihhch lighting will) llnwe lamps to 
bow Ixdiig Hupplanled by other mtdhods. 

Ibcrc ans however, certain niwraltuns which require 
light Inside nf a small cylinder or other inclosed apace: 
or where very high Intnualtles are toiiiired over small 
ureas, and fur these no other method to as practirablo 
as lis'allMsI lighting. For such roiidltlnus, tho lamp 
kIiuuIiI In> ctjuliHSHl with a reflector to shield tho work¬ 
men’s eyiw Slid reflect tho light In useful dltvctloos. 

(Jeia-rol lighting Is provlilevi In three prlnel|ial ways, 
which BM* known as dins-t, Imllrect and seml-lndlreet 
IlghUng. Direct lighting, ilcis-nding uisui the equlp- 
imnil. may have cmi-ssIvo brilliancy or any degree of 
dlffuslmi. It to nscil to a uinch larger extent In factory 
IlgbUiig Isswiiso factory ceUliigH are seldian good rellee- 
ton. Dlrvct llglitlng unite aro less affected by dual 
lufuumlatlons. Tho Indirect and seml-lndlreet give ex- 
ci-lleiit Ulffiisloii, and are ofteii aiipllcd with good effect 
111 olHees and drafting roouia when light ertllnga are 
available. 

"(Vioihlueil gi-iHTnl" anil “lis-ullxed lighting'’ to often 
dcslrnlile. Willi tills, a low gimeral lllumliiatimi Is snp- 
pllnl liy liirgi- unite mill nion- Intense lucnllsts] llluinlna- 
tlon at inirllculiir iiulnte by Iow-|siwer milts. The lis-al- 
licd Ugbtlng miiy Is- suppllisl ivinlliiiiniiHly nr tempor¬ 
arily as nisslisl. For exninple, In lighting nutisnallc 
iuuchliH>ry, a inislcrnte lllninliiatinu may Is- siifflclent 
at all limes except wla-ii a machine Is being Insis^ctnl. 
set up or odjiiati-d, when a lucallxcd llglit may be 

’’IsswIlHsl genenil" or “group lighting’’ Is a recent 
practice which has siining np since a range of Inter- 
medlntc hIsch of lighting units hns Iss-iaiic nrallablc. 
’Thto practice dllfi-rs from general lighting In that. In¬ 
stead of striving fur even Inlensity tliroughout the 
room, lamps are arranged to give higher liilenslUes and 
rtirrect direction of light at tin- machines or tallies and 
a lower liiteiiHlty at Interiucillatp isiints. It differa 
from locallieil lighting In Is-lng iilnnncd so aa to give 
some lllumlnatldii, sulHclcnt for Ihe needs, hi all parts 
of the room. It K therefore, nn Intenoedlats practice 
between the cxtreoiea of locallxeil and gi-neral lighting. 
Its application Is cxteinllng very rapidly, slnre It meets 
effectively and economically factory rwiulrrmente for a 
largo portion of the ordinary manufacturing procoasoH 
and shop buildings. 

Kacfa of theae various methods of lighting has boom 
fleld In which It to to be preferred to any of the others. 
The selection deponda upon the character and coustrac- 
tlon of the tmlldlug, the prnoesa of maiiutlicture, tta 
■oarae of energy available and varloaa local ramdiMe— 
-s-O. B. sttrioity, in tta Omani fflacfrlo Bavitia, 
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Am OBArr hove l<r(K)ni<< io tho latil f«w jwmti primarily 
war mab'rinl, an<l an anch, am draiffimd to mw’l 
ap<*oifli«ti(iiui of |H'rfiirnianr<>. Kivu yuan agn llui h(i- 
pn<m« b'Ml Ilf lui lU'mpluiMi wiu< whnl liur il ll.v ur 
whi’lhcr il iKMilil iiiit fl,v. Niiw we inqiiiru luiw faal. and 
buw slowly il van ll.v, wliat in its rut« of <iliiiili, uxofiil 
load, aad radius of aotion? For uxaiiiplo, fur luililary 
UMs, armins mqiiim a slow onduramw mauhina for stralo- 
gio snoulinK which can make raids into tho intorior of an 
onomy's country. For laclical scouting over tbn Held 
of lialtlo, whore enemy aeroplanes must bo evadnd, an 
army roquircs a toniit of gn«t speed but limited radius 
of action. Much a niaehliie must have speed aiul oUmb- 
ing aliillty siijicriur to that of llui euemy units. A Ibinl 
type nailed a “flghling aeroplane" is iiccessniy to drive 
oil enemy snout acniplancs. Hueh a maehine must oom- 
hino tho greatest praoticahln speed and eUmbiug rate 
with tho extra weight of an armored body and a machine 
gim with a gunucr. The performance mquired for such 
a destroyer is flxed by the pmliable ahjlit|r of enemy 
snouts to elude it. A fourth typo of military aeroplane 
may suin he doveloimd fur the piir|iuae of hoinlt-drupping. 
Here the doslgiuir would lie mquired Io produce a maohino 
olih) to lrans|Nirt groat weight over a long distance. 

In all llw cases mentionod abovu the enlim military 
value of'the oemplann lies in its performanoc, and the 
burden in thrown on tlie desiguer to pmduoo a raoehinn 
to niiN't all nsiiiimmcnts. .lust os in naval omhiteelure 
the pndih'ni is a enmprumimi Isilween the ouuflloting 
claims of s|Med, onnor, onuament and radius of action. 

In view of the iiississily for designing oAnplanes to 
ixissess given qualities, a designer must guarantoo por- 
funnanei>. A di-sinNl t.\|Mi can, i>f Miunw, always bo 
n-iudusl by hiiildiiig u scrim of jiiaohinos liiil this pru- 
ccfliini IN c.xtmiiicly costly in time and nioiaiy, and n>- 
ipiircH a pilot t4i risk liiiiiself in nsiiorimcatsl flights on 
uudcr-iMiwiuvNl and iiiistnhln moelilnas. 

The problem of wniplane design involvos so nuuiy 
variables that it is often imiHsMibU) to arrange exiieri- 
mcntol ItigliU ho tluit eluingiu^ are mode in but one 
Yoriablii at a lime. The peeullar eonduet of an expuri- 
mental ina<-liine may ufUm he lilomed on auy one of 
some half dusen features of its design, and oi a result 
the tests I(«d nidy to endless discussion. 

On the other luuid, it is well estohliihed that the 
isirformunen of on oemplune can bo prodkiled from ex- 
INiriinunts on a snuUI mmlel, guomotrioolly and dynamlo- 
ally similar. Mmliil testa am easy to uonduot and afford 
the great mlvunlagothal ratliistl olloratioiis of the model 
may Ihi iiiiule without loss of time or risk of life. Fur- 
thennuni, in iniHlel tostlng, the various ports of on ooro- 
plaiie iiuiy lie leste<l setioratoly to dotomiine tho effoel 
of each iiorl on lliii iMufoniuuiou of tlio euinplebi iiuuilUno. 

la naval areliileeliim, a dusigner has a sniall model of 
his ship towed In an experimental model baeia. From the 
reeiilanee of the model, he can eitlmate the r— 


of Ids sliip ami Ml guarantoo its simwI for a given power' 

For puriMMcs of aemplano or air ship design, Il Is 
pussililn to tow iiKslels in air In a siiiiiUr iiianmr. How¬ 
ever, In aoruiuuiUes llin pmlilem Is exlniiiiely nunplex 
sincfl Ju flight, nioliun is ixisslblo along the Ihmo axes 
in space, as well as rotation about any of them. In 
general, llio uffisit of tho air on a solid ubjiwt moving 
through it requires the meosumment of throe fonsw and 
throe couples corresponding to the three axes of space. 

Towing experiments lieeomo moohanieally ^tBcnlt 
to arrange, and in view of the high speeds required In 
aeronauliea a long building like a rope walk is neeessary. 
8uoh teats have Iieen made at tiro Kiel navy yard in 
Qormany and at the ITniveraity of l*ari8. At the latter 
Institution a dynamometer ear running along a traok 
carries ohjoels under lest mnunted on a weighing me- 
ohanlsm. The tests are eondueted In the open air and 
am subject to error duo to gusty winds. 

If il be aeneptod that aerodynainio forres depend on 
the rolalive motuin of air and olijimt under test, it is 
immaterial whether the object be towed in still air at 
a givim vokieity, or held stationary in a uniforra ourrent 
of air of the same vnloeily. Tho use of on artificial wind 
is the "wind lunnol" method, which baa uome into general 


DSB abroad. Tbs doetrine of relative n^n is fniu^ 
mental in menhaniao, and dlserepaiMlM between rsMiU 
of toata mode by >lio two metboda may bs oacribed to 
the pntbabiUly of errors duo to the influenee of the <«r 
and wind gusU in tho towing method, and to imgularity 
In the flow (if nir In tho wind tunnel method. 

Tlie validity of wind tunnel tests depsnda upon the 
uniformity of flow of the air. The prodnetion of a eur- 
mnt iff air that shall lie constant In veloeity, both Is 
time and spoee, Is a diflleult problom. 

When it was deoUod to build a wind tunnel at the 
MasnohusetU 1 nitltute of Tsehnology for use by stadanta 
In aannautleal enginoering.astudy waamadaof thamoft 
luneessfiil wind tunnels abroad. The oonohiaion waa 
moohed that the staff of the Natkmal Physiaal Lobon- 
tory, Toddington, Rngiand, hod developed a wind tun¬ 
nel of oonvenienl form and of a high dsgna of unifonnity 
of flow. This tunnel was the remit of a methodiool 
series of experiments with wind tnnnela of varione foimi, 
in whinh the following oonoluiiops wen reoehed: 

1. Models should ho planed in the suotlon strenm 
leeding U> a fen whore turbulence U least. 

2. A tour-bladod aeroplane propoUor of low piteh 
givee a more steady flow than the oidlnary propeller 
fan used In ventilaiion work, and a mnoh stoadler flow 
than any blower of oentrifogal type. 

3. The wind tunnel should he oompletely honsed to 
avoid the effenl of outside wind gusts. 

4. Air from the propeller should be dlsehaiged into 
a pwforalod box of gnat volume, to damp out turbulenoe, 
aod to return the sir at low veloeity to tin room. 

6. Thu nmm through whieh air nturni horn the per¬ 
forated box to tho motion noaale should be at least 
twenty Umea the soollonal area of tho tunnel. 

The wlml tunnel of the Massaehusetts Insiltule of 
Tenhnuh«y was liuilt in aoeordanoe with the KngUsh 
plans with the exeopliun of several ohanges of an engineer¬ 
ing nalUK liilmdiiood with a view to a more oeonomicai 
use of power. An inemase of the maximum wind speed 
from 34 to 40 miles |ht hour was thus obtained. 

Upon oompletlott of the tunnel an investigation was 
made of tbe steadiness of flow. It appeared that the 
variation of vekwlty with time and from point to point 
of the mm notion was not more than one per eent. 

The wind tunnel proper is a square trunk 16 square 
feet in notion and 83 feet In length. Air ia drawn 
through an entranne noule and through the tunnel by 
a propolkr driven by a 10 horse-power motor. Models 
under loft are mounted in the middle of the tunnel 
on the aim of a doliaato balonoe. 

The air entering the mouth passes throngfa a honey- 
oorab made up of a nest of 34iioh metal eonduit pipes. 
This boneyeamb lias on Important offeot in straightening 
out the flow and in proventbig swirl. 

Ksaaiiig through the square trunk and past Hie model 
under test, the air is drown psat a star-shaped longi¬ 
tudinal baflle into an expanding oone. This cone ex- 
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a direot numuit motor at oomtant ipevd roquim a 
■toady voltaco. Suoh is not availablo. Conanquently 
tbo folloviiig prooodure wu adopttid; A IA horas-power 
loduotioD motor ii oonnwted to thx altornatlus ouirent 
powor maini of the Cambridge ElwtrinComiMiny. Thia 
indueUoD motor la coupled directly to a 12 horae-power 
direct oorrent goimrator. Tho Riie'rutor aiiptillea cur¬ 
rent to the motor which tumii the pnipellcr. For oou- 
atant wind apeed, the load ia conatant ami lienee the in- 
■lunlion motor will turn over at oonataut apiwd ainoe ita 
allp ia a function of load. Variation of voltage in the 
city niaiiu baa auiall olTmt on the n|iccd of the induction 
motor, which runa at a apeed pMiNirtioiial br the fm- 
riucnny of tlio supply current. The gciicralor Ikuiik 
tunual at conatant apeed gi'nerab-a roiiMtiinl \olUitfc. 
and the proiMillcr then runa at iRiiiHtaiit aptaal. lJuc to 
alow nliangea in fna|UciMiy it ia lUruaaury b> provide 
variable rcalalanco in the direct current mobir Held, by 
tiu! uac of wlilch tlic wind aiMaal cun Ih< corna-ted from 
Lime to time. Any wind can lie inudc of vcliM-ily Ih>- 
Iwi'cn M and 40 miloa per hour. 

The model of eompluto aoruplane, wing. tail, laaly or 
other part ia moiinhal on an acnnlyiiuniin liuluiHai con- 
alructcd fnim the plana of the Nulional I’liyauvil ladmra- 
biry, England. Tliia lutliuicc coiwiala of a coat pillar 
mounbal on an indciiciidcnt iHiia-retn block, unil the 
Iwluncc |>ni|Nir. The Ini ter ia nimle up of tlinw anna 
mutually at right aiighe rcpnweiitiiig the nxea of co- 
nnliiuili>a III aiuuai alaiut uiiil along wliiidi conpk« and 
forci'H are bi lai meaaiind. The inialcl la moiinhal on 
the upper end of the terlicul anil which ]inijeela through 
an oil aeal in the liutbini of the tunnel. 

Tim entire u])|H<r I>art of the luduiiiHi reala on a atcel 
point, lautring in a abad comi aiijiportotl by llic caat 
iron pilinr. The lialaiuHi ia norinidly free bi nu'k nlunit 
Ita pivot many dina-l ion. When wind blown on a iiiihIcI, 
I he eoinponenta of the force »xcrb<il are nneaured by 
huiigiiig weiglita on the two lioriwiiitul ariiiM bi holil the 
iiiimIcI in ixiailion. 

Tho lailuneo ia ulao fnav bi roUibi ulaiiit a vertical 
axiH Lliniiigh ita pivot. Thu moment pniducing thia 
nilatioii ia Imlunced by a luilibmUKl bimion wini. 

Hpiciul atlmdiinenta lairmit the iiienaureincnt of the 
fonai in the vertiual axia and momenU nlanil the two 
horiaonUtl axca. 

The thnai fomea and thriai couples lu'ting on any iiiihIhI 
plootai ill any atliludo can bo atudhxl at hdauni. Tim 


panda in 11 feet to a diameter of 7 feel. Tho vchMity 
of the air ia reduced in puieiiiig tliruugh tlio oono and lias 
ita praaaura inorcaaod in aoconUnoe with a well-known 
bydraulie prlnoiple. 

The propeller la made of blaek walnut willi four blodoa. 
It worka at the laipe end of the oone and dlaohargoa into 
the dlffuaor. The latter ia built of wood grstinga with 
holea oloaely apaoed ezoept on the aidea facing the pro- 
pellar whloh lutve no opening. The propoUer race ia 
■topped by thia wall, the vehxnty of the air duatioyed and 
tile preaeore raised. The air then eeoapee through tho 
holea In the dlffuaor inUi the room. The oumnt ia thua 
returned through 9U degruoa and brought nearly to reat. 



The pnipcilor woa designed on the DrawHwki ayabim, 
which aaeumiw llutt each bhulc msitioii la au nuruiilano 
wing moving through lliu lur in a spiral path. In order 
to keep down turbuleneo, a vwy low pitch and a brood 
blade were UMsl. To gain efBeicnoy tho bhulcs were made 
thin and, therefore, weak. To prevent fluttoring of the 
blades, the blade anotiona were eo ormngeil that tho cen¬ 
ters of presHure of all acetions Ho on a rmliut line drawn 
on the fane of tho blade. Tlila artillisi mwma bi have 
IKevenbsl the howling at high speed commonly found 
with thin blades. 

The prupoUor la driven by a ‘'ailenl'' clinin from a 
10 horao-power inter pole direol cuirunt motor. The 
pmiieUer and motor are mounted on w liraclml structure 
flxod to a concrete block and »ru licnee Independent of 
tho alignment of the liinnol. Vibration of the motor 
or propeller cannot Iw tronainillcd to Ihn tunnel oc tbere 
ia no eonnecUon. 

in onlor to iiiointidn u sbauly current of air, the fan 
must run at conalaiit nivoluliuna per iiiinub>, but in 
onlcr to allow a linn adjuabnout to obtain aiul hold 
any speed, a direct current motor is uevessory. To run 


boJoiV’e is |>ns-is« to ouo por cent. 

Vulis'lLy is meaaurud by mnana of a Pibil lulic wlikib 
was calilirabHl on Ihu wiiirling unii at Tuddiugton. Tho 
Pitot tulie pressurea aiw read on a ('hattuok liquid niicro- 
manomebir. Velueily roodiuga ore prcciau to one half 
of one |mr isinl. 

Testa luivH Isven mode to deb-miino tho lift and msia- 
biDoo of a model aernplano wing which luul pnivioualy 
been hwb-d in Kogland. The results oru in uxnelleul 
ogreement and indii>ato that the Rngliah luuiuil auil 
balance have lost imuo of their precision in the rallinr 
exbmaivc olleratluna that have Issm rnmle hero. 

The wiml tunnel hoe boon in o)H<ratiun since July, 
1914, anil lias boon uaed fur oom]iuriM>u of Pitot tuba, 
ileleruiiiuitiun of the ocrudymiraiu co-«rHeienU for a 
numljor of wings, bodies, and miscellaiusma ohjis'la, 
for ihuaia work on oeruplaoD alability and liy aliiilcnla 
in cuunia-tion wiUl pnihlems arising in llic eourso of 
ocmpluiHi di-sign. 

it ia hoissl lliut ill following up design by wiml tunnel 
tnsting, Bcroplaiiii dimign is being plmssl on ii nilioiud 
cngiiiisTing I osia. 
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A Review of Some Important Problems, and Laboratory Aesults 

By Eugene Bloch. Prftfessor at the Lyode Saint Louia 
c;<nii luilcd from Sciajrririo Amebicas Huppubmht No. 3056, Pace 889, May 29, 1918 


Tmk iimiciiuiiw Jiwl (hw-rlUil iin- mil llii' mily (Him 
which Uic DKMicrii tliLury nf iilcclnmingiiHllHiii hucoiui- 
U'Jii. I’crbuiw the grHvmt mii-H urlw. lu aduptlug It to 
the exjNTluH'iilal fuclH uf ruilliilluu. We kuuw Uiat 
tlicriual nidlulluii lu iiiiilllbrluui lu a (hiiiMtuiil-lrailien- 
turc clmiutaT, and culled "liliick riidliilluii,” haa a den- 
Hlty liidciviidciit uf llie luirllculiir iHuly iiruducliig It. It 
1h a ruuclliin iiiily ot llic wavu lengih X uud Ihu ubme 
lulc tciiilM'niliin- r. Our llieun'lliiil kiiiiwlcdgii ot IIiIh 


r.i 

Tbla eiiuatliin HullHlb>H imt only the Ihrco tUcorcUcnl 
luwM, but nIhu currcHiMindM to I he oIm'fvmI dlKlrlbutliin 
of ewrgi' lu the h|m>cIi'uui of u bluck tuidy. Thbi for- 
uiulH reduem fur large valuea of KT to tlio earlier oue 
of Kuylelgh, 

«* ■e Tl/C,' T/V" 

Now, the aliH-lniiiutgiietlc tliuury aeriiw to lead almuat 
liwvlUbly to UuyleJgh'a roniiidu for all iraiw-lmglha la 
tlagranl coiilriidletluii to cx|HTluR‘lilal facta ’ilic acc- 
oud furuubi, Indeed, du(« not give a nuixluiuui to tlie 
radhtUuii dbilrlbulliui eurvu uud makea Ilia total radbi- 
Ilua inflallr. TliUi conaeiiueiice, which the nMoarehea of 
lend llaylvlgli* and Jiwtur uuido extremely ptulaible, 
haa beeu rendered certulu by Ihuae of l/ireiila." Accerd- 
lug lu Iba hilter'a roacurrlieo, Ihe luoal general njoatlan 
of au rleelniiuagiietlc ayatetu, Imaed u|kiii the ether, 
elaefrotiH, and iiintter, by a huIIiiIiIc choice of iwraioet- 


niuatloliH of niccluiutcH. 'I'be aiiiillciilluli of the tuetbuda 
uf prulaihlllty uud hIuIIhIIoiiI UM>cluinlea, m|a.>clully the 
tlieorem ot Jilolivllle (which la a coiiMxiiieuce uf the 
Mamlltouluit forui), l<•lldH iia, I hen, lo coiialdnr aa hi>- 
pllcuhle In llie clhcr llic llicorcm of Ilie ciiul|iarlltlon 
ot euerg) which iilao brliiga iia onl wllli Uuylelgh'a 
furniiila. 

In onbT III iKCHia’ friim thla IiIIih] alley mid obtain 
the curlier fiirniiilii, I'Iniick hivciilcil (he hj imllicela of 
tbo diHCoiilliiully of eiu-rgy or ■iiuiiihi.'*. Ai-eordllig to 
thla liyiailbeala, the uiuleeiilar reamuiliirN ciiiinot cx- 
chuuge eiu-rKy wllh llie aurnmudhig niwllum oxcetit In 

whole miildiilm of Ihe au.. quantity (i|iiiiii- 

turn). At. all auiiiiiiil liriHairlliiiiiil lo llie fnaiiienoy of 


KliiNlelii, II. I’llinenrli, iiiid ulhera (wi- aiilclea eired, 
fiait-iiole l.’T). We will iiihh over nil llie cniiMniueiiceH 
which haw laioi dialiiccHl frciu llile hyimlheNlH (ibeory 
of HiHTlltc liiaila hy Kliiahdii, elc.), except tlioao which 
arc purely eleelrunuigiicllc." 

It apiaHiru that wc ll■■>1I uiH giro il|i for the free ether 
the oiuulloiiM niHl onlliiary lawn of cleetrouutgiietleg nr 
Ilia dynaiiiica of llic free cleclroiu The niudlOcitliHi of 
the eliHHnmuigiiclle theory which we iuuhI makix if 
neecHiairy, relaica only lo llic rcliitloiw lu-t.waen matter 
and Ihe ether; that la lo any, wilh regard to clectnma 
not rna>, to enilaabiiia uud ulMorptlirti ot energy, or iwr- 
hupa lo emlaaloii alone, which ninal I lam be ninaldered 
an dlHroiilInmHlA 

UrllhmlH" Ihliika tliul llierc la n haqiliolc ot eaeaiie'. 
Plaiadt'a Iheury reala iiiaiii nil nrhilniry b.r|NHIieabi with 
regard to atrklly nuHiiK'liroiuatlc nawnuitora huiliig very 
little (ihyaleal bnala. in giving iheoe np, llie eompllcn- 


HW, p. 14. IIKW; U 
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thill nf the rraaonlng rapidly inereueo, but Brlllmili) 
thliika that we cun probably eom# out with Plaoak'a 
formula without rrcoiiraa to quanta. The iM«lt would, 
however, lie Ineonidaleut with the ganeral tboory of 
rairentx prcvloualy numtloned. PiaiulMy we may hope 
to naioli iiaire preclae knowledge ot the meehentma of 
ulamnitloii about which wa know pmetlaally nothing, 
aial thence get a haqiliolc fur eacape. Thla donbtlam 
will hapiien in the futnre. 

There In another duoMln than that of radiation, 
uli(>relii the cleetroidc and qiuiita theorim are ctoarly 
lociHMlatcnf, that of the propeitim of the metalo. Ac- 
(vinUiig to the electronic theory, the ihanael end elec- 
tiicnl cuiidnctlvltlee of the metabi, na well ae many 
other uf their propertiao, are duo to the motkm ot free 
eleetrona. We may, indeed, derive thns the law of 
Wleduninnn and VTnoi. Klcctrona ehonld therefore play 
nil Important part In the eprclflc beabi of the metalA 
Hut, Hceurdlng to the theory of quanta, the apeciilc heat 
Ih uniquely related to the uncharged atqmic rmonatoia 
(Klnalclu). Thla aceonnta for the behavior of the ape- 
elflc heata at low temperature*. Bnt the quanta theory 
haa nothing to offer aa to the thermal and eledrioal 
eniidoctlvlllea. The diacordance lo, however, dechdre. 
U la perhaiw prenutare to try to reconcile mattera 
iiiiltl meaHnree uf the thermal condnctIvlUea at low 
teui|a>rafnrea have been made, comperahle with the ex¬ 
cellent uiKw on the eloctricnl coniluotlvllle* made liy 
Kamerllugh Onam" at the temperature of liquid air 
null hydrogen. 

IV. TUB MAancrun. 

The electron eeenti to have dellultely become one of 
our phyaleal prafiertica. P. Weina* baa fur aeveml 
yearn, and with liHTeaaing eurceae. tried to liitroanoii 
on element uf maguctlam, tlie magneton, bringing to 
la-ar niioii It an Impuaing Diaua of experimental reeulla 

lie atnricid (rum (he theory of dia- and para-mag- 
iieilani built by {.ntigovla* tn that llienry dUmag- 
la-llani la explained by the deformatliHi of tbe lulre- 
alonile cicetnmic trejectorlea under the Initnencn of an 
exterior eleetrle Held inrantagnetbun remilta froni the 
exlatcncc of a moleeular magnetic moment of certain 
auhalaiaiea. Wolaa has eiaboraUid thbi theory an aa tn 
Inelndc femmMgiietbun by meaiw nf n HUiipleineiitary 
liyiHitfaCHbi, that of molecular magnetic Unlda proixir- 
Ihiiuil lo the magiietixlng force. THila Idea nf an elec- 
trle field bi not new. Through It BIW* daveloiiad hla 
iHHiillfiil tlieory of the atrneture of the aerie* of eer- 
tiilii aiteetruin llnea and tbe Atemnn effect. It led Wolw 
to forniolie whU-h nre well anlietantlated by experiment 
lint only 111 thn legHImuta field of eleetnimagneUem (tlu> 
iTirlullon of (he dnrle eunatant wlOi tlio temperature), 
hut uleo na to Ihe atwclfic heata of ferromagnetic iHNllre. 
It waa while looking for aueb preclae experimental con- 
llriiiallon that Weioa wua lad to the theory of tlie 
magiaitun. 

Tlie meamrr of the abaolnte ralnc of tlu* atomic mag¬ 
netic moiueiila of Iron and nickel at the temiieiatnre of 
Ihiiild hydrogen, made In eolluhantlon with Kameritngb 
OinicH, led at the atart to numbera 12,11(10 and a,fi70( 
which divided, reapectlv^, by 11 and 8 lead praetlenlly 
to Iho enme qnotiejit, 1,133.11. Por cobalt the ewte- 
apondlog unmber waa later ftrand to ho very cloae to 
!»X l.iain. For the molecule of magnetite the reaplta 
were more complex and muot be divided hy 0 to com- 
lairc them with Ihe atom of Iroa Tbciie alao led to 
wiuilo mulllplea of tbe oame Dumber, the factor of pre- 
IHirllnnality ehanglag abruptly at certain temperaturre 
ae If the atom of Iron nudoCwent correopeodlng all»n- 
tlnno. The number 1,33(1, of which all the atomic mag¬ 
netic momeota are mulUplea, will he called Ihe mag- 
iietou-gramiiie, and ita quotient hy the Arogardn num¬ 
ber (Uie number of aUmm per grammeHitom) ia the 
magneton. ItW X HH*. The pwqmitlea of a feirumat- 
netlc body are than well explained hy anppoeliif that 
the magnetle momenta iff tbetr atoam are idmple multi¬ 
ple* of a magnettm. Vagnatlam will then have t pun- 
nlar etmeture Uke eleetrlclty. 

inie raitlng cenOmatioiia have been mode of thla 

” with mtiard to all thaaa awati^ whlrfi «■ 

I" iwn ttaaa akakh. aea the lerturt width we «allv«*N helm* 
the OoHMt da phyaifw ia DafMbv, UIL apae the itintn* 
thaiiry of uietala. and alee the hook which m hav* atvmi] 
Hmai ritad on tha Theory af Mtottoa. 

■ Walaa, yaeraat 4. hdOUfig, liU. 
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iheMT through ateamrw of vorkaa •xpffrtmenlefu, gpon 
paremagiietle aoK* or. Iiidaad, uimm oOar hodlea. the 
unmbere of FueaT and thoee of KHet lieytla" ore In 
qnalltaHve and qiianUUtiT* aooord wlffi (Be hypotbo* 
of the maguetoii. A* the** niinibna were alctilatad 
wllh refemee to water oa a atandard. on exact knowl¬ 
edge of the dUaagDctle eonatant of water becomo neo- 
ewory. Ita mfooure U dlfleiitt and haa lad to dhe 
ciepaht raanita It hai bam reum oau red oopanlaly hy 
Sdra* and ty P. Weioa and Plocnrd,* who have reochad 
euneordent reonlbi cloae to dTS X at 20 deg. Oout 
1 be theory ot tha nagiMtui thua ha* hod the merit ot 
llxlv deilnitaly thla important cooNtaoL 

Wo art oblIgMl to adadt, however, that for (ertomog- 
iietlc bodie* the atom doea nut poaoee* a nnlqiie mog- 
iirtlc moment, bnt ha* a oerUln number of dlffeieat 
value* according to the temperatur* and the chmloal 
componiul into which It enten. All theee valnea, how¬ 
ever, have Integral ratloa The actual exhrteuee of the 
magneton haa bean demonatrated in (he alonm of iron, 
nickel, oohelt, mangaiicBe, vanadium, caldnm, meroucy, 
and nianlnm. Wa tberefim aeem to bare here a real, 
very general coulltumt element ot mattw. Wc may 
tbereftire totnk of adding the magneton to the other 
known tnndamental elementary, bodleo. The attempt 
made by Langavin* to deduce the magneton from Ihe 
■lUNDtum of Planck will deubticm aerve aa a otlmnlua 
lu this direction. 

n. mn nonuorion abd BATtiuB or sAomua inna 

We will not tUacnaa hate the simple, ordinary Iona 
auch aa originate frun tbe X-tayi, nuHnm, the Uerta 
effect, etc. For wweral yeara tbe aecaplMl theory 
(langpvio, J. J. ThouMDU, Towooei^ and othera) waa 
thia: the negative clectnHi, turn from a molecnle by the 
Ionising force, xurronnds ItssU with a cortega of nan- 
tral molecnlea; the mddnal poolUve atomic loo due* 
llkewiae. Tbna originate tha ocdlimry poaltlve and 
iicgalire hMu. They are cbaractcriaed hy tbolr mvUI- 
lly K, coefllclent of recombination a, and dlffuidou O, 
At very low prenauree and at high temperaturaa them 
aiweinMagiw are diaeuclated little by little to the primi¬ 
tive charged center. We will aee Uut «>nie moiUllcattoii 
uf thcne Idea* will be nccceoary. 

(1) Ahing the Hoe of theory alnce tbe fundamieubil 
work uf hnnaevln (Ainialee Ob. Phya, IBUD) oeveral 
new attemirts have been mode to explain the order of 
magnllude of tbe molillltloa end thdr variallona. 
Among ibeoe we abould ipecUlly mentlnn thooe of 
HutberlaiMi," of Welllech." aiol of KelDganuni.* Hutb- 
erlund, cepqriilly, depailliig from the hypothnds of 
miilecaUr aggluawietlon, aappoaea that au ion ia falen- 
Ileal with the electron or the ptlmlUTe atom-ton; Ita 
velocity ia mediBed and ratorded by the eleetrle action 
cxerelaad upon tha naltfiborlng iooa or the mulecnlaa 
polariaad by Its appruech. An apparent viooiiaity ia 
Ihna CTMted whieb explain* very well the resulta of 
Phillip* (ace forlber on) upon tho vaitethm of the mo- 
liillty with the temperature. Tb* actual theory la not 
unlike that which led Butherland to hla weH-knowa 
formula lor tbe rariaUan with the tempafatiiN of tbe 
Tiaenoity of a tow. 

It wlU be porhapa conreoleBt tp use tbs oonventlau 
of the older theory, eonaldertng the ton an agaegihliflas 
ill perpitual proeeai of fonnatloii and dtototogntfam In 
a ktod of dynaarienl eqnlllbrhim | the ehoxgad eanter 
will than be In tun free end loaded with umitoet. mole- 
raleo. We will aee that mgreatH port ot tha expert- 
mental data makes awA a eenvemtlon afaeoat neomanry. 

(3) Wltb a v|sw to fnmlAiQg naefia rngteUl fbr 
the tbeontlcel devetepmenta, rfifiv ktonnnf teve been 
made eptm the mobUtty, tha tele of leo&mMfiatien, end 
the dlffimion at earlow temperittiren. and liriMine. 
We-will meothm tha ■Meadlue V Shffiftff* 
dt k and a with to* tompefetiBM). Xwbt|lk.^ Todd,* 

«v ^ ^ '»* » i 
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SaENTIFlC AMERICAN SUPPLEHEOT NeiW? 


will not paM tbrouBh air, alUunigli the)' will tbroogh 
flu(irlU) and inrtly throagli quarts. It produces amall 
lima of bolb algna, ucutral centera, large Iona, and 
osone. It la rattrcmcly senalUvu U> minute traces of Im- 
purlUea In the gua, Iracea which cnuuot be detected bf 
III tier uieaiia. It can be dlHtlngnlahHl trura the Herts 
null become very much Kreater. All tbOMo condn- 
hIiiiim uro drawu from Ibe reewrchea of llusbea,'*, Cao- 
iHicleler," lieuard iiud Ituuunuer,'*, and laion and 
I'hiKeiie Hlnub.** The latter hare shown ahw that the 
nidlatlim tranHinItted by quurix and coming from a 
uu-n'ury arc lonlaea the air fwlily In the nelghborhiaid 
of the lire and Mecma ciiiimajueiiUy to omit a amall 
amount of Hchuroann raya In place of the uanal source 
of Nclinmann rays, n hydrogen tube fnnilslied with 
qiiarls windows, Leiiard anti Kamaunor used a very 
IHiwiirfiil sparh between electrodes of aluminium. Then 
the loulsatlon takes place even through air and quarts 
and tho cxiwrlmentcra uttrllnite U to rays of wave- 


prolaihle that the effed In due to ordluary Hchumaini 
nijH which have been iMiilally imnsmltted by media 
generally iqaniiie lo llieiu hrciiiiHc nf the great ortglual 
liileiiHlIy Ilf the IlghL Tlila (|neHtlon rcmalna to l« 
studied iiM well aa the Ismard effect In gcnenl, the 
knowledge of which Is yet very limited despite the great 
number of liilereMlIiig pruhlemH coniiertcd with IL 

The Problem of the High Building 
By Prof. Charles Peck Werree, Asalstaat Profeseer 
of Arebiteetare, CelombU llalvsfslty 

Tire question Is fniiuently askeil, Will America ever 
Uevehqi a slylo of nrchllechiroT I'roliiilily the nenreet 
we have come to It Is In tbe areelloii of the skyseruiier 


The demand for Ihe shysersis'r Is an outemne of eon- 
dltlona iicenllnr lo New York, Hllhongh Clilcugo elnlms 
the honor of having erected the Omt st<-el akeloton build¬ 
ing. Hanhattnii iNlaud Is so narrow and Its trade 
oeotor la so near one end limt the nipld Inereeso In 
trada since INTO lias iiueoaHurlly Isen ennilned In a 
limited area, aial In e<uiMe«|uonco rlio land there has 
advanced rapidly In vnlne. 

Tile flrat direct result of the nieiuo'e hi the height of 
hulldlngH was lh« liiveathm of iwsseager elevators for 
e<unm<>r<-lol linlldlligs, for It was smai dhasivertsl that 
tenants wiaihl not nioniit stairs ulsive four, or, at the 
miMt, live stories. Klcvators wen> euiidoyed for the flrst 
time 111 the Hflb Aveiine Itotid In land, and later on, 
In 1808, In the old Kspiltahle lliilldlng, destroyed by Ore 
In lUU. The gradual deveh 
high speed nude rerlhul tr 



owing to the eoiisluiit rim- In real estate values, so that 
the height of liulldliigs had to be raised to ton and 
Iwolvfvstorkw. It was s«mhi discovered that these tall 
hiilldlngs, l•^nslrlu■led as they were of combuatlblo mate¬ 
rials la the fliairs, stslrs, and elevator wells, could nut 
lie euiitrulleil la ease of lire, so tlio Kiilldliig Department 
In 18tU iMsseil a law itHpilrliig bulldlnga exceeding 
elghty-flve feel In height to la- flrrpruof. 

This gave a gnail Inqwtns lo steel iisutnnHIini, and 
bnlldlngs siieh as the Mills, Morse, and lh«t were eruel- 
ed. In which, for the Hrst lime, llie floor Isviius and 
Interior eoliuniia wen> made of Inai or slerl. The 
fnrtluT development of steel eonslriietloii inaile It ism- 
slide to erect a safe uad eetsanuliwl hulldlng rising lo 
a gronter bclghl. 

A new dlllleiilty here pnwnteil Itsidf. Umler Ihe old 
system of naistruetlon tho outer walla became ao thick 
at the haM>, wla>u the hulldlng was carried up twelve 
or Ufteeii stories, as to euiise n loss of Income (u the 

Imllway would ho left It Ishviuc nceossary to make 
llw walls thluni^, and this resulted In the construcUnn 
of eiirUIn walta tiiul skdidou tramee. 

The niamsiry walls are init needed for strength; tbeff 
are dlihlnl Into si>clhais and supisrrted by tbe ated 
fivime. A twelve^llory hiilhilug, for instance, would 
rtsinlre ;M-liieh Issirhig walls on the flrst Hisw, lint ooly 
'-ti-hieh skeleton walls, saving nearly three feet in the 
nldtli of Ihe hulldlng. or over 10 per cent on a lot 2S 


feet wide. Tbe walle of tbe Woolwcftb BnOdfag km 
4 feet 4 Inchee ttaldi at tbe boaK Dader the old aaetbed 
they would have been 10 feet 4 tn^ea. 

What la tbe limit to the tMdght of batUtoffiT Tbe 
nimwcr la tbe height at wbldi tbe bolldbiff oaoaea to 
yield a lUlDolaat Inomne ou tbe Inveatmeut Then la 
1 u doubt of tbe poHlbUlty of ereettng a bnUdlng UlOO 
feet hlgb--iay, aeventy-flte atorlea—but would It pay? 

An examination of the reenrda of the BnUdlng Bureau 
shows that tbe Im-rcaae In the height of bnUdlnge la 
nut repreeeuted by a steady upward line of growth, but 
by an Irregular line lu which tbe upward tendency le 
Interrupted at liitervala by tinea of depretolnn, 

starting with tbe year 1880, wbloh marind tbe begln- 
iilng of the deveiopmeut of tbe oteel akyacraper, tbe 
height rapidly IncroaiHd to eighteen atorlea, rMcbed by 
the Mutual Ufe Inmiranoe BuUdtug In 1888. Then fol¬ 
lowed a redaction loatlng two or three ymra, and then 
nil upward miivemeut culminating In IHIO In tbe tweii- 
ty-foiir-story Hark Kow Hulldlng. The folluwing demde 
wllniwacil a slight repmwion until about IBOO, and then 
!i ra|ihl turn uinvard to forty-two atorlea attained by the 
Hlnger Building in 1800. Another elib followtd, and 
then a rise which waa topiied in 1012 by the Wcadworth 
Handing with Ita Arty-five atorlea. 

A eongiisUon of ekyscrapora In any community In ob- 
Jeethaioble for aevoral reasons; It Is dangerous to llfb. 
iiieiiai-e to liealtb, and It Impeilea traflic. It la quite 
true tliHl the modem tnilldlng can be made fireproof, 
hul when filled with Inflammable matarlal, it bacomea, 
III effn-t, merely a stove or a furnace In case of fire. 
A large |S-rceutege of au-eallnl loft bnUdlnga are naed 
for uieiiufeeturlug fninasme, fur which they were not 
designed. Uialer tho present bnUdlng code It is still 
IsMsIble for owneca to pervert the usei nf their buildings. 
Wlien the new code la adopted the pruvialuu requiring 
a (s-rtlfleatc of ocenpaney to he flled with the plans will 
(i|N>rate to prevent this condition. 

In n-gurd to the aecoiid eauae, the dark rooma In 
which thonaanda moat work, cut offffrnm light and air 
by the adjoining tall buildings rniqncidioiiably have a 
damaging effect upon the health of tho occupants. This, 
however, might not have any effect In limiting the 
height of buildings, but the fhet that theee darkened 
lower floors yield a smaller revenue will have Its dlPcL 

(kuKv-nilng tbe third cause. It does not nerd any elab¬ 
orate explaimtlon to show that tall bulldlnga bring 
otsmt a thoroughly undeslrabla Cmigastlan of popnla- 
tloii. Htnrt to walk up ffinb Avenue from Pourteentb 
StriH-l nuy day iit tin* mmn IXMir. It Is almost Impox- 
slhh-, Iss-nust- of the Irametiilous outissirlng of the 
iHx-n|aiiils of Its- adjoining loft hiilhllngs. Tbo result Is 
llie neighlMirhissJ is sbunned, ami shope become unde¬ 
sirable, rent falls and the bulhljiigs fall to retnm a 


Tin- future uncertainty of loud values In New York 
city will also have a teialeney to dlsconrage the erec- 
Ihsi of high hulldlngH. Hitherto the tendency of values 
IsiH lieeii almost uiilfonnly upward, but In the last 
few years there luis tss-n In wane quartern, notably In 
the llnstdway aeetion hIhivp (llty Hall up and In lower 
llftb Avenue, a temleiicy lu the oiipoalte dlrcrtlno. 
INhu can foretell with auy certainty the effect of tbe 
future subways and tunnels upon lami vsluesT Happuso 
the vsst mitlylng area should Im devehissl for mann- 
rm-lnrliig jiurpistiw, of what uae wmild he tbe loft 
InilldliigT 

A skyaeraiH-r la not ueceMsarlly a nnmey-maklDg In¬ 
vestment The majority return rents leas than many 
otiior forma of luveatmout uimI some of them actually 
lose mmiey. It Is a sad (vaiimeutary on tbe life of g 
skyaoraper timt the find, the Tower Uulldliig, A2 Broad¬ 
way, ensdad lu ItWH. was torn.down In 181H. Why? 
Hecauae It dhl not |wy. end oA He site la being eeseied t 
low awsde stone strudure equivalent In height to the 
average fouisstory building.—-ATeie york 

New laitraBcate of PrecUm 

Thk work of Dr. W. Roaenhatn, T3.&, of the Na- 
dooal Fhyeioal laboratory, ia vory wall known to ongl- 
neers, partlcalarly throogb bis clear and compreboislve 
reports to the Alloys Basesr ch OommtttM of tho Instl- 
tntlon of Mechanical SnglDeOTH. Bealdm heliiff a mIhi- 
list of internattmial repute Dr. Rosanhtin la an Invent¬ 
or, BOd three of hla latest Inatrnmentt are dmrrlhod In 
his recent Institute of MeUls paper on ■Boma A«pU- 
aucee for Motallographic Beaearcb.” AU time were 
worked out In the metallurgy dmaTtment of the Na¬ 
tional Phyilcal Imborat(»y In order to InoraaM ^ 
accuracy and cooTenlence at reaatrdi work «f the hlgb- 
est kind. The almpleet le a little o(tleal defioe for 
the accurate laveHng of metal spedmeiia Cor the mlero- 
aaqw. AbeamotUeiit.nfleotedCNm|]Mpoll*aaMir- 
fBceoftlwiDetal,letmtduBntadexwbefetffttenr- 
faaecnnhtTikfti7uA0HArMttnlr koriaontal. Ihii 


ottmterolnet r iimmi l i dMl with pw Mma whk* Hm M 
the prepaietion of eceofato aooUBf tod bMttai Wrek 
One of thaw proNema la that of bNtinf aad aooHi* 
spadmina of metal at any dertred rata wMMi flhtll 

ThiM la ■Wilnad by the two of verUoM tahe tanum n 
arranged oa to be hot at one sod and ooM at the ofh«b 
wHh a DDtftmi gmdatkw of tmopeteture between the 
two eadi. nm apedaen la ralaed or lowered In tUe 
tube, and la baetad or coolad aoeordlngly. the rate be¬ 
ing eaoUy vulad by alteifng the tete of ralolnf or low^ 
erlng. A ‘Idank” baatlng ourvo reproduced In the paper’ 
shows a nuxlmam variation for 8 deg. OenL nnglBff 
wily between 18 aeoandi and 90 teoaode over a tempera- 
tnre range of TOO deg. Oeot ' ' 

Tbe third appHanoe deectOed, kaya the Eowdow 
rofafgniph. la a “platUag chroDOgrepli," by mwila<.«f 
which Ihe ‘Inveme rate" corvea, io fndy paid In latMi- 
lograpblc research, arc plottod aatomatloally to a VOfff 
largo scale, the observer merdy tapping m key aa Hm 
rnrhiua temperatare latervala are pamad Tha lnatr» 
meiit, which thus not only octl aa a ifttWMgM^ bat 
at oow plots the readtags la tha ahapa «C a enrve, la 
somewhat complex. Ha accoimta and ntMIhotacy wikb- 
Ing. however, la teatllled by the corvee with wUeh the 
paiier la lUuatreted. _ 
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The purpoee of the Bupplemewt it to 
the more imporiont onnounoementi of Httio- 
guithed teohnologittB, to digett tignifioutt tuft- 
olet that appear in Buropeon publiaationt, and 
altogether to refloat the mott advonoei thought 
m tcienoe and induttrg throughout the leorld. 


BMk Nunben of the Bd«alUe AmerlcgB 
SnpplemeBt 

HomaMKaTs bearing a data earlier then Jannaiy 
SnJ. 1914, can bo supplied by tbe H. W. YTIlMn Ooe- 
leny, 38 Hamsroneok Avenue, \Yblte P lains, N. T. 
Hluoso order snob beck numbera from tbe WUaou Oom- 
peny. Supplements for January Std, 1914, end nbio- 
quent loBuea can be supplied at 10 cania cech by IfanB 
d Co.. Ino, 888 Broadwey, New Ywit. _ 

Wn wlah to call attonUon to Oa tact that we on In a 
posltloD to reader competent awvlota la every braash 
ot patent or trade-mark work. Our etaS le eompoM d 
of meefaaaleal, elootrlcal and chamlnal experts tber- 
ongbly trained to piqam and proaeonta all patent ap- 
plleaUoiia, tm^weava ot tha oomplag natsH of Ibe 
■nhject mattar Invdvad. or ot the ipaelaMiid, tetbnliil. 
or adenUdo knowledge reqnlred tbmte. 

We eleo bare aoMdatM throogbont the wog^ who 
aaolBt In tbe proaeeetlim of petinl and tielliinerk ap- 
pUceUoni filed la eU eonntrlea fardga to the Hilltd 
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MlHilM tKi day «n ttMufonniiti, In that 
tiiay iMtm that a qMdai «aa be tnorfoimad Into a 
dflft jW n t Iftielm by astanal or Interaal inAMneee, bat 
t)H|y dp not. idMe In nptd to the menhanlan o( the 
Ijnwfwfwittnn arnlthrfantlinntTrmTiil XsperimotU 
nllh plhati hava hfafeady glmn malt* that hvmt to 
eonlbtik lanaik'i rlew, that the fonni and fanoUoiu 
e< Gfjihi an modified lAlefly by ohaogee in esteraal 
eopditiona of life. 

fnf. Pml SabaHtr: Prat. Sabatkr, who in 1012 
with Praf. Otesaard the Nobel iwiie for ehemlitry, 
hppea tot the qiaedy dlnoveiy or produotion of laniio 
iinrn****~ <d ndloaotive MlwtaaeM. 

fr^. ffamwt Powi: Dr. Foad rqdhn that eaaot 
knoedadpe of the eaun of eaqeer b a moet uiaent 
ilialibritTim Neither the panudtb nor the noa-para- 
iitie theory hai been proved nonolnalviriy, although thu 
latt^b penhaiM lopported by the itroncer evidenoo, in- 
ehidlac nmlte obtained nnentJy by Dr. Poaii. 

the dbeovery of the paraiite would won be followed 
by the prodnethm of a dlacnwUo wrum whhih would 
1^ to very early operation. It might oven bo poedblo 
to pndnee a enrative wrum, that would dimlWi the 
extent and danger of the operation, wMoh would etill 
be aaeoeeniy in Dr. Poul’e opinion. 

It the dfanam b not paraaitie, knowledge of the oon- 
dlUona that promote the growth of aaiwer oelh would 
Mlggnt mothoda of preventing the dieeaw, or, at leaat, 
of aneatihg or retarding lb pragrew. 

Prrf. gmtU Banl; KmUeBorol,piof««ar of the theory 
of funetloiw at the Borbanne, and an adept in the theory 
of probebUitbe, tliinhi that the wltmUflo revolution hae 
alnady been Inaugurated by the appUoatlou of the 
irtatieHfial method, notably to raiUoaetlve ehangee, which 
we eaa explain In no other manner. The euddon ox- 
plggton of a etngb one of a multitude of radium atomi 
b governed by the known bwi of probnhilily. Tlie 
point of doparture for tin eolouoe of the twentieth eentury 
b the prino^ that the moet immutable law* are baiiod 
on ohaasn. The explanation of phenomena will oonibt 
in their reduotion to very numerous viemniitary aotkmi, 
ivgulatod by atatbtinal bwi, aa the pneauru of gawa b 
M^lained in the UnoUe theory of gawu. The most 
attiaetlva problem b the statblinal explanation of nut* 
vaml gravitation. When the sUUsUeal method has 
taken ib proper pbee in meohanioa and phynea, it will 
be poabbb to apply it with advanUgo to bioloKioai and 
soobl problmiB. It b alroady raoognised that tiu) 
myaterba of heraditaty ean be explained in no other way. 
Thta traiufunnation td suienoe will inSueneo our i!onoei>. 
tion of knowledge. The dogmatio valne of a law like 
that of Newton wlD give plam to Ibo praotioal domoo- 
atntlon of tho Improbability of mlraolus, and sUtbUnal 
OMtalnty wiU be subaUUitod for logieal oertolnty. 

Prof. S. C. Piekenng, aj Hanard; Thb eminent 
ADMban astronomer regards as the most iraporiant 
of astrononiioal dboovei^ tho detmminatloa of tho 
numbers of store of different eoloie and degroes of brighlr 
noss, for the purpose of fliuling their dbtrlbutbn in 
qmoo and fixing the limits—of these ore limib—of the 
. t-iifj universe. Determinations of pamllax nod pmpor 
motion would be equally interesting. 

(llom«{uindnire 

[fM sdilora ers noi respoNsUb for sfelemmls swds 
in <*• oorrespondsniio oulimn. Amm^momt oosuaeni. 
oiftoM oiiinol he oonsMered, hal tho nMMS o/ com- 
spondenb wOl he teUhheM when so desired.] 

Safe ud UiMfe (hj-XeetylcM Gcaenlon 

To the Hdltnr at tho HoiWTirio Amkmoah BurrixMcirT: 

In ■ recent laae of the MummiBirr there was pnb- 
' luiuwi « deMriptloa of how to make an oxy^cetylene 
weldtiig ontlit, and whlb the writer b nnduibtedly a 
ebver wfeasBb , it la evident that there are mguy Pecn- 
iigrli^ of leetytone uiid fiiote in rebtlon to its practl- 
cat nee ^ be b nnaainainted with. Aa a eonscqueoce, 
tho appnm^ edUUi ba descrlhca ttmtalna etameiita of 
serloM thugM, and It ta of a form fhat meeta tbe db- 
gpptoydl of aU experts and experien^ men. 

' in view of the nhoTe • few fheia la rebtlon to acety- 
UM may ho not only <4 Interatt. hot partlcnbrly val- 
aaj^ to ftgbi ibidBmpiaUBg the oae of woMlng appa- 

"*2^ ^ ataWlBNr Mnstry, which tor the flrht 1^ 
ytbea MM aaphMU .attenttoa to mMiilimtte tad do- 
to a pqlirf where It was 
National Benid of n» 

'cmtM 

i |idi tayy ,-»»’:aw#liy off « 


modiflcmtloiM In the system of generatioo. The detaUa 
of the rapid adaptation of the Industry to thb new fleM 
only have inteicet to the geiieral pablle, In so tor ae it 
may now be mid that this Held is as well covered aa 
regards safety aa tho aystema used tor lllnmlnatloa 

The aimplldly iif the reaction between calelum cor- 
blile aiHl water tii tbe early daya temped many who 
are not emduorra or cfhrmlata to liriiig nliuut Ihia reae- 
tlon, and hecaiMo they gut UlnmtnaUun aa a reaiilt, they 
did not realise that aeetylnne, like any other sua, mnal 
he pnqierly eiwl rolled or M wlU cauae tnmhie. fk» In 
the oxy-ocetyleoe welding Held engineers and meeluiidea 
lud familiar with aeetyleiio aongbt to almpllfy the aya- 
tema of generallou, and thia boa led to an eiiklemlc uf 
pbuB and apoclfkntloos tor aliuple generators, pot forth 
In good faith hy their originators, but hasardoua In tbe 
extreme beeiiuae the necessary aafegnarda, which long 
experleiKh) hua denuniatrated to be DCOtsaan'. s'ere en¬ 
tirely bcklng. 

The form wlildi haa aeeineil to ho moat atlradlre to 
those amateur dealgiipis haa been the pnawnre gen¬ 
erator, the ImhIc Idea la-liig the m(xtare of eorltlile and 
nster In aneh a way aa to pnalnec the gua uniler preaa- 
nre, ullllilng (hla pnsMure at the bhiw-iiHs-. Kllehen 
bnilera are a fhvnrlto inisina of atoring aeetj lene Dialer 
preaaurc, or atoring oxygim under prcaaurp. or. inniiy 
tlinea, Isdh In the same apisirntisi. The ahaenee In the 
geiHTuI nuirkelH of iiiqairutoa of I hla klial liaa led tbiise 
niilidllHlud to ladieve that do him* elae haa tliiniglil of 
thIa plan, mat that a lurgi. ttelil saa o|a>n to the Inven¬ 
tor who dlaeovereil it. Tlu> faeta an> that aluiiwt etery- 
<aK‘ In the liiduMiry haa at ataoe time laiNsed through 
the atuge of evolution where thia hlen has la'enrrpd In 
Ihem, and the fart that no opisinilna of thia klial la to 
he hod In I be market ahmild be a warning Inatisid of sn 
eneounigenient. 

Aeetyh'ne ander presanre ehangca lb phyaleal nature. 
.\rter II renehea in isMinda to the square Ineb, It grad¬ 
ually Is-eoiiM's more aial mote aid to dlaanclste without 
the addition of oxygen. The word “dlsaoclate'’ as ap¬ 
plied lo utvlyleoe uu«na that liio acetyleia*. which la 
ciKupoaeil of (virlaai niid liydragmi, will, audi'r certain 
drxximaluiuxia, aetmnile iiial nsian to Im oeelyhme lint 
hetximc (mrbon In the form of Inmiddack and hydrogen 
In the form of a gas. In doing so, it will give off eon- 
alderable quantities of heat. Tbe atoms therefore dy 
n|Mirt with oxphsitve violence. If ucetylene ta nut tinder 
liresaure, tbe molecule Which dlsanelutea la loo far re- 
movtsl from its nelghlior to cnuMi> I he next molecnle lo 
break uin but ouce yon compress acetylene, tho mole¬ 
cules oouu* cloae enough together so that ime molnnile 
sets off the ia>xt, so tiuit the wbide iuosh gnsi Inatanlly 
ami with great violence. All lhal la mislnl to start the 
exphwton la a lem|a>rattin> of 5.111 deg Kahr. or aimve 
this, thio of the Iswt llloalrntiona of thia la a row of 
ilinniiiiis; niwumlog that y<ai set your dianlniH Ihixs’ 
laelies aiwrt and kiua'k over the llrat, the Heeiiod one 
will lag toll, the row of diiailiiiM will aland exeeiH Ihe 
one which has fallen over, hiit If yon bring the domlais 
cloNP enough together so that one fnllliuc hits tin* nexi, 
the whole row g(as< off. Mo It la with an>tyleiie—so 
lung os the acetylene pressure la lees tlmn 1.1 iminiia to 
tbe square Ineb, It may he HUhJerltsI lo high temiaru- 
lurea wllb<mt dtssnoiarliig exeeH uioleonle by moUs-iile. 
Iml If y<ai eompixsw ulane 15 iniuihIh Iu Ihe siiiuire Inch, 
the danger lailiit has las-n nttniaisl, ami llu* more you 
coraiireaa the more dangerniia It luTomea. It la for lids 
reason that free aeetyhsio niaive 15 lanuula lo the 
Mina re Inch la forbidden all owr the world. 

The moment that this ladnt la nialeratiHai, It lieninust 
aiqiarent that what ta known aa the pleasure generator 
would not be permitted for use by aigr aulliorillea, 
munleliwl, Hlata or Innarance. if oil the Inaiasinre an- 
deraliaul the matter. It ta aufflclenlly Dudenlood wi 
that thees generalun have iwver attained any Inrge 
sale, and than ta rsally no market for ihem that ran 
lie made proOtabla by anybody. Thera.are a few enn- 
certM In tbn country who are pnshing tbeae generators. 
They ate made not only tor the aiy-neetyleno Industry, 
but they are used to treata a pressure In acetylene 
which may lie utlUaed iu eiiarfdog antumolille cyllndera. 
Tbe oaa of pmamre gnneratura for Ibis purpoife has 
been followed hy a record of dinth and deatrurtinn 
which abould lie anlDeicnt wanilng. Nevertbelpaa, there 
ars eartoin peopb who, kugartng the ctrcumatancea, still 
peratat In endMvarliig to fobt pressure gencratore upon 
the loeel ginigs nun or acme liHctperlenced peranna 
who may be Induced to orgaoixe a little emniaiuy for 
the pnipnae of fllling autnmulillp cylludera nr welding. 
VfMespread gtlentlon shanld lie tolled by Ihe aelentlflc 
Journab to the totto in tbe enae and mecbanIcM and 
otben Who in experimenting with aeatyleiui duwld be 
wmnwd not to Uadertake tlte cempremdon of ecelylene 
by any nunim, above 18 pounds to the square Inch. 

NnaertHw mintoeturers an making groentora 
working ufi to Mit not over 10 pounds praanre, which 
MM pgand the Matloul Board of Hra mderwriton. 
Tbtoe aye ptoperly aafrdurdsd, end there ta no leMoa 


why tbam) desiring to enter the oxy-acagylrnc fk-M 
ahimld uig BPCnre a |ini|aT gimeralur rather Hum risk 
their Uvea by using ox|N>rimeiitsl ayslema of gishTnllnii, 
whirh may be ecotiomlcul, hnt which oaitnla Inherent 
haxanta which bavn not yet las-n ovemanc. 

A. ('ancHY AIouhisou, 

Heeretary Interaalloiuil Acetylene Aaaiwlatlon. 

A Cnriong Property of Nombeni 

Writs any number uf three iHgila, of wliinh the 

Aral U grcatiT than the bat, any.171) 

InlercluDgi' the ilnl anil last digits . 071 


('.iiaidering thia itiffi-reiif e lo lai also a number of 
throe digits, intoteliange its llrsl and last digits 0 
Add this number to the precxxling — 

The result will alwaya Ih> ... 1(1 

Anotlier oxamiile: 5N2 


Thia rule is a (Nwlieutar inslaaou of a general rule, ob¬ 
tained from the above by jiutting "Iwo or more" for 
"threo,” the result iHung for a numla>r of 
2digitanx 11^11X11 XI -UtlXl • Oil 

.'idigilallx 121-UX 11X11 -dux 11 - KWO 

IdigiUUX 1221»UX IIX 111 ^IMIXIII - lOlINO 

AdigitsOX 12221 OX llX 1111- OIIX INI lUlIBHd 

Kor a number of a digits (n> 1) Hu- msull is 0 times a 
numhcT of a digits, of which thii liral anil lost are I'n 
and Ihu otiicra, if thani are any, arc 2’a; or Dll times a 
number of n-l digits, all of which arc I's; or, if ii-2, 
thu nwull is 9B, if n>2, the nniilt is a number of at I 
digits, of whicli tho (Irat two ore I, 0, the Inst two H, 0, 
and the others, if there are any, ore all ti's. Also, it 
a-3, we note that the n-sult is S'XU*. or .IT. 

Wu will prove the rule tor the esae when a-3. The 
general pnaif is similar. 

Istt m be tIu) given niimlsT and ri, h, r Its digits, of 
which a>e. 

Then w-oXlO'-l-hXllHc. 

Let ai' ho the number obtained from m liy Inlcrshang- 
ing the first and last digits. 

Then )n'-cXll)*-t-6XI0-|-ii. 

New when w» pnaasai to siiblrsct in the units ooiumn. 
since a>r, we add 1(1 iinila lo the minuend and, lo laibnee 
this, add I ton to the siiblrnheud, so I lint 
m t lO-nXlO'-l-hX lilt (KH c) 
and m'-HU-rXlO'-KHDXllHo. 

Tliun as we cannot lake h +1 tens from h tens, we add 
1() tens to the minuend ami I hundred Pt tlu> Bulitiaheod. 
Ml that now we lia\e 

m -hlD-f UXI- oX 10»+ (l(H-i)X 1« f (lO-l-f) 
ami m'+ l(H-100= (r +1 )X HIM- (H1 )X lO+o. 
Hul)lnpliiq( we gel 

la-ia’-[(n-c) - llx10M-9XKH111)- (n-f)l 
Since a and r are digita and n>c, 

(lT"f.^<.ri» 

Here* irn-rT» 

Henoe or(a-r) - irs and I <l(l-(..-f)r9 

Thcreforn (a- r)--l, I). and III -(ii-i) are Ihe digits of 
the difference ai- m‘. 

He! r-*(n-r)- 1 and .-10 (n-r) 

Then r+«»'.l and m-m' -rXlO> M)X10-|-s 
lienee (m-m')'-»Xl0'-i-9Xl(H r 

Therefore 

lai-m')4-(ai-Bi')' -(r+s)XI0M-2x9X10-| (i+r) 
-9Xl0*-|-2X«XltH-9 
-ll(lXl0'-(-2X10+l) 

-9X121 

lu a two or three figure number inten-hanging tho 
first and last digits is the same as reversing the order uf 
all the digits. This is nut w) in general for a numiter 
of more than Ihrnu flgun<a. 

Fur sueb nunibfvs, liowever, siweial rul<>s ean easily 
be tvorknd out for tlai result of an operation like that 
explained ala»vc in whieh we reverse the order of all 
the digits insPiul of nienOy iiilenduinKing the first and 
last digita. 

For example, starting with a four figure numhiT abed, 
it a > d and b r, the reaiill is IlMIUi 

if a > d and b < e. tlu< niaull is 0099. 

Starting with a five figure minilar a h c il c, 
if a > r and b .> d, the nvull is IPtlHIin, 

If d > e and b < d, the riwull is UUUII9. 


Many of the railway linm batwaen France and Bel¬ 
gium hiteram-t the tnua-luei, nud regular trnliia oaniuit 
he run in Ibisa* liswllllea: but tlw Oermaiia have utll- 
lied tbnw Hues hy briiuring In ears operated by storage 
battcriea and a|s>rating them alagly tu remove the wiaind- 
ed from the battle front, aial to bring haek siqqdlea. 





Electrification of the Elkhorn Grade 

A Notable Power Equipment on the Norfolk & Western Railway 


Tiik nliKilrilliKl Mii’Uim of tlio Nurfolk ond Wratuni 
liftilway, known a* tho Klkhnrn (Vnulr, in lonatnd on llio 
tmiiii llm> in Wont Vlnriniai aliout Ukl miU« woat of 
liiwunko, and oxU'iidM Iroin Dluoflold to Vivian, a dintaiM-ii 
of olKjut») miliw. Tho wwllon u donliln trank through- 
onl, exwpl in tlin RIkhom Tunn(<l, wlilnli ia Riiigk trank. 
TlH<n> la alM> a loriK amount <if tidnl traok, or poming 
aidinga and lirumdiM into tlio noal working! and yonl 
IrookAgn. 

Tim gradca ou thn linn oro Imavy, varying from 1.0 
pnr <M>iit nt thn wimt nnd to t.& to 2 pnr oont up thogrndn, 
to anti tlirongli tlio Hiiniinit tnnnui, a diatanoo of atniut 
10 iniloa; thonno thn lino doanonda on a 2.ri pur unnt grodo 
for niMiiit a inilo and Hum riaoM again at tliu ruling rnUi 
of nlMiul O.'iA iM<r oont for lO.A miloa and Anally up a 
1.22 pur oont grodo for thruo mUoa Into RluoAold, tlui 
ooatnriy ond of tho dividon. Kully (HI imr oont of tho 
lino la on ■■urvoa, thn maximum Imlug about 12 dngmoa. 

I'ho ulixtrilloation of tliui aootlon of tho railway in 
primarily for tho punKwo of oolluoting from tho main 
Hiding! and yonla In tho oool Oolda tho ontiro eoalliound 
ia«l biniiBgo, and tronaporting it up tho gnwlaa and nvor 
Dio Hunimll to Ihu olawiiniiaVinn yard at BlueAuhl, tho 
iliviHioii point of tho railway. Knim liluoftold, oftor 
ulaMiniintion, it ia aliipiKid oast to thn vorloiia doatino- 
lion pninta. All uool trafllo originatoi wuil of Klat 
Top. 

Thuni am numumu! nuUiory aiding! tliroughoiit tho 
noal Bohia and tho niontrin anrvina inniiidoa tho oollnnlion 
of loailwl non nr train! from thiiu aiding! on tlio kohI- 
iHiiiiid trip and tho dolivory of oinpthw on tho mtiim trip. 
It will thus Ui auon tliat tho nluatrlAotl Ma-llon ia prao- 
tioally a huml awiudiiiig and aliiirt haul diviiiiiiii Imtwonn 
tho oobI lluhla and UluoAold, ofioralud to a largo oxtunt 
indo|Mindonlly of tho ollior trafflo of tho main iliviiiion 
In mldilhiii to tho hi«vy tonnugu oool train aorvioo, hnw- 
uviT, through niondiaiiiliwi fniighl aiul poiaongor traflln 
o\ or Dh< iiloolrUlud aootion, wbioh i! alill hondlod by atoom 
nmil onginoH, ia nlao hnndk'd in port liy oloutrin nnginoa 
wliiuh uro iiaial oh piialmre nr hul|»ra up Ihu grmlna. 

A uondilioii ru\orulilo Ui iihailrio traotlon ia llui foot 
Dial Intiiia may iM< iloapotohod at fairly uniform intuv 
\uIh lliniiighout tho day and tliua doairablo loading uon- 
ditiona on tho powor ayatum am obtained and at tliu aamn 
lliiiu Ihu full aervino ia liamlleil with a iiuidotmto number 
of louomullvm, i-tu-h nuiking a niwbiir of miind triiw 
lair ilay. 

1'liu piiriMiwi of tho nomiumy In olootnfying thia 
aia.tion la to inonauai thn uaiuw-ity of tho railway by nut- 
ptihII) nahwing tho liniu nv{uinal to handle troina and 
to providn a mom (wmiioniioHl and ofHnlont aorvioo over 
Dill hua\> groilwi. To IMa oiul tho huavy freight troina 
nm humikal with uloulriu Inonmnllvoa at a running iipia<d 
up thu griulua of H milua |M<r hour oa oompomd with 
about 7}i milua pur hour under Nloom opumluin; and a 
fiirlhiu' Having In time ia alao ufTonUal by tho ullminatlnn 
of tho delaya atekiB. troina have horotofom nooaalooMl by 
onuupying tho tMoVi whibi Dio enginoa lake on oool and 
waUir, onu at a ^e, at tho aevonal cool and water ato- 
tiona on Dm grade. The fdloet ot inereaa&l apeed la 
oapeoiaUy marked at the alngbi book Klkbom Tunnd 
3,000 font long on 121 pw neat g^td^ whan on Msowtt 


uf ventilation raqulrementa. It hoa been neeeaaory nnder 
atoom operation to nidneo tho apood np grade in the tun¬ 
nel to about 0 milea par hour. TUi nquima about 
anven minutoa to olear tho blook, whereoa under oleotrie 
operation thia movement in made In about throo mlnutea. 

Tho hnavy noal Intina, known oa “lonnogn troina,” 
haiulbat in thia aorvbw weigh 3,200 Iona and bovo for¬ 
merly boon liandlod up the grade by Ihmo ateom looo- 
iniitivoa, two of theae, a moil engine and helper, one at 
eieh end of tho train, being uaed over the entire aootion, 
and the third, at the rear, nerving oa a puahur up thu 1.0 
and 2 per nent gradea, thia puaher being out off at the 
aummit. Thoae ateam onginea am of tho highly developed 
heavy Mallet type fltUxI with mochanioal atokora and 
aiiperheatora. Under eloetria operation a aingle road 
onginu ia uaed over the diviaion and a anoond eleotrio 
onginu ia nand oa a puahor up the 121 ami 2 per eent 
grailoa. Thua it will b« aeen that uno eleetrie engine 
takiiB the pbme of two Molleta ovw the divWon or two 
elootrie engioea take the place ot throe Mallota up tho 
gradea and handle tho train at approximatuly double the 
ateom apoed. The apood at whiuh the uleolric luoomoUvea 
handle the troina on the 0.4 pw eent grailo between Coop- 
or and Orahani ia 2N miloa per hour. 

Tile elootriool Inatollation lioa boen laid out anil power 
plant, UaHiinoUvea and other equipment provided for 
handling 20 tonnngo traina, or <l6,fl(X) tona, a day mat- 
bound ovor Die diviaion and proviilon hoa been mode 
for additional trafflo when requirod. The number of 
them lonnogn troina handlod per day at preaent ia about 


twelve. In addition to whioh puahor and helper aorviee 
la provided for through freiidit and paaaonger traina. 

I'ower Is generated In aingla phoM at 35 nyoloa and 
11,111)0 volte; ia otepped up to 44,000 volte for dlatribu- 
tlon, ami ia dellvorad to the line at 11,000 volta, alugle 
phow, fmm auitobly looated anb-atotlona Atted with 
atatle ttanafnimm. Tim looomotivee, however, are 
unique In that they are equipped with phaeo nonver- 
tom, whioh, in oonneotfon with the main atop-down 
tranefomum on the looomotive, tranaform tho alngle- 
pbaoe power of the trolley to three-phooe power for uie 
in the thrae-phaeo induotlon type traotlon motora. Thua, 
whilo retaining all the advaalegea of high voltage aingle- 
phoee diatrlhutJon and oolleotlon, the advantagee of thrne- 
phoae Induotlon motora for tbnee heavy traotlon mountain 
grpde oondltlomi are olao aeeured. 

, Another ehaianterlatls feature of the IrutoUation la 
the font that oa the meult of the uae ot traetion motora 
of tho polyphoao induetkin tyrpe it Is feasible without 
the uio of oddllkioal or oompHooted apparatus end 
devloes to utiliae the loeomotlves for elootrieolly holding 
or braking the traina at oonatoot ipoed wMIe Henoeoding 
gradw. Tbl! utiUiea the eoeigy In the imiving train 
dnanending lbs grade to drive the moton as generator! 
and thua return oneify to the line. 

This kind of eleeUie braking or ‘'regeneration’' has been 
muoh diaouiaed and often proposed both in thli oountiy 
and abroad but with the exception of the Qlovi line in 
Italy this rmtun has not been ntUliad In any extensive 
oonuneralol eleetrie railway operation. Rven on the 
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ne daetrlcml iwltehM. 

Oiavl line tbe tnln welghta du mit eaneed 400 Imdr and 
it ii ervMcDt, thurofon, I lint thia ia the flrat inaUnov 
whvro tbo mo of Ihii form of uliwtrio bnikioK baa over 
heon attomptod for heavy freight train aervh^ aueh na 
obtaina on Ameriean milninda. On the RIkhom (Iradu 
Uio oonditkina are auoh that the full advantagoa of thia 
form of braking can he aonurod aa the tralna are very 
heavy, tho gradea anvem and apeoda am rolatively high. 
Thia fteturo of tlm Inatailatlon baa proven highly aatla- 
faolory, Uio heavleat traina bnlng handled down the 
mountain gradea with a almda ongino at a unifewm apeed 
of about 15 mlleM per hour with tho utmoat oaae, the air 
broken being hold in reaorvo for bringing the tndn to a 
alandattn when roquirod. Thin teaulU In a largo ro- 
duetion in the wear on the earn and kioamnti wa generally. 
While the above ia tbo prinotpal advantage obtained from 
raganantivo braldog, tlioro h alan aomo Having in power 
due to the rotuin energy to the lino, which la availabbr 
for augmenting the power houao In aupplying power to 
other Umina if there la a demand fur aii^ power at the 
Uma. 

Noit to tho deetrie hMomoUvoa, tho moat interwting 
feature of the eleotrifleatlon b probably tho catenary line 
oonatruction. In dealgniiig thb feature of the inaUUa- 
tion, the engineera had uppermoat in mind the two im¬ 
portant requiranonla of reliabiUty of norvioe and low 
coat of malntenanoo. An effort haa been mado to aooute 
the inMimnm degree of flexlbtlity and freedom from hard 
apota at the oontaot wire ao aa to avoid rapid dotorloim- 
tfon and frequent broakagea and fallurea. 

In working oat the dealgn on thoae linea the catenary 
ayatnn haa taken the form of aingle eatonary with an 
MudUaiy meroanger wire above the troUey, one main 
hanger being provided for every two intermediate oon- 
neethma betweon auxUlaiy and trolley on tangenta. On 
oarvM the angnlaiity of the huger* provided the necee- 
aaty lleilbillty, tho auxiliary meaaenger ud trolley wire 


buliig bulb cuntitwhid to the hangi*' at the name point. 

Orout cum liau luain taken alHo to provide anipbi clenr- 
utMHi iHitwecii Iivory livv part and adjariontgruuudiid alrucl- 
urea and au a rulu thb oloaranni b inuintaiiiod at nut Icra 
than iH inehea ao aa to avoid Die ilangiT of IiIbIm or 
foreign matoriata cauaing a aliort iiiniuil. Thn aamn 
liriiinlptii atiplue in Uio tunnela, tliu liiaiilaUira am, how- 
over, pla«xl »g to tho aide and out of the dimol iilaat 
from kmiiiiolivo atacka and Imto two 44,(NX) volt trana- 
nibalon lino inaulatora in aerieo aro uaod la all oaaoi lie- 
twoon live pointa and ground. 

Tho Uiio aupimrla am light bridgoa mado of tubular 
poloa and Uethlohum “11” auction nronalNiama, and tho 
atructurea aro guyod on tbo oiilaulo of mirvoa to ruabt 
the curve pull by mconi of two Imavy guy rods acourod 
iu conoroto anchongua. At lignal bridgee tbo aignab 
and oatunury ayaUuni aro auppurtod on atruoturol 
hiidgua which couabt of lattbod pootn carrying nhallow 
plate girdnn which form as litUo ohalruotion to the view 
of aignab aa poaallib and ate tawily painlivl and main- 
toinod. The aamo tyiw of bridge b iimvI on nurvoa 
whore it ia Impoaaiblo to iiroviilo guys at llio nubidii of 
tho curve. 

In addition to the dirout advauiagiw and aavings ro- 
aulling from Uie oleotrlo train aorvioo tho railway has 
token advantage of tho presenoo of an adequate power 
supply at nut oi»t of generation for tho operation of 
varioua auxiliary planla. ThuH a large steam pumping 
itation at Blueatono for the water supply for steam lueo- 
motivia han Usin shut down and the pumping b done at 
tho doolric power atatiiin lonatod nearby, and Uio fans 
for ventilating thn KIkliurn Tunnel will now bo driven 
by oloeltie motoru. 

The layout aud design of the ontiru installation was 
worked out in all detalb by Qiblia and Hill, onglnoun 
for the company. All eonatnwthm, excepting tho powor 
house and inapnetlon boiklings and some of the power 


IsKomotlvp metoni and gearing. 

KtalMili M|uipmrnl. was cumed out by a HiMnially nr- 
gani»<d railroad funv^ under the su|s>rvisiiiu of the 
eiiginven. 

Tlie (Hiwer Hlulioii is of lliii iisiiul lyis' using sU>am 
ImilnrH and sU-am turliliiea as tlio prime niuvers. It is 
liHialed at ItIuesUiiio on tlie Blui'stoue river alioiil 11 
niiloa west of riluellelfl mainly for Um ivoson llial this 
M alninsl the only avaibUilii sounsi of waU-r for iHiilur 
fveil and nondonsing liuriHMM in tlie disiriet uml Uin 
railway eumiiany hail alnaily roiiHlriieiisI a dam and 
nwervuir liero for the water su|>ply for iU steam luoonio- 
tives. 

Tim main structure is about bV) fisil by I.W fuit with 
a 52 foot by 33 font extension at lliu iiorllieasl iHiriier, 
and uontoins, Imsides exteiiHivii imwer and auxilbry 
plants, the usual awitoblug oiitllts, aud aeiMMiiiiuslaliuns 
fur the oiMirol.ihg sUUT, tbo oxlonslun <s>ntnining tho 
Iranaformers. 

Tho lioilur plant uumprianH bin Htirliiig ty|Ni water 
luhii boiltirs, deaignisl for a working ppsisiire of 225 
pounds gngo and isiuipissl witii 8 U|M'rhi>alerH eu|tubki 
of luperiieating the steam 161 ) dug. Kulir. at niirmal 
rating. Kaeh Isillur ia lllbid with an underfeisl sbiker. 

Tlio Initial power equipment eoiiHisIs of llinsi liurisuit- 
tal turbines of tho WealiiighiiUHe-l’araoiia iiupulac re- 
aeUnn double flow t.V|Mi rolnl at 10 ,INN) kilowatts with 
steam at 100 |m>udiIh, superhoabsl 150 deg. Folir. and 
inch vaoiium wlion running at 1,500 n<voliiliuna 
per minuU), and govemoil by an oil rolay iimehanism 
for uporating the steam valves. 

Tim main turbe-generatoi* are of Uio WiaUiighuusn 
type having a rating of 10,(NX) kilowatts at 81) per ount 
powor factor, ll,(ino volts, 26 oyoles. single phase. At 
thb rating, the gnnerohns aro ipueinod to iiimrabi for 
24 hours with a rise in tomponture not oxneeiling OO 
deg. Cunt, above the tompontoie of the cooling air. 

Exismi nigniinrated power roturnixl to the |iowur housu 
at no liuul passes to the 11,000 volt bus and througli tbo 
various transfurmera liank to tlio genmtora if tlie genoro- 
tora are niniung umler very light bnul or no loud. If no 
other luBil were provided, the rogunoratod |Miwer wuukl 
reverse the gmmretora and opento them as iiiuhini. To 
prevent thb a loading device oiuiibluig of ulisilnslea iiii- 
meisrd in tho intake canal and controllod by suitablo 
Bwitehm b provided. 

Tbu oponUon of tho awitohoa b moibi uuUimatio 
by muana of a group of relays and mogiiutio swiUihea, 
Rimont tnmrformera, ote, lo ooaseotied as to give Uto 
following result!: 

When the amount of oxoeis regeneratod puwur roaubes 
aay 3(N) K.V.A, the dosing rebyi throw iu one wabir 
rheostat on the 11,000 volt bus. Aa aoon aa tho rugun- 
ented power oxcoeda the capacity of one water rheostat 
hy 300 K.V,A. another dodng relay throws Uui awvmd 
water rheostat In on tbs 11,000 volt bus. Tho diiroreuou 
iMitwoen tbs amount of oxeero tegonentod imwer and ihu 
capacity of the wator rheostats io service b mode up by 
the generotois. 

Wlien the oxooss regeneratod powor has become re¬ 
duced to loro with one rheostat in si<rvioc all of the rbuu- 
stat load boing supplied by the generators one of tlio 
tripping rdays trips the oirouit hnsUurs whleli cuts ihu 
rhoostot off the 11,000 volt bus. With two rhoosUts 
in service, when thn excess regenerated power drope to 
2,000 K.V.A. one of the relays <i|>ena Urn broakor which 
wis olosed first ood outs one rheostat out of icrvioe. The 
other ikeottot remains in until the excose regsueraled 
poimi'dnvi (o^Mfo whan It, tooi ii cut oat of icrvioc. 
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Kai-b rbnwUt aonibU of • itoel oom cairyiiw • load 
fium Iho oimuit bteaknn, and a flxnl ingnt iron plate 
locabid at thn bottom of the Intake canal, and grounded 
to a co|i|)ur plato bedded in the earth oiiUido of the eanal. 
Thu power (liHipating eapneity ia adjusted by varying 
the dielanec lN<twi;en the none anil the iron plate. The 
I1MM1 in raiievl or lowiiwl in the water of the canal by 
niiaiin of a hand-operated winch and eablo oarried on a 
Htiiid bracket acnwi thv canal. 

The tralHc on the electrified aoetlon ia handled by 
iwi'lvo 27U-ton Ualdwin-Wmtinghouae looomotivoa, each 
conHiHting of two Id-VUm units or halves. 

It in nimwiary in lutiidllng hiavy trains on mountain 
gradm to have a part of Ihii mntivn power at the rear 
of the train in nnler to avoid esoniwive strains on tho 
dmughl riggiug of tho oars, in this case tho power la 
diviileil iMiually holweun the two ends of the train and 
the traini atu of sueh great length in this mountainoni 
country lliat there is dlffleully of signaling from oiu 
liHviniolivo to the oilier and thus tlie locunuitives are 
mibjeiil III Irialmehl which would he considered Intpos- 
Hilile in iinlinary mTvice. Kiir instance, it is not nnusual 
for llm nar lueoiiiotivii on renuiving a starUog sigaal 
Ui stand still for a itdiiuto or mure oxiirting full ttMtlvo 
cITorl III an effort to start tho train liefnre the head 
motive lias got into full arlion. Alsu in stopping a train 
the hiskd engine shuts off isjwer and llio lirakes are applied 
while the n>ar engine kci‘|is pushing the train until It 
eomes to a slaiulslill. Tills would require sumo very 
earcful Iiandling wltli the ordinary hmumutive, but the 
ehetrle Is dvsigiivtl to nuiet just tliese severe requirMnents 
of the service and tliat without involving special manipu¬ 
lation. In minting these condilliins the rugged conslruc- 
tiuii of tho thnsi-phase Induction inoUir lieing free from 
i-ommutalnrs, the liquid rheostats are of the greatest 
imiHirtaniic. The liquid rheostat not only giviw the 
siiiiMilhiMl isMsilile grailal.ions of tnu'tive effort, but tlm 
InU'iit licnt Ilf sU-ani makes it inissililc without dilAcully 
Ui dissiimto the largi> amount of heat generated in the 
rheiMtat In mivtiiig lliis severe requirement. 

Kaeh unit has two main Inicks oonni'etod by a Mallet 
typo hinge, and eooh main truck has two driving axles 
included In a rigid wheel hose with a radial two-wheel 
leading tniek. The liumping and pulling strusaes are 


tnnanitted throat^ the mala Iniok (ramea and tlnpqgfa 
twin draught rigging mountad on themnintiiielDatewdi 
end of the unit. The la of the boa typa and ia np- 
ported on tbo nub truck entirely by spring eutbkmed 
friction plates, there bring no weight on the emtsr pins, 
whiefa serve only to maintain the eah b Its proper posi- 
Ibn on the tneka. An engineer’s eompartiMat is pro- 
vkled at one and of each unit, tba two unlta bring so 
nuuided as to provide fim operation from rilber and of 
tho loeomotlvn. Kaeh looomotlve Is oqnlppod with 
eight tnotion motors of the thre»i>hase bduedon typa, 
with wound Moondatlaa for four pole and right polo 
operation. 

There are two rannlag spoedi, 14 and 38 mOea per 
hour. In starting, reriataane la inaertedb the seeondary 
cireuit of the motor by meaoa of a liquid theostat. Kbr 
the 14 miles per hour speed all motors are oonneoted b 
parallel, having the right pole motor munbbathm; and 
for the 28 mile per hour speed they are also oonneoted 
in paiallri hat with the four polo motor oontUnalion. 
The kxnmotlvos are equipped with unit iwitah type of 
oontrol and arranged fur the idmultaaoous opantbn of 
the two units from the eunbul end of dther. 

The oontrol oqubmeut Is built for handling allurnaUng 
ourrent, wUah is onOHOted from the ll.UIO voil line by 
the pantsgnph tfoUays. This eurrent Is fed to tho mab 
Innsformen throu)^ an nil typo oiicult breaker. A 
phase ounviwter is oonneoted to the low tensbn sido of 
the tranriormer and operates eonstantly when tho loou- 
mollve is b scrvlne. To its oxtonded shaft are oouplod 
a blower for eooUng the motors, transformers and other 
parts, and, through a olutoh the air eomp w aanr. 

The two trolleys mounted on the torf of each unit, 
arc of tho well known pantagraph type, but are unique 
In that they have been arranged ao that If noeessary they 
nuy he fltted irith end horni irtiioh will automatically 
fold in wlHin the pantagraph ia lowtred by thn tunnel 
trolley wire. In this way die unusually wide rilding 
surfaoe sdll aceommodato itsrif to the'reatrletod tunnel 
olearanoes. The trolley is raised and held b oontaot 
with the overhead arlre by springs and is lowered by eom- 
jiressed air. When tookod down the trolley eon only bo 
rcleoaod hy air priMsure. When air is not available in 
the nasrvoirs one trolley on each unit is arranged so 


thM it may te udoiM Mgl raisid l9 • sinha hla4jpuup« 
On radhraittlwraarafaw tbMMMu 
MUh motor. The Hubriab an bpanlod b mAli fimi 
ptovMa tha motor dnait nririaaea reqplmd b. wm* 
that Ihaopoed of Oe moton may be ibw at itartigli aad- 
Buy bo gradooUy tao w ooed ao du T orio bit oi k oof Opt 
ofobmiit. 

•Ibo priaripal dtatenriono and woight of oath oampbta 
kMooBodvo li ao Mbwo: 

Length overall.lOB foot 8 b^ 

Driving wberi W total.SSfoet 10 inebm 

lUgidwheelbaaa. llfoat Olnohb 

Truck wheel baoe. MbM 6 behaa 

Height, tell to paatagraph 

(looksd). Iftbat Obehaa 

Heicfat, rad to top of eab (mast- 

mum). 14 bet dinriiN 

Width ovettdl (masfannm). 11 bat 6)^ bato 

Diameter of driving wfaaeb. fO balM 

Diameter of pony wheeb. aOindNa 

Wright on driven.330 torn 

Total weight of loeomotiva.270 tana 


The toUowbg taUa ahowa the pcrfotmaaaa of tham 
loDomodvea under varying eonditiona at load: 



On tests and b sorvloe the laeomotives havo devolopsd 
a drawbar puli oonsiderably b exnoas of the gtiarantond 


maximum. The highest teeurd with tho dynamcaneter 
oar bring 180,0110 ponods. This tomaponds to so od- 
heahin of shout 40 per cent. 


ProUemii of Geocraphle Influcnco* 

tltutoH.wiiY (iffcrs hetii Hiut ctHttwntlon to tU acleutJiia 
ttist deal wllli man, nnthrciwlugy, ethnology, history, 
Hucliiliigy, (viiiiiMiiles, iwyehology and cumparaUre re- 
IlgliHi, mill frinn each of these geography will gather 
(Lilu for Its own iirrforilug. 

Tile lilstorlnii, for exHinple, m<e(ls from the gcogra- 
lilicr II niiin< full kmiwhslgn of environmental working, 
mill the giHigraiibcr retrlves In turn much from tho 
hlslorlsn. The old geography knew lUtle of tlic cniisitl 
mill lilalnrlciil, mill some of the old history might just ns 
well liavu Iweii staged on a Sat plalbirm preJecUsl Into 
the liitcrplmieliiry ether. 

If blsiorj Is (o strike deep risils liilo the earth, If It 
U to set forth with full illscernnient, the molding, 
missis, motives, and muvinneiits of men, the hislorinii 
will iiceil help from the gisigrnphcr; and the historimi. 
Hhe|illcal of gi'iicni 11x111 Ions that nro lisi eiisy and scurn- 
liig ovcrslatcniciil, will rcspiind with ois-ii hand to every 
mil cilTi'flng Ilf the geographer. 

When Hi'ogruphy was issirer thmi to-day, I’arkmaii 
nrole llie liiinmn star)' out of Its eiivironmeiiL James 
llryee hss nlways mid without stint piserd geography 
In the niiiiiliig with hlNlorlml movrmi'iils. Ami If the 
gi'iiersllxulloiis of Ilr)'iv, like those of Ilalxel, sre some- 
limes Uuged with vHgiii>iiciw, let ns blame, not tho hls- 
torisii of bnsid oullimk, hot Ihe geograiiher whose work 
Is yet b srreeni. Olhcr oximples sre iwt wsntlng. 
Wlnwtr, b dedicating Ms Mlsrisslppl Basin to Ur. 
lIsrkhHm, then lavsldent of the Royal (leograpblcal 
Huelely, writes of environment: 

“1 would nut say that there are mil idher cnmisilUng 
InlliiencTS bit m> other control Is so steady.'” 

Mr. Rdward John I’ayne haa written a “Htotory of 
the New World pallisl America.’’ Itelng no historian, I 
de mil know the craft’s eetlmste of that work, but I am 
nstnunded at the anlhnr’s deep anil broad knowledge of 
euvlronraent b the lands whoae story he tells. His 
surface, the climate, the poasIblUtles of eensal prodne- 
tbii and of the domestication of cerbb anbiab appear 
111 sneh wise b labtJon to early Amerleau drllbatloii, 
to the arts and baMts of the people, oa to stir the gaog- 
raidier to admiration. Whethw all of Payne’s mmIu- 
slntis stand Are or not, he glees an exsmiile of effort 
aimed at prarialoD. This la a call to every geographe r . 
The geographic atmoopliera In Prof, Tor^i etory of 
our north central west is known to us, and Prof. J. L. 
Hyres, reaching at once broadly Into tha flaMs of riamie 

• Almtrscta tnm Ihe addreiis at ProT, Alteit P, Btlihsm 
presMcnt at th« Awm-ltilos of Amtikaa Otogia^ma St tks 
tlerealk iniHl meciliix at Chlrasa 

• -lllariMlpiA BsHtii, ' jiMtU Wisaor, fuinda* mis yoaa 


lore, anthropology and geography. Is, In Us person and utter dearth of geographk dab and alao prindtdea. 
work, llTbg testimony to the Importance of our antbro- We are aab then b eaybg that meat aothorttlaa b 
IKigeograpblc task, and to the hopefiibicss that lies b these BCbmaw of man rccasnlsa enrlnniment os tnnda- 
our attempting It iiientnl, hut tho greater part, b a sort of abaobUon of 

Some historical writers are Influenced little. If-at all, ceiisciPiice, namo the subject and bke leave of it 
hy the study of the earth nud lower lib as elementa of We need not, tbatefore, expeot the hlatorbiw or the 
human envlranment Even volnmea profraalng to deal wsdolugbts to develuji b any fall way the principles of 
with the geographic fuiiiHtatlon of blatory somHImes cuvironmenbl action. They admit the need of tb*M 
fall of their goal, ami one prebcc afflrau that—"tho lulnclplea, but have not the time, pcfbaps not the will, 
general physiography vf North America b familiar to develop tbem. It remaba ftir ni to put content Into 
cisnigh to readera" the word enrlronnient, ao that tt cannot ha overlnokad 

Thla, I am sure, la quite too rosy a view of the or sllghlod, and ao that tb nieanliig nay beflMiie avall- 
msigrepble situation. But I elto the IlmlbUnns of able b plain terma to sU. 

mime histories III no nioisl of crltlclsai. Imt every mail lu his "Ibcial Oengnphy of Boroiis” Ripley tsserb 
Imlld the wall over against hla owu house. Wlwt nf lhat; ’’To-day geography sbnds ready to aervo as sn 
nmured bet nr |>r«vcn principle wc put brfore the his- Inlraductlon as well os a corroctlTa to the scbntlllo 
inrisn he has neither tho will nor the power to escape, study of human soriety-” 

Our light Is In no danger of Iwlng pot under s bushel. This sms written shout twenty yean ago, and yat U 
But we have good need to see that U b lighted. Is to-day not lo valid or truthful a sbtemeut aa we 

If wo turn to scdology wo meet the Insbtcncc <mi the could deelre It to be. Our coovbtloai are b the right 
Iroparbncn of environiocnt. M ns tnke (Ilddlngs’s place and much has been done, but we otUI eoffor from 
ilelliilllon, that ’moctology b an attempt to account for n denrth of limited, local, npecbl and proveu dab, and 
I lie origin, growth, sfructnre. and acllrtlles of ooebty n snrplua of gnteraUiatlons announced with the en- 
by the operation of physical, vital and psychical canses, thunboip of fmh dbcovery, or redbeoveiy, niwnp- 
worUng together In tho processes of ovrintton." ported by ndeqaab evldenea We on sabjeot lo UareU's 

Or wc may rite the utterance of Bmall, that “tbb critlcbm iff ewbb generaUratlons of Bnbsl and IM 
f<irco b InccfMnt, that It b powerful, that It b t be- Ploy—"too pretty to be true.’" We an awaking to tha 
tor which may ueror be Ignored.’” Tet Dr. Small In an Imporbnce of our fleld, and thb b wall, hot U to 
extended chapter on envirenment mentions geography Miually important to moke haoto obwly and to give 
but once, and then not as a odenee which mbbt con- buiuan geography a oontont aattofying to owidvaa gad 
tribute to aoctoloty. Prof. Ridgeway* tbblw that fall- coavbeliig to oor fellow werinrs b ndleliilBg Adda, 
ura fully to rseognlae man aa controlled by the tows of The pvouit of our themj to as dtOeult aa it Is ib- 
lh« aidmal klngdnm leads to matodmlnlstralbo of alien porbnt . Prat llknah b a Meant barif wTs v ^ts on 
racM and bUmden b aoctol legbtotloii. Ila says. fUr- be oamal Man sd ornmnoo b oor atoden thmahf sbiwt 
tbor, "Aa physical eharaeterbtles an In the owb btotocy. Hb word to cquaHy good fee us. Rn «q«i 
tbs noall of envtreoment, aoctol InstMuttons and re- *b man's hlatoiqr noddag to mogu dWmit than to 
liglont Idsaa anno leas the prednet of mvlramaeiit,’* ot^^b b ooaMthbg Ufes a Jwt omoillbn of a tsib 
end again, any atteaspt to endleato polltloal and tomil cawk” 

limtltuttana of OB oquatwial race ’•will be hat vab. fee UhlvanaWy and ascaarity dm the eritaob w«i|l> he 
these baUtaUana are as much port of the land as an Propom, A atiS a^pBooUsit ef. thsoa prittobiw waUd 
its climate, Ita aoU. tb fanna, aad Ha flora.” Ripley. >« a Male fpr aogw |a tl g al l hkM ithtotlil»' 
in rertawbg the asoond vobM of RatasTa anthrapo- 
gHigraidiy. crItlebM the aathor fer negbetiia aerihaa- 
tlnn, enoaMerlnc Ite importanoe b sodal theory, and in 
view of the bet that thaortoa of raca «apenl« tun 
apon onr Jadgment b tU» Butter. Fwhapa the ntl 
rtate nf the case to aeon b tha atmiiraab aot ago 
of 0 serinua and carabl vaim on ba doralsMBaat '^ 
weatorn rivUtaaUaB, wUeh n a ethnn i gObOa toa 
•’’OxsmlBscMcay.^A.ir. flwiB,'m " ' 

AMttoitlMi ttl Cam 


^ ai tha prtnalitol obiUhmt tta ygiuiiii , 
■apnallton b jikto of .ba Pmylfibb 
btepnottvb ife a RMbit 4^^ 
■aitbbbbitoJm0bbiiiiiMn.tW^todifl«-ttM 
^ brvlMt.. It 'aqnriHd' af iMSM''’'. 
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The Time System of the United States 

Why It Exists and Some of Its Vagaries and Defects 


On* JwcMiit iMtlwd Q( cakolittnc and Indlcatliig 
Um U > Ifiaqr firan Um andont Bomasa narlng be- 
eam aeeiMfDBMd to It tbiwiib long yaara o( nie wo 
Idl to MtlM Ita riuttoDnliiaa laGcnriatMiciaa, aiid 
abaudlUaa It la «inl|r whcti oar atteottoo la partica- 
lailjr (Ufactad to aonte fUrlog loooaabteiKir or oonio 
ooManWa bardriilp tbot wa wako ap to tbo attoatfoo 
aad taka neoanna to nllm onnetvoa of none burden 
tbat it Inpoota upon na. 

Hocii a eoadlUoa forced Itoelf npon the attcuttoa of 
tbc poMle In IMS. PreTloaa to that year each diy 
and town reckoned Ita Uom ftom tta merldlaiL Thla la 
to any, from the araridlan pawing tbrnngh that pa^ 
Uenlar plaoa. It wna Inpractleablo for nllwaya to 
ananifo their Una tablea to oonform atrlctly with thla 
coqditkn. Soae aUeaepta made to do m created coo- 
aMarahle eonfimlon. It neceadtatnl the englaeer and 
oCbar train handa netting tbclr amtchea at nearly nveiy 
iBilwttaiit atatton, nila prored a very cnatly practice 
to the raUroad oaopanim and wna the direct canne of 
loaw dlaadai|t There were Upward of Bfty different 
klnda od railway ttnie In the United Btaton. and It wan 
a oaoBl thing tor jewelry etoree to provide their rcgu- 
latora adtb two minute heiide, one for local time end 
one for railway time. Thie caiwed ao much Inoonvnnl- 
eoce to the pahtle and became each a aooieo of toNiMe 
to railway managcn that, In order to relieve the altoa- 
tton. an agnsement waa entered Into to adopt fonr 
merldUna fran which time for the United ftutee eboald 
be taken. 

The merhUam adapted for thla irarpcee vrorc the TAtti, 
fran which Haeiern time to taken. The 00th, for Omi- 
tral time, the IdSth for monnlaln time, and the lOIMh 
for FadOe time. Three merldlane are 10 dcgrece npnrt, 
making a dHfomnce hi time of exactly one hour between 
each. hU the rtllwnyn thronghewt the United Staten 
now amii^ their time talilea approximately In eon- 
funnily with theae meridians. 

On November lOtb, 1883, thto now ayntem went into 
effhet and then wan a ameral r»eetring of doeke and 
wnteben all over the country. Hvery dty and town 
now naea for Ita local Ume one of theae mcridlsna, the 
one need bdng Montlcal vrlth that need by the nillwiya 
pnnahig through, or (ennlnatlng st Hut ^ce. 

To fully comprdiend the one of theae nierldlann It 
muat he borno Id mind that loogltodc to nnIrerHally 
reckoned tram Greenwich. Bvery eea captain all over 
the world, regardleaa of from what port be aalbi or to 
what lawt be la bound, wta hU chroaometer by Green- 
wleh time. It must atoo be borne In mind that the 
time oc cupi ed by the cartb In making a rcvolntlon to 
9i. houri. Dividing 800 dcgrece by 24 hoota givn in 
degreea; conaeqacntly 1(1 degreca boa a time value of 
one hour. Thla to to nay, the apperent mutton of tho 
ami from eoat to weat la at the rate of 16 degrees par 

The meridians, It will bo understood, ran north and 
south. The OOUi, from which Atlantic time Is taken, 
panea through the eeatern parta of the province of 
Qnetica and New Rrunawtek, Oanada. Thto meridian 
to naed on aothe of the Genedlan rallwaya, but to not 
naed In the United Steten. The TSth meridian, fram 
whkh Baaten ttam la redMued, posaea throngh Herki¬ 
mer, New Tork, Weetern New Jereey and Iteatern Psnii- 
■ylvaaU. about midway between Trenton end Fhllcdel- 
phta. The OOth morldtan, from whlcb Oentral time to 
raeliiMd, pawen through the extreqte eaetern edge of 
Itlaninota, the vraton part of Hklilgaii, the center of 
WtaeoMtaii thNugh Dlfawto, IT mllee'nmBt of Ite cap! 
tni—(^rhmlMd'-aiHl 13 mUee east of Ht toula, through 
The extr eme eoatein parte of MtaeouH and Arkansas, 
lha Wiwtera port of temwatea, » miles cent of Mem- 
pblA thraugb M mi mlppf , 3 miles west of Jachaon, and 
tkurfgi) the egsbird Me of Lodtehiiia, B mDce cant of 
Mfw prieUna Tha lOSGi meridian, fms which moun¬ 
ted tima to tufteHea, pawaa Anmidi eiatern Kontana, 
40 mnealmtet of llflea OKy; through eastern Wyoming, 

, IB. mita west of Ohajtmnn; tturough Denver, nnd 10 
« Ndtaa went of Ooiotado Bpetat through New Hegloo, 
n jgMe enst et Ika through the ex- 

.teiMW-teeil of' «agns,'«,n^. (mat qt m Due. The 
^ iheMMm «tam whtek nuMo t^ reckoned. 

, tWnhBh m Whf of WhihlagtoB and 

tlte'4j««4iht.liaa.hi^^ Nevada umI 


By Charles T. Higginbotham 

It reQuIrea three merldlane to auiiidy the remaining 40 
per cent. There ace, however, cunfiwlng IrregnlarltioB 
caused by tho locaUaos aoleclcd by the railway com¬ 
panies for changing their time schedules. Thto to nn- 
avoidable. RoUwaya cannot ho expected to ebange Ume 
exactly midway between meridians. They mmally select 
the termination of dlvtotous tor that pnnawe. As a 
nmlt the Boatern and Western bonudarlea of the anw 
uaing Oentral time fona ilgxag lines. This condition 
to prodootlve of strange sltnatlons. Traveling from 
(treensborg, Kansas to Doveriy, Nchroaka- a distance 
(ff about 300 miles dm ntalh—It beromea necessary for 
the travder, It he wonld have hto watch agree with the 
time uaed In the different towna through which he 
paaaca, to set It tour thnea during his Joarney. This 
to owing to hto croadng ths sigmg boundary lines as 
laid out by the railroads. 

Whenever a change of time to made by a railway 
there muat of necessity be two kinds of lime at that 
pla(V. At Plttabnrgh they are Baatern hiuI Ucntral. 
Trains going east use the tonuer, and thtsie going 
west the latter. Buffalo has the some condition In an 
exaggerated form, for the rcnwai that all trains going 
east nao oaotern time, while trains gnlug west use bntli 
eastern and central. The Grand Trank, the Michigan 
Central and the Waboab imo Mostern time, while all 
roads aouth of liSka Hrle nao Central. Trains arrive 
and depart fram B1 Ihuas Texas, on foor dlffcrpiit kluda 
of rallwsy tlmo: Oentral, Mountain, Padfle anil Moxl- 
ean. It to Impneslblo to esUmate the loss to tho travel¬ 
ing pnhllc from mistakes causnl by this confusing atatc 
of affairs, hnt In stating tbat the mimotary lent to llw 
imhlki ftom Ume spent In efforts to dn-ipber and unravel 
tlm compllcatlona In onr railway tlmo tablea. brought 
alsHit by our prasnot cnnfusloa system to $tM0,0«0, 
would not icem to be very far from being eorred. 
That this to not an exaggerated eaUmate nuy be aocn 
wben we conalder tbat American railways carry two 
and a halt mlllloa passengers dally. If the average 
loai of Ume in dcclfdierUiK and studying time tahlra 
Is ono half cent per paseengrr the yearly aggregato 
wimid amount to 34,8ff!,60(), In addlUim to this imr 
comiillcatcd system Involves Increased labor and ex- 
penM to the railway companies In making out tbclr 
Ume tables. Iloro then we have |6,n)n,no0 a ymr sbso- 
latdy wadcHl. Bniwgb to lailld a bnttlndilii, and this 
does not take Into account the nmouiit loot by mlatiikea 
arising from tbc same canae. 

Another fruitful source of cnutnalon and mistakes to 
tbc method of dividing the day and night Into two 
perbsis of 12 iMSini, numbered, 1 to 12. nec w siltjitlng 
tho dan of those awkward and Inciaivenlcnt alUxm 
A. If. and P. M: 

Tho BgyiitlaiiM were the Unit to divlih- the day ami 
night Into 34 eqnal parts. They niimbemi the tomrs 
1 to 34. The nouuma began Iheir day at sunrise, iiiim- 
lK>Tlng tho hours to annset 1 to 12. and numls-rlng them 
from sunset to auurlae also 1 to 12. Onr A. H. and 
P. M. Is a i«rt of the burdcnstanc Icgai-y liihcrltnl from 
them. Tho Inaira cousUtutlug tbclr day and night were 
of un(s]iwl and oonatantly varying li-ngths. In cmirae 
of Ume they made a change to our present system, and 
bad they adopted the IkOPtlan method they would have 
coDferred an loertlmable bnoeilt n|ion maukind. 

The remedy for the ovila w« have descrllied Ilea: 
First In numlierlng the boars ns the Kgyptlans illd. 
Beginning, us we now do at mMiiIgbt we would number 
the boun up to boon 1 to 12: thn hair we iiow desig¬ 
nate os 1 P. M. would be l-t and so on to 24. fts-isid, 
wa should adopt one meridian for the entire Uidli-d 
Hteten, whieh eouM bo done wllhont any serlons ills- 
turlwooe of affalra. Tho ebange which was made lii 
1888 was hardly noth-od and proved a gnwt Isns-At 
vrithout working hardship on anyone. The advantage 
secured hy that cliangp wm iaalgnlflcaot as comiwml 
to the advantago to be aecnred by tho use of one 
merUten and the 84-hoar lyatauL 

Canada boa already ad<ifited the 34-bnar system on 
all her rallraada vrwt of Port Arthur, and China has 
adopted one meridian for the entire empire, which 
mabnees 00 da graw, the same amount na tho liiilied 
Htatea. Hholl wa allow ourseirea to be left bohind by 
otbar notteimT 

Let ga auppoaa that the Doth degme'-centml meridlnn 
—Abould ha adrvted ob the ana from which United 
Btatoi timy aheoM be renkonad; what than would bo 
lha «Aet on haa ln nwt Tha bow (ff 8 A. M. la nonr 
prattf Mftaltr aBoptad te Hm (iemmawMBMBt of haM- 
If we duaU taka ow ttaw itm tha ewttal 


meridian It would Is- D In New kork, 8 In Chicago, 7 
In Denver and 6 In Han Francisco; hut what matU-ra It 
where the handa of llie clock imliit so long ns ItushieiBi 
conunenoea the same nuinunt of time after sunrlseT 
Clocks and watHics should be our w-rviiiits, nut we 
thcln. 

On April 18th tbi- sun rlst-s at Plilladcipbla at 8 
o'clock os we DOW rei-kisi llujc. Thto Is to say. the 
Phlladelphlaim conuneiu-o husluem .1 hcsirs after sun¬ 
rise. The only dlffercm-c that the chniige would pro¬ 
duce to that the hands of their cUs-k wtmlil isiliit nt 9 
Instead ot & 

We would soon become sccnsteoied to the proposed 
change and tho greet beueflt and saving resnltlng there¬ 
from wonld lupay ns many limes over for iny slight 
Inconvenience that might nt flrnt be felL With thto 
system In force there would be no setting and resetting 
of traveler’s or rnllroad employee's wstchex. One might 
travel from coast to coast without dlsturtilug hto wati-b. 
11 m‘ rradlng of railway time tables wtsild he so sIm- 
pllflnl tbat there wmild bo no excuse for roaklug mls- 
InkcH. The absurdities that now exlnt In the matter of 
lime wnuhl lie etlmlnateil. 

Ry our prcsenl nysteui of rrckiHiIng lime It winild 
have been luMsIblc for an event hi Imvc occurmi In 
New York «« Jaiinary 1st, 1911, at I A. Mm and for 
that event Ui have been known In Han Francisco nt 
1U P. H.. Dccemlier .list. 1910. It Is now possible lo 
Icuvp Kl I'aso for tin- West one hour and fifty mliintes 
hi-fon- you arrive fnini the KasI - acconling lo railway 
lime Inlilm, The writer rereiilly saw tho npiarent 
aiiotnniy of two trains ntaiiilliig side by side In Um- sta¬ 
tion at Hiiffalo, Mb hcudnl for tin- West, yet the engi¬ 
neers’ and eolidnctorH* watchi-s on one Irnin were Just 
om> hour ahead of tiu- other. ’Ihls sort of Im-ongrully 
wisild lie liniNMsIhle with the pniiraMisI new system. 

Half a eeiitiiry ago there was not a waleh In exlsl- 
i-ms* enpahle of mcoUhg the requireiiients of Araerlenn 
nillway time serviec tnolay. Railway lime liispmHInn 
bus net the limit of varintlisi from tnie lluie, for tts 
eni|iloym«’ wnlclies, at .HI secoiiils a week. Tlito meaiiM 
llinl the halniN-e whm-l shsll nut vary In its motion to 
the extent of one vibration out of every ;ai,IW0, Taking 
liilo f-oosldcratlnii Ito- various (-siises <if (Itotnriiam-i- In 
whieh a raUway eiigliieer’s wsteh Is siihjei-teil, the Jolts 
Slid Jars, the changes of teijiin-ratun- and the ronguetlc 
Infliieni-e Im-ldentsl lo the pnixliully of Inrge miisM-s 
of Iron and steel. Ibis pcrforninnce Is truly rcmurluihle. 
Tbat It to isiwible to secure such un-nriicy In such a liny 
pbw of meebantom nulijerted to ttosu* ndrerne Infiu- 
riii-en Is Iltlln ihort of marvelous, slid Justifies the 
cinlin thst th<- watch of tisdsy Is the most wonderful 
pleiT of mechanism that the liigcuiilty of man has ever 
|inslni-cd. 

The nviulrcmeiit for aisurai-y In rnllwny wslebps In 
IMrtlciilar, and for others ns well, Is lussHnliig more 
exnctliig every day. BordoglnlH an- nt (heir wIIm’ end 
to meet tln-m. TtM- time Is surely nniiing when n piiicly 
nie<-bnnlcnl device will no lisiger siitlh-e lo pi-islm-e 
Hiilllrleiit aeeiiraey. What tbenT Home otln-r fon-e 
of nature must he enltoled. Whnt will It licT What 
else but that mysterious fonv, eln-trii-Uy f Hiat won¬ 
derful power whieb Is lielng harnessed to lighten man's 
bunleiiH and minbiler to his wonts and pleasumi. Yes: 
Wireless Kle<-trlrity Is drstlnnl to solve the problem. 

The time Is now sent end from the ntss-rvatory nt 
Wssliliutlon fnnn an astniinimleiil eWn-k, sei protected 
against all dlNtiirhliig Influences lhat It runs with In¬ 
finitesimal variation, slid Is corrected hy nightly slellnr 
nlsu-rvatliMis. t'cidrally Im-slcel chs-ks issd rolled frem 
Ihls master chs-k at Wnshlngtoii will Is- used to se-nd 
■sit serial elis-lrlc waves. These clis-ks will i-isdrol 
a radius of, |H•^hBIs^ one huinlml nillive. The- watch 
ami the clis-k of the fiiliiro, like tln-lr prewirMors, the 
KiiiMlIal nisi Ihe Hciwydrn. will he rclegatc<l lo the 
shelves of our uiiiseunis, the-lr |iIh<x-s tnkeii by eln-trs- 
melvers eontrlvwl to Indlrnte lime nselvisl from these 
teidral eloeks. 1'lie railway eiigliin-r will no longer 
depeml upon a mts-ltanlenl rmilrlvaiMe which Is alwsys 
Itohle to error In Ha tiHlIentbsiM of lime. lie will press 
a hultiMi niKl lead Ibi- time lo Hu- sisssid. In exart emi- 
formity with the aivurate astrnmsulcsl cin-k at Wnsle 
Ingtoii. Tlic little liistrunicnt which In* csrrlca will he 
nn larger than a wnteh. 

It nuiy he asked; Will not the new Inatnnncnt he 
liable to get oat of order, and give Ineurreet UmeT No! 
The new Instrument will uever He. It may get mil of 
order, but vrlU never lead to a mtotake. It wUl either 
> iBdteata carmt tton or no Ume at alL 
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Illumination of the Panama-Pacific Exposition 

Wonderful Effects Produced by Modem Apparatus and the Engineer’s Art 

By W. D’A. Ryan, Chief of Illumination 





I'aUieva of Tranaportatloii and Mlnei 

Tiia llluniiiiulloii iif Um I'ainuna-eaclllc Intornatioiial 
Kxpiwilion iH a in the art tif itliiniinatloii 

Diadn iMjHHililc' by th(< wiciKi' <if liithliiiB wlib'li gri'w u|i 
unrti'f IhK nanif of illiimlnaliiiK onKino'riue und had lU 
inoopllon al Iho ThomiKin-liuuHbin idanl of tlio Onm'rel 
EUfotrlo (’ompany at Lynn, Maw., noarly 211 yoar* agf- 

Wldlo in oharpi of the n»port ciiura)*, tlio writer oanu 
olowly in (Vintiu-t with I he devolupinoiit. of llic Thomwic 
*93 am (anipH wtdoli in sarioua uroauuniUl fom» wen 
dndicmNl for altematinR and din^t mim'iit wthw and 
multipli' l•in■llilM. The indonnl arc« wion made their 
appearanee and th<«c iampe added hi the oxiitinR liRhb 
Ing wjumw HiiKi(<>i<ted (ho noM<imily of a earoful wd<<ntiO(i 
etudy in tlni eeiiK-lion, lo<'atlun, niftmtloring and Rioliini 
of the varioua iiidia to obtain muiniuni r«>eulta al mini, 
mum coat fur induntrial ueo, atom and etnwl liiriiling, 
and other purpranw. 

That iilundnating enRiiu'criiiK wun pi form eiieii an 
importani Hiieelullieil liraneli of elia'lrieal eiigiiHvring 
wan not at flml reeogninHl, but nfU<r l■olUllderallle pmgn'Kii 
had lieen inntle in lliw (lartieular (ield the title of lllum- 
inatiiiR KiiKin<'''r l>«eame Kimeroliy aekiHiwl(>dgiHl. From 
that time on the development tiOH btn-ii very rapid. New 
pholometeni, luxinieteni, and iumiiiunieteni were liiiilt 
for iaiMiraPiiy and flclii work. Lnndeiironnweopiti were 
diwlRiiid Jiir KliiiiyinK eiTeele of different ligliU on var- 
luue eolonil iimleriale, dilTiiM'ni iiiuie their appearanee, 
eeientitte elawwaie aiul n'lleetum HWept over the land, 
exteneive laboratory and held U-ete were made and tho 
development Invanie ..ml. 

In liRhtinR pniimeitiuiiN involvinR Hpreial elTenla or 
trraliiieiil, it lin* lieeonie tlie iirarllee to employ an 
illumlnatinR enRtneer in mlditlun tu liie eleetrioal eng- 
ineiT. It was tlierefon' natural tluil wlien the I’anama- 
Parifle International Kxpoidtiun deeidnl that iln illum¬ 
ination ahould iMMmiM fiatiinvi of novelty tu uomwpoud 
wllli ila Reneml pidiey it n-euRidised the noneanity of 
tulolilialiinR a departmcnl of illuminaliiiR engineering 
In addition to Uie rletdrieul ami niii'hauieal department, 
which vamc under the dircetloii of Mr. Cl. L. Bayley. 

Mr. Hayley’e application to the (leneral Elentrio ('uni- 
pauy reaulted in the writer'a aiipearing before Mr. H. D. 
II. ('iinidek, dinetor of worke, and the arohltoctural 
eumniiuduii in AiiruhI, 1IM2, p> eunaider the preparation 
of lighting plane along urigiiial llnee. Three monthi 
later a eeheme and neo|>c woe pnwmted Ui tho orohi- 
tivtucal euinmiwiiun and the writer wae offleially ap- 
poinPvI “t'ldif of Illumination" in eharge of the llluni- 
InatiiiR and eiMvIaeular effeeta. alwi the dealgn of light¬ 
ing alanilanlM ami flxturea and the aeleetion of the iriaM 
fur the biiildinga and varioua lighting unite. 

Al a reeiill, tor tlie flret lime in hietury the lighting 
of an Iptematiunal KxiHHdtion waa eumplchdy deeigned 
and charted befun- the buiUinga were erceted. 

A detailed deaeripltnn of the lighting in a limited ipaoe 
ie, of eoumu, impoeaihle, and it in the purpom of thla 
nrtb-Ie to eoiivey a gimeml Idea of the cffeeta mtliiw than 
the meaiia employ eil to produce tlieni. 



The llluminalion of tho Kxpoidlion iimrln an epoch 
ill the aniemw of lighting and tho art of illuminalioD. 
lake iiuuiy other fealunw of tlin KxiKmilkin, the illum- 
liialion ie highly ivlunilluiiul in obaraeUif and oinpluuiuee 
more tlian anything that hon gone before the nanilt of 
eoiinentmUid etudy in the iMwt uww and applioalion of 
ortiUeial light. 

IhoviouM expuHition huiUinga have, in tho main, been 
uw'd aa hsekground on which to diiplay lamp*. Tho 
art of outlining, notably the effeeta obUlnnd at the Pan- 
Amviiean Expuaitiun at Duffolo, could ptulialily not be 
■iirpaaaed. Thin imitluid of illumination ban, however, 
been extended to amuiemunt iwrlra throughout tho world 
and la now nummonplaoo. Ita iwrtiuular diaadvanlage ia 
that it aupproMea tho amlHtenture which boconiea 
aecoudary and it hi praetically impowible to obtain a 
variety of effonta, mi that the Expoaillon fmin every point 
Ilf view pneenla mum or him ulmllarity. Kurtbermoev, 
the glare from ao many expoaod aoumen, particularly 
when aaaemhied on light eolored buildlnga, oauaoa eye 
alraln. Prior to the opening night of the ExpoaiUon, 
them wore many who maintained tl^at the publio would 
not bo attracted exoopt by tho glare of expoaod aoumoa 
and great hriUianoy, which woa analngiiua to laying that 
the mornea could bo attraoted only by ouo form of light¬ 
ing. The reiulti obUined, however, okariy diapioved 
thia theory. 

The lighting effooU are mdiosl, daring and in every 
aenao new, the fundamental featuree of which oonilat 
primarily nf maaked bghling diffuied upon aoftly Ulum- 
inatod fmmdm emptuudaed by aurongly illuminated toweni 
and mlnareta in beautiful oolor tonoa. 

Tho ilireot aouree la completely aoieenad in the main 
vtataa and the ‘'behind the iwaM'’ effeeta an mlidmlaed 
to a few kieatiana and are nowhere offenaiye. 

Furnialiliig wonderful eontraat to the aeft fllumliiatlon 
of tho palaoea, with their Ugh Ughta and ahadowa, m 
have the Zone, or amuaenient metioii wllli all the iffan 
of Ihn biaaire, giving tho viaitor an (qipoitutaity to eon- 
tnat thu light of the pnaent with the iBamtaatiott of 
fututa. Aawapaai from tbaZoM with itiliiaaaotlll^ 


aoftly illaMlaalcd by reflectad light. 

we enter a pleaaiiig Hold of nntioemeiil or eandvnl mdrit. 
We am flmt ImpreMed with tho beautiful nokm at the 
heralHIn ahietdi on which in written the early Uatory of 
Uio PaoiOe Ocean and California. Behind theae baanm 
am himlnoon are lampa in oluatm of two, three, five, 
■even and nine, ranging In height from 9S to Itfi feet. 
We look from the aaml-diadow npon beautiful viataa, and 
the Querin oolon whioh faeoinate In tha daytime an 
even more entrancing by night. The lawni and ihrub- 
hery xoiroundlng the huildinga and the treoa with their 
wonderful ahadowa appear In magnlfleent rdUef ngalnat 
the inft baekgronDd of the palaoea and the '"niwer of 
Jewell” with iU 102,000 ”Nova<en»,” or ao-oalled ex> 
paelthm Jowde, atanding myatorfoualy againit the ilany 
blue-Uaok oanopy of tha night, anrpaaalng the dteama 
of Aladdin. 

Aa we enter flie "Court of Abundanee” from the coot, 
with ita maahnd shell atandardi strongly illuminating tim 
Dornlee linea and gradoaHy fading to twilight b the fora- 
ground, we an Impntaod with tho foeHng of myitety 
anakgoua to' the prime eonneption of the aidilteot’i 
wonderful oroatbn. Soft radUnt energy Is evorywhen; 
lights and ihadowi abound, flro tqdta from the mouths 
Ilf aerpenta into the flaming gaa eauldrom and sends Ha 
lUokering nya over the oompoalte 8panMh4]otliie> 
Oriental grudenr. Myetertons vapors rbe from atea^ 
olnnlrifl cauMrons and also from the heauUfnI oentral 
fountain group aymboUxlng the Earth In formatioiL The 
ololaler lanlerni ud the anow-ayatal atondards giva a 
warm amber glow to the whole oouri and tho organ tower 
is earried b the aome tone by eobrod eearehll^t rayi. 

PnasiDg through the “Vonetion Court,” we enter tbs 
"Court of the Unlv«m^" where the Illumination leaahm 
a climax b dignity, thoreuglily b keeping with tin gTaad> 
eur of the oouit, when an ana of nearly half a milliow 
aquaro feet ia flhimbated by two fonntabs, rUnff W 
foot above the level of the •nnkon ptdena, one aymboUa- 
I log tho rUng oan aitd the other the settle ww. 

Tbs ehaft and boll citrmauatii« eaeh fountob k 
gtaaod b heavy opal ^oae whkh la coated on the owblda 
b imitation of travertine atone no that by day they do 
mi* in any senos aaggest the idea o< being light Kwnea. 

Maada baapf bitallad In these two odmiBaglva a aen- 
i bitted initial mean apberleol eapdlmpoiww of approxbt- 
at^ SOOJXn and yk the btriiwie hrillianoy b ao bw 
that the fountaba an frea from diaagracabb (don a|4 
tbegreataobnnadasanbathsdbaiofttadlaiMM. Vet 
■ relief lighting three Maada lanpa on pbeed b speeUfiy 
I deeigned eup reflaoton boated b the eentral Ante to 
the ifor of eoeh oobnin. nds britin out the PawqMtaB 
1 red waUa and tha eenikan Una oaDtagi with UwirffoUaB 
I sianaodatUiBaaiiMtiiiiathaaowtwanaotiharaigUy 
eoneeolad that their baatbn eanut be detaetad fron agy 
I pobt b tha oeurb 

• ’nMi»eriiBstarertha"fllmkM(^bHatt”bma)M^ 
) balotitimda atudaida «r lulgw derig^ aonri«i« 4)1 
- Adantea aapporttaff uw iq wUeh. m phMd Mbda 
B bmpa of MiaUvriy tow ,«*ndlby w. Tha 
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Thn groAl uahi« vp oarriod hy noncualod lamp*, rod 
on ono (Ido and paki yollow on llin otlior, thoioby pru- 
■orvliiR Iho ourvaturo and the rolkit of tho aurfaoo'deoora- 
Uonn. Tho hatuiitrade of ihio murt, 70 alMivo thu 
•unIcon sanlon, Ik lurroounted hy 00 M<raphi« ftgurm 
with jflwolwt Itoadn. Tlion am nrosK Ufchtod by 181) 
Maada toarnhUKhta, the demamatJon of tho boama hoinir 
blondod out hy the Upfat from the fountain* of the rudnir 
and the aotlinit aun. 

paailnK thruuffh tho Vonollan Court to the woat, 
ve enter tho "Court ri the Four Snaaona," clnaHioally 
grand. Wo arc now in a field of Illumination in perfent 
harmony with the miirounilingi, HugRvatlnK ptwoo and 
quiet. The high nurrent luminoua area mounted in 
pain on 2Moot Hlandaida maakud by Oruok kannen am 
wonderfully pleaaing in thia setting. Tlui white light 
on tho flolumna eauaea them to stand out in anml- 
rflboaotte agalnat the wannly illuminated iiiehea with 
their eaaiaMieK of falUng water, and tho plauid oenlral 
pool rufleints in marveloua beauty enonos of onohantment. 

Having mviewed in order iliuminations inyatori(niK, 
grand and poaooful, wo emwge from the West Court 
upon lightiv olaaaioal and aublime, the magnlfleent 
Falaee of Fine Arta bathed In triple moonlifdit and easting 
relleetloea In tho lagoon Impossible to doaorihe. Thn 
effect la ptoduood hy aeanhlighta on the ruofa of the 
Faheoi of Food Pluduela and Kdiioatkin aupplemonlod 
by eonevaled lighting in the roar eomlee aofflui of thu 
eolonnade. 

You have only passed throii^ the eonttal, cast and 
west anls of the Hspoaltlon. Then are many more 
marvels to be soon. It yon wish to study the art of 
ilhunlnatlon you eould visit tho Bxpoaition ovory ovening 
throughout the year and stiil find ‘detail studies of lif 
tcNst. For Instanee, did you ever see«iilleialilhunln»- 
tleu In eompetition with dayUgfatf On certain occaalun* 
- the piojeotm flood-light the towers before thu sun goes 
dowm If yon are fortunate enough to be p re sent, take 
up a positim In ths northwest section of the “Court of 
the Unlvcne” and watoh the marvelous effect of the 
"Toirar of Jewela" as the daylight vanishes and the 
arttteial fflnmination rises above the deepening shadows 
ef ths nl^t. Tbs prlamatie eolon of the Jewsla intensify 
and the lower Itaolf beeomoe a vfadon of beauty never to 
betoegottan. 

Hw South Gerden may properly be oaliod thu 
(ahty4aiid of the Bapositlofl at nk^t. Whan tha lighte 
ara firsi turned on, tha ilye giwt towws an bathed in 
ruby tonta and tbay appaar with tha faUMcenoa of red 
hotmelaL This gtadnally fhdn to doUantc raae aa the 
flnod4lidtt tnm tha are piojeoton eenverte the eirterior 
«f tha tomn'taloaortltaliaa marble. The eomUabtion 
Ob,tha an light (trUta) and the eonesaled 

ihidpFt of a woadwfal 


dividual piajoctor which converts it into a verilablu 
sheet Ilf flame. 

Aa a primary line of color the heraldic abiulda auil 
cartouche lamp ataniiamla pnidueu a wunderful effi>el 
against the travertine walls balhud In soft rwliani’c 
from the luminous ares which also bring mit the uulor of 
the flowers and lawns and create pleasing shadows in thu 
palms and other tropical foliage. This is supporUd 
by a secondary iiffoet In tho decorative Maxda slaiidanls 
along the “Avuiiuo of Palms” and throiuchuul the ganlun. 
A Anlshlng touch Is added by the cffwit of lifu within 
enated by tho wnriii oraiuce light enunatiiig from nil thu 
Exposition windows Kuppiirlcd hy red light in thu tonen, 
minarets and pylon lantorns. 

To the west wo have the enonnous ghiss dome of tho 
Palace of Horticulture convertod into an aslrononucal 
sphere srilli its revolving spots, rings and ramicls a|i- 
puaring and disaiipnariiig above and liclow tlic liori/sm 
and changing auhirs os they swing Ihnnigli tlicir orhils. 
Tim action Is not mechanical, but Hstniiioniical. 

To the osst, wo have the "Festival Hall” llisid-llghli'd 
by luminous arcs and accantiiah<il by orangi' uiid rose 
lights from the comer pavilions, windows, and lanlcni 
Bumiounllng the dome, all rcflcctial In the udJniMml. 
lagoon and possessing a disllnutivo charm whicli will 
long remain In the memory. 

Purely spHctacuIar (iffmils have lieon wnflmsl to tin: 
scintillator at the onlraneo of tho yaelil hnrlsir. Tliis 
auDsisls of 48 :iO-inob projeotora having a ismiblncd 
piujcnhsl oandlo-powor of ovi« 2,(MI0,(ini),(XI0. Tins 
liattcry is mannod by a dotaobment of Unitud KtaUw 
Marinos. 

A modura express loeumolivo with Hl-inoh drivers 
is used to fumiah steam for the various firclcis fireworks 
olfcots known os "l<hlty Foalhisw," Hun-burst,” "Chni- 
malin Whails," “Plumes of I’anullse," “Devil’s Fan,” 
ole. The loouraotive is orrangisl so that the wheels can 
bo driven at a siieed of .'iO or (10 miles |wr hour uiiiler 
brake, thereby producing great vidumcs of steam and 
smoke, which, whon Ulunilnalud with various eolon, 
pruduees a wonderful speetiule. 

The aurora borealis created by the sesrehlights icoehes 
from the Golden Gate to Hausolitu and extends for milos 
in ovory dlreotlon. The prodnntioii of “Hootch Plaids" 
in the iky and the "Birth of Golor,” the weini "Ghnsi. 
Donee,” “FlghUng Surpents," tho ”H|xinlc's Parade" and 
many other effects are fasoinating. 

Additional fcaturM oomdst of ground mlucs, salvos of 
ihulli produolsg "Flags vi All Nations,’' grotesque 
flgures and oitlAalil clouds fur the purpose of oroating 
midnight sunsets. 

Over 300 sclntillaOng effooU have been workisl out 
■ad this fratun of the lUnmlnatlnn is subject to wbiu 
varigtioli. AtaMvherie conditions have a great in- 
flMM npon t)M ffmnl Uebting effects; for inrtaaoe. on 


still niglits till' ri'ilivtions in the lagoons naeh a ellinox 
particiilnrl.v the Palace of Kimi Aria aa viewed from 
Admiiiislralion Avenue; tlie fmades of the Kdiiialinn 
and Food Products I’alaces as seen in tho wahum through 
the colonnade of the I’alscc of Kiist Arts; tho I’alaecs 
of Ilorliciilliin' ami Kesliial Hall from tlieir Bepts-livi' 
lugiMins in I In: Houtli (Janlen; tho nolonnadcs and the 
Novu-geniH on the lieads of the scrapbio flgures, and the 
"Tower of Jewels" us rutlcvtcd in tho water mirror lo¬ 
cated in lliu North Arm of the "Court of the Ifnlversii." 

On windy nighls (he flogs and jewels are at their huHl. 
On rt«gy nights wonderful tieam iffiKls ure iinsluissl over 
the F.X|Kwilion iiiiiNiHsible at otlier times. Whnn the 
wind is liluwing over the lund tlio seintdlnlor display 
is dilfcn'nt from iiiglils when the wind is Idnsdng oemss 
tile Bay. A further variety Is introduced in thu oullun 
of the smoke and sloom on lalin nights. 

On tho evening of 81. Ihstriek's Day all tlio souch- 
llglils wero sernmnd with gnsm; nut oidy tliu towers but 
every flog in thu Rx|Kwilioii Usik on a nuw as|wnl. 

Orange in various shodiw was thu pruvailing oolur 
for Hie iivuniiig of Orangit Day and on the ninth annivi:r- 
Hiiry of till) liurning of Son Francisco thn Expiwiliun wss 
Iwlliisl ill rod, with a strikingly rualistui dumoiiHtrallun 
of lliii liurning of tho "Towiw of Jewela.” 

Iligli prossuro gas lighting plays an im|Hirtaiil part 
in street iigiiling in Uiu foreign and Htatc seel ions; low 
pressure gas fur eniergeney purjMises, and gas HamlMiuix 
for siK'CUil elfi'nls. 

The aisHiniiiaiiylng illustrations suggest suiiiu id(« of 
the illiiminaliuii, hut tho addition of (silnr is absulululy 
nisMswory to convey anylliing a|>|>ruanlnng a wrns'l 
impression uf tho night pinlunm of thu Kx|>ositioii. 

Strength of WIrelew Signals 

In u n'O'iit lecture dellveitsl liy I’rof. Mnreluint at 
tho Uverjioul Vulvcndty hefore Ihe Instltutlmi of Klec- 
IrUnl Engineers he deecrlbetl nn npimrntos Hint he bml 
UHisl lu measure the strength of slgiuils reeolvist from 
dlsUiit plams, mid he sliowed hy dlagninis how the 
strength wss Inllncncnl hy iilniusplierlc coudltluiia Hc- 
twoeu two Ktslloiis lying murly northwest uiid south¬ 
east of eneh other the strength of hIkuhIm during tile 
daytime varinl nitidn eonnmratlvcly imrniw llinlts. 
The ratio lietneeii Ihe night und the day filn>og1hs va¬ 
ries wtlb IIh) lliim of yenr und also frian duy to day uf 
nuy gtreii iiioiilli. On the evening of ii flue, clear duy 
till' Improved slrengtli known as tho "suDset effect" 
really iKciirs uboiil three ipuirtetH of uii hour after suu- 
W't. mill II varies with the wivithcr condltlnns. When 
rnliiy coiidlllonH prcviill the strong!Iienlng of Ihe signni 
Hficr sunset Is uiucli leas marked. The vaiiutluiui dur¬ 
ing the night are relatively great, and occur within the 
apocu of m tew mlniiloa 
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Electrometallurgy—I* 

Modern Methods for Producing and Refining Various Metals 

By Joseph W. Ridiards 


I WISH tij lioir tlK ErouiiU llrM with a few advance 
rfiiiiirkH iiK lu wliiit uliM-iriiiiiutiinuniy la. (liic dellnl- 
uf luclnllunty Im, “The art ot makluK tuuiicy out of 
nri'H." TIh- Iii'IiuIciiI dflliiltliiii In, ‘'File urt of extract- 
Itia DM-tiibt uMt ot (ircH HiHl rcIliiliiK Uhiu to tiM' parity 
niinlnil liy i-M-rydiiy iihc." Mcliilliimlral uiN’ratloiiB 
iin- iiiiiNlly chpiiilriil ii|ii>ralliiiiN. OrcN, with a few 
cxiiiiiluiiH, (iiiilnlii llic iiiotiila na muiiiuuiidM. and not 
ii lliclr niitivc Htiitc. TlH'n-riin-, It U iiHiially a mutter 
Ilf diNniiiiMHliiit I III- iiiiiiihiiiihI, UN cHHily and cheaply 
iiH II luu In- iIiiiic, liy iiiciiiin uf i-licnilcal n-UKcutik Hlec- 
triiiiH'lHlIiiriiy lu tin; iirl uf iitlllxliiR the oloi-lrlc curmnt 
III iililiiliiliiK iiicIiiIn fruiii tlwlr urea, or lu rx-UiiliiE tbeia 
for ludiiNtrlal purpoont. 

TIh> main illvlHlonH ot l■lc<'l^llIlPlnllllrgy are, Itnd, 
tlu- l■lc<■t^>lyllc uiHliodM, nmi, wcuiiil, the electru-tber 

I. Klci-tnilyllc MethodB.-V. AipieoUH Nilnllona: (A) 
Soliililc aiiudcN—cIcctruplatliiK. Au, Ag, Nl, brona; elec- 
tru-rclliilug, Cu, 1*1), Ag, Au, III, 8h, Zn. (II) IiiHolubIc 
aiwdi'N ■ cxlriii-llon fruui Hulutlnii, (hi, Zn, An, Ag; 
nilhiiillc nxliiclliin, I'h. ‘J. KiiwnI onlta (elrctrolytlc 
funiiiciw) ; (A) Mliiiplo uiiIIn, Nil, Ihi, Mg, Oo, Zu; (D) 
MolulliniN III fuNctl Imllia, Al. 

II. - KIccini-tlicriiinl McthmlM (Klwlrle Kuriiaixw).— 
I, PuhIiiu uf inelalH or nlloy«-ati>cl, bniiM, broiiw, 
Hiiiiiiliiiiiii. linluctloii uf coiiiiiouiHhi to metabi or 
Hlkiyii— II, HI, Hill, Zii. fcrro-nllnyM, pig Iron, pig atool. 

KIccIrIc ciiiTpiil can be iillllami for l■le<•lnllytlcnlly 
iIiniiiiiihmIiir clioinical ciuiiiuiiiiiilM. Tlic oluclro-tboniial 
iiiptiHid In that In which tlw current lu umnI for Ita 
Imilliig |H)wer only, and In which aome otiKT agent 
ilocN I Ik dccompoHliig. TIioki two are very diatiuet 
from each other, and I will aiiciid a few mlnuica lu 
cniphnalilug the dllfon'iKK Mwoea them, 

In IIk eld'lmlytle iiKtlual you depend Ufion tite elee- 
Itnlylle docomimalng larwer of the cnrrenL You itecea- 
aarlly hnve lo u»e a direct current cacoiit wbera the 
electric cell Itaelf rectiflen tiM eurront, which la very 
exceidiotinl. In nil practical eloctmlytlc oparnlionH, 
only dliwt current la naed, In electro-tlieminl work, 
wlicre tiK nirreiit la naed for Ita lientlng power only, 
dlrmi current or iillernating current may ho u»'d. Al- 
b'mnling current la <'hca|)er uud doea not glv<> the In- 
dlriH-t eirtN-tM that a direct current will give, for with 
dlrcK-t <-urrciil lu an electric fnnuicxi you nmiidly have 
iiiiilcHlred oiicHildcd elfccla al the eloctrodea. 

In IIk ch-clrolytlc fnmn(t>, tho amonnt of nocful 
work done, na inenanred by the amount of the product, 
la proiiortlotiiil |o tiK ani|)erea of tho current which 
|HiNH, MciiinlliiK to (lie lawn dlacovercd by Kuraday. 
When you arc iniaaliig n current thruiigli an ehadro- 
lytlc ivll, tlM< iiiiHUiiit of pmdiii't la Imleiiciidcut of tiK 
voltH which iniiy Im exiicinled on IIk cell, aiHl la de- 
IKialcnt only uimiii the nnipenw. It la only aecondarlly 
tlmt tiK vi4ta iimnI nlfcct tla> nnuniul of pnid<wt whh-h 
cull lie ulitnliMil by forcing tliniiigh more niiipcrea. It 
In cnay b) calculate the Ihniretli'al amount whiili you 
NhiHild gi-t al Kkl iN-r imil niniwre elficleiicy ui*m the 
nniperi'a llowlng thnuigh any electrolytic cell, 

III olcclro-tlanminl work, the bent-energy of the enr 
rent In that which la iitlllaoil, and the beat effect la 
pnipnmoual lo the nniperea iniilllpllcd by the volta, 
no that tiK product will he proportional to and doter- 
iiilncd by the amount of energy which la erpendod 
iiiaiii tlie fumncA na nienaured by the KlUowatt'hour 
meter Tlic Iwo pmewema are thiia oecn to be naaen- 
thilly diNllni't In thcae two riiiiilnmentiil wnya. A third 
diNllm-tloii may nlao be drawn betweiai llanu—that In 
(Ik electrolytic niiimmlini you miiat have an anwle and 
a intloNle arranged for proper electrolyala, ami proper 
iirmiigciiieiita for tho enciipe of the gaoeona pmducta 
III the nithode. In tlm cleidro-thormnl methoda you 
hnve no eueh dlatliKtlon of parta. Tlmre may lie 
cicctrudca, or the termliwla or twlca; hut (hey are not 
INwIllve niid nrgntlvr, they are not anode and catliode, 
niid (here la no arrangement of the cell which eoplea 
or diipllciitea llih electmlytle arrangement which la 
iii'cpaNiirlly part of an eloctmlytlc operation. 

I will diacnaa now why the electrolyala of fuocd aalta 
In NniiictliiM>a clanacd cmmmiady under the electric 
rnnince mclhmla. Fiiaed anila generally enndiu-t cur¬ 
rent freely. Their order of realatlrlty la that of a 
wcll-cnndiH'llug a(|ncoua aolutlon Ilka Hm beet conduct¬ 
ing aulphnrie acid, aomethlng like oof to three oboe 
per ( (i iU i u eter cube. When yon paaa tho enmnt thnogb 
aeb of FUkM^ 


nnd deivniiano fuaed aalia, the opemtlon la prlaagrily renMlo nMUeaplved, at tfaa anoda^ the ffoM. eOvKi, 
electrolytic- ilie decunipoaltiou of affuaed aalt to obtain tho plattiiaBi, little apeefca of ale« aad iwtt% iiS4 
Ita liigrcdloniH. llowcvor, you cannot poaa au aleetrlo (den of captwr, which dnp to tha bottM 4^'nadlia 
ciirreiii through any uuluikMi, or. In tact, through any mud will fmiaoDtIy ha BO par oabt eoppar and pff 

nwlerlal, without pbnerattttg bquo heat Iqr the poMga 40 par .(Wt kUvw and pohL ■nio Unto, todtoti. riSCk- 

of the curreuL If you ciectrolyie with an Intanae cobalt, tin, amt a Dnmbar of other netola have gaife 

enrroot you gooerate much heat, aud you may roach ■ Into the oolutloa The curro n t- de hilty at fh« (^fhodp 

lioint where the Internal heat geuernted by tho pMHoge mnat be high enough to depooH tha copper, but loif 

of tlw current la n large aa to kenp the electrolyte enough to lot tho Impurltlea aocamnliiito In the aohitiqn, 

melted without the amlaUnre of tho external beat with wheaoa they have to be removed hr other Thpup 

which you alarted tho oponlkm. By running the principle are the Arandathm of tlw eotlru oopper-n^ 
oiieratlon with an loteneo current. It M poaalble to get lug Induatry, by menus of which about MOyOOILOOO 
(he nIt melted, and keep It ooi, without the aid of potmda of copper per year are raOnsd for law In thto 
eloetrulyala. thne loctdeutatly generating enongb heat country, the value running over OM btaidred ullUoiM of 
to kOFii the nalt liquid at the temperature at which dollara. Similar prlndplea are twed tor rednlhg land, 
you run-.%0 deg., 400 dtg-. or 1,000 dog. Gent—lucli For Inetance, Dr. Kelt^ of Philadelphia, workad out 
HH wheu producing alnmlnum, etc,; and by regnlatlng a very aatirfactory laboratory proceaa tor tuBiilng lead 
the current you can keep the temperature Jimt at the many yeara ago. It woa not aathffMtory CDUuntfCisIly. 
dcNlnnl Iniut. Many wrlten have boon muddled on however; but In later yeara the problem hga been 
thlK pnint, and have Ihnnidit that when outelde heat mlved by Mr. Anoon G. Betts, and there are two or 
In dlniicnaed wlUi, y»n then Imre a fnrnaco) and they three auch planti In operathm In thia coontry aud 
hovo elHooed ibcHn with electrlcNfurimeH pnKeaaiu. That ' ahrtMd giving na a lead uf very high parity, ffua from 
In taking (Ihiii away from when they properly beloag. Nllvnr and gold, and partlentarly free bun blmdb, 
TIk fact that tlio otieralhin la moentlally eleetrolytlc which to one of the moet dlflmll eteowntB to get out 
In lint uffneted by the fact that tlw hoot generated part- of lend by ordinary reBnlng proceaeeA Bbmvtfa re¬ 
ly Kiiflkm to keep the bath melted, and whethor the malui behind In the ollmes In locb riuqw Uwt It eu 
licHt giMieralnl keepa tlm bath mrited, or whether yon be iHirlBed, and thto prnreee hae Incnaaad very gmtiy 
Imve oven to cool It down, lliat does not affect the the output of btomnth In thto country. The laid to on 
chiiwllicntion: It to mit an (dcdrlofnrnaea pnaim I free fiwn blomuth that It commandi a high pilot, be- 
would oak you, when you read about olectToaeUUnrRi- Ing particularly dosirable In the mannfBctora of trhito 
ciil prnenuea, that yon will bear that In mind—that lead, tor a trace of blumnth In white lead opolla Ita 
the electrolyHiM nf fwtod oalt, when the cnrMt snpiilj rolor. 

h Niifllcleut lo keep It fuaed. to necesnrily on electro- Another element which la being etoctrolytleally re- 
lylle oiieratlon. Houm jienple think that whai you are lined to nine, which to more dlHIcnlt to rnflne than oop- 
cmuluctlng nn optmtlou requiring a higher tem|iera- iwr or lead. There to also Imu msrgin commercially 
ture thaii the ordinary one. yon netwaarlly have an than there to for reflnlng copper, and thne to no geld 
olectric fnrnace. Thto difflenity haa been eolved by or Oliver In It, whose earing pajra tor port of the 
uahig the term ■■etectroiytlc furnace” for an operation iqienitloD, ao the reflnlng of It to not u pcvlltaMu la 
of this kind, wtotre the electric current porfonna elei'- that of copper. 

trolyela ami also ouppllcs all the heat neceesary to keeii TIk olectrolytlc roflnlng of illver wae flrit made pnic^ 
tlio Bolt molted. tlcnUc by Uoeblua. Taking na anode the ellver bullion 

Taking up now the dllfemit raotlmda of eleetrometol- which cornea from the cnpeltothm furoace, the Oliver, 
liirgy, alnriliig with the use of aqueoua aolutlooa among ivppcr. and Iron go loto aolutlon, while the gold and 
(Ih- elwtrolytle methods, when the only sonree of elec- platinum remaining are not dlasolvod. By properly 
trie current wna the battery, the plating of illver, braro, n-gulatlng (he depoaltlng enrrent, only pure silver to 
ele., and other metala by means of an aqueoua aolnthm depualted. Bllvor of the greatest commercial purity 
uud electric enrrent waa the only branch developed la marie In thto way. Gold to eleetrolytlrally tefloed 
HIkliigton hrothcra, In Hugland, wore the heat known on the aame general principles, but vritb differences In 
platen n( gold, allver, and other metala, neing aqueous ihdall, by the WobIwtII proceaa The pneeui was 
suliilhioM to do electroplating, According to my deflnl- worked out at the Deotoebe GUd and Silbef uchrid e 
I Inn, electroplating with ]niro metal naed aa an anode Anitalt lo Habburg. A aotathn of chhxlde of gpU, 
wiiiilil not be Included In etoctrometaJIargy, and I elcetrolyinl with a abeet of gold aa anode, glvaa off 
Niuiuhl My at the prroeiit time that etoctroptoUiig wttli chlorine Into the air, and the anode la not dimelved. 
n pure mctallli- aundc la not an electroiuetollurglcal op- If you add hydrochloric add to that aolntloil, making 
criilhin In IIk atrict acnae. I mention thto hKaiian In a strongly add aolutloii, there warn a point when the 

tlw rorly dnys, when the heitery only was need aa a nsmiK of chlorine gets le« and Imu, until Un esrope 

wiiinv of current, eto-troptattiig waa called elcrtro- to prerentod altogether, and the gold anode diMolvea 
nieinlinrgy. In Mr. Shnw’e flrot hook, ho aosunwe that perfectly. That proeew woa flrst pnt Into operation 
eliN-lroiiietallnray menna nothing more than the plating In America, at our Bhltodalpbto Mint I bollora the 
uf IIk metaK the duplicating of medala and enhia, etoctrolytlc plant baa alnce been moved to the OMy 
Ninrtlng with a pore oKlal aa anode, and olniply clung- uillw In New York. The gold, ptoUnnin. and ropper 
lug Ita form and plating It over. Fran the old hooka go Into notothMi, while the rilrer fonna chlorMe and 
up to the pronent you will And much In them about rcmalna imdlanolved. By uililg a PTOPtf ao pnati m g 
elnetroplatliig, or. In general galvanoplnotlro, the art current, pure gold to oMalnad. The poMbeatara any 
of chsoglng the form of a metal. RIkIngton Brotlwrs, Uny are getting nuMh better rantta now fran thto 

who wero plating gnbi and allver, were the flrat to eommerdel gold, becanae It to ba^ tisui th^r ware 

ntlllic tfala principle tor reflnlng eoppar, away back able to promM before hy tbg add.cbtonknl prnri^M. 
nliont 1MD. When the flrst dynamo was Invented-- The plaUnnm to recovered from aolutlon Iv a aknpla 
I he flrst marhlnn of Wilde—there arooe the pouriblllly chemical operation, so that the platIttiUD that Mad 
of using Impure copper ai un anade, and plating (n aUy with the gold and be kut li how laved. ^ ' 
<uit imre copper, thus aavtng all the gold and allver Bealdra fin. lead, allver, eoppar, and giM, t beHevn 
i-oiitaincd hi tho Impure eonwr. That wae the flrat thera are other metals to wMeh the atortfoljlhi n> 
IKoeess hy which It waa poastMe to satraet grid and lining proceaa to quite appHraMe. TfMa ift faute 
silver from the metallic copper when they were ptneent In dht^ etoetrouetallnnilsta ar* oliMdy woriUng. Ag^ 
In very omall anosmto, and tha pnoMi owefl tta com- ttmony and tin, tor taaUncn, takoe (Men woritod fm In 

imrrial enceoaa to treating riwap Impure copper, n«>' this way. The g«eral prlneiplak sMtaad ■(* 
lug IIk gold and ultTfr, and at the same time (Main- with d H torencea flf detail, to Mcli’eM of; tta 
lug a very pure (upper at the cathode. That la a real enabling ofU to rijtala taa paMt Mriala ttat tata 
eio-tromeUlluiileal operatkm. It bu a tow toads- ever been pta on tta aaikat If you elaeteriyaa a’ 
mental prlndplea, whiefa I will eat forth aa eenriaely mintMb wKll.aa taantahle-aao^'ylia w' 

I «n- nwUI treat tba wluCiao wUlMat: rtaWflpgU^ taifar 

To riectrulytically reflae Impuie mataL yen mpM fraai tta anoda non in g atanler fl|l priligim' 
choeoe aa etoctrriyto a eoHiMe aolt In lointleiK-nwfli ritattotaetaaMfkai phii!tattaf Ibpilbfl^ 'te 
that the actual metal you dariro to get'wllf go tato ' i' s . » ii.. • - ,■= t - 

tho anlothm—and then you mast aat a dtaerittag oai^ 
rent of eueh quality end qnaatlty ttat yoa dtparitaaly 
the dealrad mrial out of initaita Whgg yug ^ 
hapare eopp* aa aaada iMi 
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Mtdtafttad swttod oC atTMUiif fold out of 
aoMob WM BMS hr Btanwi and HaMe In Booth 
dJMoi; hot that aiattiod haa bad a hard atninlc 
ta OMl^ta »lth ordinaiy pndpttation by ilni!. Bilnir 
^tpaa with tho gold wbea It U damlted from a 
craaMa aoMloa. Tf yoo look at the water In a 
ooMe^laa yoo will and It la traqnantly colored blue 
If M4ilinta of ranwir. That aotntloa la naoMlIy run 
near aenp Iron or pig iron to depoalt the mnier hy a 
chaaknl reaction; but If you are liandling aolutlona 
wbeia Iron la aot BTallablo, It U ponalble to etrctrolyao 
U wllti aa Inaolnblt anode end throw down tlie coiipcr, 
qglta pore, on the cathode. 

nts year we bare bad newa In the technical pieaa of 
a very great dardopninit In thia method of working In 
rhlla The Qnggenholm’a Oblle lOxplonitlnn romiwny 
haa nnro\nTd a large depoalt of coppor ore near Antu- 
fogaata which la aolnble In dilute enlphnrlr acid The 
ore la treated by dilute anlphortc aehl, ami, hy eledro- 
lyslBg the aointlon hy Imtoluble anodea, tlio aulphurl< 
add for further treatment la mgaliiml The main rru\ 
of that qoeetlon waa to And an Inauluhle auale which 


would not be attacked. Lead wan naed, but It forma 
lend peroxide, and gradually falla to plecea A high- 
illlcon Iron waa naed; but that gradually falla to 
ploeea In Oermany they ore now canting magnelh 
oxide of Inn (IV).) Into tlie ahepe of enodea. and 
nalng Uiem toceaaarully. They are about tho ahape of 
flattened baaeball beta, hollow Inside, with the walk 
a little OTer one-fourtli of an inch thick They aro 
made In Frankfort^ui Mala hr tho Orienhelm RIektrnn 
Cnmimny The Chile Rxpiorntlon Company gare tho 
Kmukfoi t Arm one aider for fOO.OOO of then electrodM 
It la iiiteredtng to eninddor that when they are Im- 
meraod In tho solution, the magnetite Itrelf not being 
a good enndudor, roii wonld Imto eonalderablo renlat 
amo In pamltig curreat down to the lower end Tlila 
IS ohi laird hy elrclrodrposltlng a aMI of copper on 
IIk> liishle Hill face, fnetenlng topper Btrl|B at the to|i 
III eiiiuliMt (lie lumait Into the Inside shell, and then 
tim oiilv reshdanie whldi tho current meets Is about 
iiiie-riiiirih of an liitli of the magnetite to get from 
the Instde to tlie oiitHide ThIa woik waa dracrlbed by 
klr U A Caiirllln ftiiiltli In New York before the 


American BUectroctaemlcal Society at its twenty-Afth 
general meeting In April loat That waa tho Aral pub¬ 
lic deacriiitlon of the opcmtioiia In detail That plant 
la dorigned to troat 0,000 tons of ore a day An Im 
monss body of ore hi nvallablo for treatment by tlUs 
method 

You (an gel an Idea of the Inipuitiince of those moth 
(Sis of eIrctrulYsIs with lasolublo anodes fiuni the few 
Instsiu'es gUen. These magnetite smidrs iiiny sbw bo 
(pilte uaefnl In other el(H4rDlytlr proceescs In tlie gen 
rrstlon of oxygen, for Instanre, ther nia> Ond It pra(^ 
tleable, fOr there haa been trouble with anodes Isssitnlng 
eortmlrd I saw last Bummer, lu nultr, an opeiathin 
of the mme kind, of the Biitir and IHiliilli Coinpanr, 
plating copper nut from aulphale wiliitlon, and regain 
Ing the anlphurlr add for use ngslii The Phelps 
Iwdge t'nmpany, whhb runs Inna inppir inlneH In Arl 
aonn, bss begun to study IIiIh method for IN IowinI 
grade of ores, and tho main snliitliin of this iiiiPHtlnii 
rests OD the use of Insoluble anodes of fused mag 
urtltc 

(To he umdsded ) 


CoMt Stool* 

A New Material hr AeaMmUog Macbtoa Tool Bpeada 
■ndOatpat 

At tho prosenl lime, when tho need hr Incicnsliig the 
ontput of our (uflnrles la so argent. It Is natural that 
eiiglneen ahould he prepared to give attentlim to any 
praetksl raggestlons that may lend In lucnaised mitinit 
One of these hi that tho inerlta of a compniatliely 
new commercial product, cobalt steel, should be given s 
trial. Recent cxptirlmenta have shown thnt tisil steel 
made of a suitable alley of Iron, carbon, and (iilwlt Is 
capable of speading np to a remarkable degree anv work 
lo connection with tho production of war material so 
far aa turning, planliig, slotting, dillllng. and milling of 
li(m and steel Is eoaoerned 
nils aprdal steel has been tested In Amortca agalust 
a vanadlnm atoel, the teat bebui with )4 Inch diameter 
twIatdrIU The cobalt ateol drlU made 10,au0 boles tN>- 
fUn the drill reitalrcd to be gronnd, the bole depth 
bring y; Inch thraagh a malleable earilng, and the drill 
running at fOa ravolntioni per mlnnto under a large 
alreom of oU No other alloy steel drill (Smld do better 
than ajIOO holes under almllar conditions before re 
grlndliig Koch resnita are wbat would he expected 
after a sdentlde examlnatton of the properties of allov 
eteris. 

AaProb J O Arnold, FRH, and A A n(<ad,nM(d 
state In the course of their well timed iHiBr on Tlie 
Chemical and Mechanical Briattona of Iren, Cubalt, and 
Carbon," rend at the lost mccUng of the Inslllutlun of 
Ueehantcal Rnglneera, scfcmtUlc opinion os expreesed by 
Mr Bnbcrt nadOeld, a eobalt steel pioneer, la that the 
action of cobnlt resembles that of nlekel In raising the 
riastlr limit and maximum atiess of the maleriol The 
tSmomi Frenrh meUllargtst, H nulllet, also found thnt 
"tha presence of (mhall slowly lolscs the tensile strength 
and the elastic limit, while tho einngatlan aisl redurllon 
of area are dlmlnlabed" The profewior's own oxiwrl 
monbi proved tbat, with equal carboiia, the tenacity of 
tha steels, os measured by the yield points and mail 
mom stH'ss ci i, Increases with the rohalt, while the dne 
tiitty, as measured by the clongntlon per rent, eorro 
■pondiiigly tills. 

Cobalt, tbear And. does not form a dediilte solid snin 
tka, or eebauide of Inm like tbst formed hy iilekel, 
wbl^ with only 01 per cent of carbon present, rcgls 
ten a mailBnun aticas of abont ninety tons per winaro 
ladi aoKielatod with a ndnotlon of ana cf 4A per cent 
An aUay reutalniBg abnut lA per cent nf nickel and 06 
par cent of carboa la an hard tbat It fat Imposrilile tn 
ma c M aa It, wtaoeu In a series of cobalt steels tn which 
the cariMM nnged from 060 to O0|l per cent and the 
agfeait from AT to 900 per cent, all tho alloiH. without 
any ai tn eal lu g, machined with the greatest ease. 

llto bent Iwatment of cabalt atari ta ahnpler than 
that of any other UglMpead tool riari. Thus the ftirg 
tog of toris la dona at a yrilow bmtt, and hanleiiliig is 
aasetad mstriy bar hstthif up tha tori to a white beat 
and aBowtof tt to Odd tn the open air. Buper heating 
ta a (ualnt potot la entlMly unnaes—ry srlth eebalt 


tfuA thltoir, atala or Ittased oO, molton kad, potrol- 
a«to or Mttr, ta upt rmind. By obrlatliig heatbia 
*a toal to the «nliid,|i^ tt torisar Itait grtndbig 
tostoWB ha qdaaldanVIp ndAurit 

■tph* .Oiitoini haya nebtAtoki the neitts of cobalt 
MmI AMd to a wpogt 1 b» p u Wtahsd hp the Mawherior 
OB Itut MapannS B lal 

to, too (Wtatoton Oat "toe matv- 


followed by a remarkable iucienso In the cutting ivwet 
aisI (liiraUllty, wlllioiil lM.t(«slog the purthsslng prko 
Jbioe Ihe average market prlct*,* which Is abont As Od 
tmr pound 

How cobnlt stool may be prodsced, according lo Profb 
\ninld aud Read, ts by nirtting together In snllahlr 
piolHirtlons ingots nf pure cobalt, Hwedtah bar Inni and 
Swedish white trim, afterward adding pnre metallic 
niaugaiH>se and ainmliilum ten nitimtrs before treming 
III llieli recent experimenls, to which reference has 
nlresdv tsmi made, the steels were cast Into square 
molds (he Ingots afterwsnl tiring re-henled and ham 
mered (buvii Into J Ineli rouisl bars 

The advent of cohalt as a most valimbte engineering 
mnleilul atfords another example, along with tongsten 
nud laolyhdcnum, of the wav In whkh what may be 
termed "chemleal eurlogttv’’ nictata have come to lie of 
giisil tuduslrlal ImiMrianee 

Until a few veara ago cohalt had little nae bevood 
forming the base of the pigmeut known as cotail hlne 
In ftict, as recently as 1612 a Hbindard srientlAe work 
of refrreocc conld only record thnt “mriallle rolMlI Is 
not at present nsed to am extent In Ihe art^ Ihimgli 
Its ulllltv 1« becoming more fully recognised " 

The metsl which ta similar In proiierties to Iron has 
a hrtlllani stiver white appMiamw wlien imllshed, aisI 
like Inai Is vwv magnetic, king, In fret, next to Iron 
on the list nf sugneth* metals It melts at 1 4D0 ihsi 
(•(lit as (siniiMred with l,IR!6 degrees for Iron, while 
Its speclAe gravity of «h Is well above that of Iron 
which ts T« 

Onada Is the world's prinripal producer of cobnlt, 
practlealiv alt the cabalt of roromeree cmannlliig from 
the iHdghhorhood of the town of Cohalt, which is sttn 
Btisl tn NorIb Ontario near the shores of lake Taius 
gamliHine Tlie depisdls, which were oulv rccentlv dls 
covered, nrr linmeiiNely rlrh also In silver 

At first tlie (mtiers of the deimslls In Oiilnilo dM not 
trouble miKh nlmut Ihe (silmll, though this often 
amounted to as much ns is per rent of Ihe total and It 
was regarded rather aa a nulsanre, as It Interfered 
with the silver estnutlan Tt soon beisime nhvtnns 
however, to the Caiutdlan Urpnrtmeiit of Hines that 
cohalt had a israr erornsnlr Importamv In vb-w of Its 
effmS on strri The director of the department, I>T 
KngeiH> Ttnanel, therefore had an Investigation made 
Into the methods for preparing metallle cninit from the 
oxide The results of thta Investigation have reeentlr 
been published, the necemary researches having been 
unde at the Reboot of Utnlug tn ()nrma Univeraltv, 
Kingston Ontario, In the eonne of which considerable 
quanlttlos of pare metal were Bittatactoilly produced 
by one or other of the four methods adopted 
nrPABATKM oe TUU MBMI 

Theao methods are all baaed no the redurilnn of 
commerctal cobalt oxide, the reducing media In the 
fear methads being, rrspecUvriy, carbon, hyilrogeu gas 
eartaiD monoxldo gaa, and aluminium In the ease nf 
earhon, wbhA ta healed with the cobalt oxide In a 
erncibla by rioetricHy, It waa found pnaalble with a 
amall tabocatory plant to reduce enough oxide to make 
SO pounda of tho metal In an right hour day with tbe 
furnaea absorbing U kilowatts Thus, on a eommer 
rial basta, tbe power (duirge for effoetlnf Ibis reilucthm 
would bo mnalL The hydrogen rednctlno experiments 
eonoisted In plaring on slomhim boat, contslnlng s 
wolgbed amount of dried cobalt oxide. In an electric 
rerioter funaus, mafrtaliiliw its tempemton thsrrin 
eonalant tor a dsOalte tangth of time, daring which a 
strsam of hydrogen WM posnd through tha frmaoh It 
wu fMnid that tha reduritou to BMtalllc aoholt takea 
pim my apidly at an tagqMratuna aboea BOO dag. 
CadU gad to* frriiud i* ripsetally rwnmmendsd te 


the intslnctliHi of nssleiate qusntllleH of very pun, 
carbon free rohalt for spivlal purixtses. Just as II has 
been used tor the prndnelloii of metallic InngHtin 
The carbon monoxide ex|a>rimeiits dIAered Isit llltle 
III geiiiral outline from tlie ulsive. exeeiil In tlie nature 
of Ibe gas The redniilnn tisik jilace verv qiikkly aftiw 
a ti mperatuip of OIK) deg ( eiit bad h(<en resched 
Mhere producer gas is avallshle It should offer a ebeap 
iiiid efflelmt rniwnw of pmdmlng large quaiitlllcs of 
pun- melnlllc eobalt fnmv the oxide 
Tlie aluminium method of loImU iinsfialbsi Is ptob 
alilv the most luterestlng, but hanllv tlie eheaiswt 
I bough It ta praetieally essential wIiihi ahsolnlely 
(nibon free metal Is miulred To effect Hie dixdred 
reduction, 5 to 16 piunils of finely divided eobalt oxide 
N mixiri srlth powdered aluminium, and the whole 
plaixd In a conical welding furnace of the Tliermlt tv|ie 
Ihe reaction Is started liv lighting a fuse of Anely 
divided alnmlnlnm and potamlam (hlorate rolled In a 
piece of Itasne paper The furnace Arcs with great 
violence and tbe contents are raised to a white heat 
Tbe aluminium reduces tbe eobalt oxide and oxide of 
aluminium ts fotmciL One pound nf ainminlum will 
redme and melt In UiIh way two pounda nf metallic 
coIbU Therefore there Is a charge nf atamt Oil In the 
form of one pound of metallic alnmlnlnm for the powei 
needed to reduce and melt two ponnds of metallle 
cohalt There might, of enurse bo some rdiirn for the 
fUHisl alumlninm oxhle nsmltlng from Ihe prnixw bnt 
evdi allowing for this the eisds aro high compared with 
the carbon and carhmi monoxide niethudH of reduction, 
lo which refrrriHW has already been made 
11 Is obvious that the heating costs must bo high by 
Ihe aluminium metlnsl, tor heat Is bring anpplled at s 
lemiwisliire grrater than AI60 deg Cent, that In at a 
Imnneniture tar In exeisa of what la rninlnsl fur tlii< 
mluitlon of Ihe oxide and Ihe melting of (he metal. 
Slid wllli (smaninent attendant liarcased Itssws due lo 
londuilliui and radiation 

Tlie liiltlallon of Ihese liivrsllgatloiiH as well as the 
Ihornngh manner In which they were lariliil out rn 
Aotls great credit on the Cnnadlaii IVeimiimeiit of 
Hlisx and It Is to •s' hoped that the enleriirlse will he 
rewarded by an ever Inerensliig demand foi a nsqal of 
vihleli Ihe rmptre ninvenrs to isssoxsi iiiillmlled siitiplhsi, 
aud of which the use may la> expected lo grow rapidly 
now that engineers are reallrlng the value of cobalt 


MegffveBeiit of Short Intorndg of Time 

In conducting delliate sdeiitlfle luvestigatimis tt Is 
frequently neceesnry to Is* nbli> to nssisurp vvrv short 
liilervals of time, or to be iible lo break two spiMiate 
electric ctrrults In suecewdon, bnt with a (hfliilte, lire 
determined Interval nf time that can ls< ardirntilv con 
liolled and reproducrable How Ihls ran lie done Is ex 
plained by J Contaon In tho PAya Rrv , 4 Ber 2, I* 10, 
where he dcscrihes a simple apraratiis llial he has de 
vlncd The apparntiw Is based on the |irlnrl|ile thal If 
a massire weight, falling freelv under gnvlly strikes 
a cottar on a metal rod which Is supported vertically, 
an elastic ware or impulse travels out along the rod tn 
each dlte(flloa from the colbir with a Anite velocity If 
tbe Impact takea ptaix> at the middle nf tho rod, these 
wavea wtU. of eonrae, reach the ends of the rod at the 
same lime It however, the point at which the impact 
onmra be not at the middle of the rod, the Impntacs 
win reaeta the ends at ttmea that differ hy an Interval 
which will depend oa the path-dlffemwea. la thia way 
cimtrollaUa dime Interrata extending over a (xmaldeT 
able laags smy be ssenred, wad can eaally be meosared 
wlto tha aid od proper ipparatna. 
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Gyroscopic Phenomena 

A Popular Presentation of a Perplexing Phenomenon 


Tmk iiJM'fiil uniilIrtilldiiH lit llir KjniHPmic have hreiiine 

Ml IIIIIIIITIIIIH IIIKI mi llll|llirllllll, fSIH-l'lllll.V Ulllllll lllf 

liMt IWII .vinrs IliiM Hi'll-liiriiniiiil lll■■ll iinil wiiuiiMi ure 
Hikin’ fur iiiiii-lifliiili-iil i'\|ilniiiilltinH iif 
|■lll■llllllll'llll. ’rill‘ rilllllHllIK lx »■! MIII|I>hIm Ilf lilt' WHIII- 
liilil.t iiiiiiiiiiiliiiix iH'liiiiliir Ilf llii' c.iniwiiiii' liilii thm> 

kIiii|iIi' I lll•llllllll■llll, hIIIi Mil I'lTiirl In itliiiw Hint iHii'li In 



Kl«. I. 


II iHTfertlj iiiiliinil iict'MPri'iii'i', III full iKNunl with 
t'tery-tlH} fiiHTlfiHN', 

Auy rniilill.t iiiliilliiu InnI> Ih h lornMniN'. lint n wi'll- 
IwlaiKfit ivlufi iiiiiiiiilitl III uIiiiIhH rliiitN, hm nIiiiwii In 
KIr. 1, In IwHt iidiililivl til till' iirfN'ia puriKiM'. The 
muuiitliiK ik'nullM the uxle In imliil In iiiiy tllnvlliin iinil 
til tiini alNiut any line wlik-li iiiiNHeH lliniuRli thn center 
Ilf tiKi wheel. When (he wheel In nut N|ilniiinR wo iDiiy, 
hy exertliiK a Hllght iircttNore with thu fliitieni at tho 
end Ilf the axlu eauiH! It to iiiiim' In vHrliiuM dlructlonn 
and amume poHltlouN aa idiuwii In Flita. 2 hihI .*1. Nat- 
orally tho end of Ihe axle iiniveN In the direction In 
which we iniidi It, and It Nliiaild move very CHNlly, for 
the miiwralim In werlhleHM for ilemeiiNlrnlUin uiiIcmi the 
lilvfita alwot which the rlutpt lorn urn nearly frlc- 
tlonlcoa. 

If iiuw the wlieel U' niinic (e N|iln miildly and an 
elTiirt be lundc to uiuve the iixle iih iN'fiin' the H|i|inratnN 
will Hcoiu iKrvcrae. The loiait vlRumUN realMlnia-e will 
he iilTered to uiiy ntteiiiiit In chnnKe the illrectloii of tho 
axio. If we Ntrikc the end of the iixlu or the rlnR near 
It with a cluh or humnnT wo may uac force enough to 
douiaKo the nieeluiniNni wllliont pnNtueliig any conald- 
erahle changn In tlie illreethni of the axle. If wo pro¬ 
ceed uiiire gniilly and exert a Nli-udy iircHNUru ua ludl- 
cated In Flga. 2 uiul a, inoUon will occur, hut It will be 
mainly In a plann iil right aiiglcH to tiuit In which wo 
puah. The viguroua rcNiNtiiia’c and thla auctnlngly 
aiiomnloiia inotloii arc Iho two fealureN of gytuacoplc 
action that iilay Iho liniNirtanl rulea In the uacful aiipll- 
callona We cull (hem (/vrri n'«f«(oara and groocatloa. 
The lUHt of the tlinv iiInMiunieiui TDeiillniied above In tho 
vibralhin or Jar that m-enra when Iho end of tlio nzlo 
or the ling near II In Hlriick while Ihe wheel In aidn- 
ning. TtalH Jarring might Hoem In arlMC from thu luck of 
rigidity of Hie iiioiniting, iiud It la ludn.>d very much 
like the vlbmtluii of a Ntlff apring; liowever, Ihe dfoct 
la duo to gyroMNipIc adliiii iiiid In called nulatitn. It 
takiw tile form of a very prononinx'd wublilu K Ihe end 
of the axle lai glvon a quick punh wheu the wheel Is 
Hidnidug at a alow into. 





By Bert L. Newkirk 

An examidc of thu effect of gyro-rMlatancc and pre- 
Ci hnIiiii In Hhuwu lu Iflg. 4. The axle la au|iported at 
fine eiHl ami (In; weigh! of the laalj nxertN a force teud- 
liig III cluiiige llie dlrwiUin of llm axle. (lynea-nlNt- 
oiice iireviaitH the tall of tlm wheel ami fraran and the 
pi'eceNNliHml luiilloii imaliiced by the Hli'udy furvu of 
gravity necura iih liidlciite)l liy ihe digted lino. 

The eoiumoii toik Fig. B, offers uiuglier good llluatm- 
tliiii Ilf (he tiheiiuUM'iai we aro comdderliig. Tho force 
Ilf gravity, tending to overturii the Uiii. In oiipiiaod by 
Hie gyrii-reHlHliiiwe, ami Iho prcccMilou ucciini lu a ouu- 
hliiiiily liiiinglitg illretiliiii, lull alwayn at right angles 
||- Ihe Illreetliiii In which Hie top would full If It were 
lint Npliinliig. The clinlleiliig of the top when It I'onieN 
lelii iniitiiii tttlli the wall while Hpluidug Is duo to 
nitlatbin. 



Plff.8. 


The plHMiuiueiM dewrlbuil ohovo arc applied In the 
llrannnn UMHiienill car. the gynssmple coinpaua, a de¬ 
vice to prevent the rolling of alilpu at sen. and In a 
iinmlH'c of other dovlei's that play a moio or Iouh promi¬ 
nent isirt III human iiffnlrs. Kigaclally worthy of men¬ 
tion, iN'rtmiai, Is Ihe fact that tho dreaded Hubinarlnc 
loriHNto owes Ua eireellvciKwa In largo part to Ita gyro- 
aenple stoerlug mecbniilHiii. 

I NhnII now attempt to ahuw lhat Hicnc pbonomona 
■III iNTfeclly natnnil and fully In aeeiird with tho facts 
Ilf every-day oximrlcnco; tu Urn Brat place, alnco the 
pheminieini upiN-ur only when the wheel la spinning, 
we eoiicluih) that the lam Ion of the material which la 



Plf-d. 


Ill rnidd motion la reaponstbla for the obeerred behavior. 
Hecond, since the rapidly moriaf inaterUl la elmcet en¬ 
tirely In the rtm of the wheel, we look to that for the 
c.vpUiiathm. The focooi which we apply at the cod of 
the axle are tranamltted by the apokee of the rim and 
there meet tho realatance noted end produce the precee- 
alon aiHl notation. Holding this foct In ndnd, let na 
aland at the near end of the axle (Fir 1) with our 
eyes near the rim and looking toward It Let na for tho 
moment ImtglDe the rim replaced by a aortal of eepa- 
rate boiUes flying past our rlalon like bnlbU from a 
machlno gun, eadi constrained to move In a einnilar 
path by a wire attached to mm point below. 

Now auppoee that each at thMO balMi wsm stnek 
a blow In the dlractlon of the Une ot vMoo u it paana 
the eyaa. Hie effect would bo almply to daflaot tfea 
atnaa aUiUD'. Ika chUMtaff oC wgd« 


tliino to more In circular imlliN as before, but lu a 
slightly different iiluiie. If the lurliiH of |iIoa-s shnnW 
cense aH wkiii iin nieli of the hill lets liml recelrod otm 
hlow, then tlm whole Hi-rleN wiuild be revolving lii a 
plaiH- Nllglitly illlTereiit from tliul tu which the) moved 
originally. Ile|uxitcil aerlvN of blows wnnhl reMUlt In 
ciirrmiNiiHlliig i-liHliKea of tin* plnm- of niullolL TIiIh Is 



Fig. S. 


really preceaNloii. A lifting force, for exuuiplR, exerted 
iiiniii Hie omi Ilf uii axle of u apliinliig wheel Is oirrhal 
by the aiMikua tu thu imrtlrleH of Uie rliii und ui-la uimhi 
H iem na the serlni of IiIowh utia uiHiii our stream of 
liulleta. Ill iMth easea Ihe reaiill la a cliniigu lu the 
plane uf rutulluu. The liullela. Maingli struck rcpcat- 
ia11,v 111 the dlrecllmi Imllrated by tlic armw, ruhirii 
iHwiiya lifter cpinpletliig u rovuliitloii to the iNiliit at 
which lliey were struck. Thmi, thn atrvnm does not 
yield III Ihe i1ln<clluii of thu bhvwa, Juat as the axle 
Ni-eiuH not to ylohl In the dirnctloo lu which It la poshed. 
The reslalanco lu gS'ru-ruiUtauce In both cuaos and the 
gynMestatamio aceu from thlu point ot view la only an 
example of the familiar resistance of attcama of isirtj- 
clcs (water, for example) to any deflecting forev. If a 
slrcam of water lasulng from a nuislo under a high 
bend be struck with a club, the club will rebound os 
though the atreom were aoHd. (Bee Vltp*. 0 and 7.) 

I have devised a Himple apiiaralus to Illustrate Uksw 
cffccta On account of the muchanical dllllculty ut cann¬ 
ing a Hlream uf bullcls nttnebed by wires to ii cciitral 
iHiliit to revolve rapidly without confusion, 1 have re¬ 
duced Iho uumbnr to two and muuiited them so as to 
Isilanco each other and upon a unlveraal Juint so that 
lliey may revolve In any plane (Big. 8). If tbeae be set 
Into rapU revolution in any pbtne and a heavy block 
of wood be bold so that they will strike It a glancing 
blow as they pass a certain imlnt in tbclr imth tho re- 
aiiH will be a gradual shifting of the phtne of rovolii- 
tluu, as explained above. The realataiioe which the 
revulvhig masses offer to the foiee exerted by the por- 
wMi holding the block Uluatratca the gyro-iealstaiice. 

Wo bsvD dUregardad the rigidity ot the rim. In think¬ 
ing of It as a stieam of buUeta. Due to this rigidity, 
Ihe lifting force Impnsned upon the end of the axle Is 
not all Imiiartcd to thu parUdea ot the rim as they pam 
tho highest point of tho path, Init It Is exerted upon 
them cniitliiuouidy. The rcault la, however, pneeasloiial 
uiuUoii III either cose. The rate of pcaoasalon pradaowl 
b.v a given force at the end of Hie axle of a wheel la 
the Name ua would be produced by an oqulvaletit aerlua 
of blows sctlDg upon the rim or upon a stiuom of sepa- 
nilc bodies of tbv aamo aggregate masH. 

The nulaUonal vibration or wobbling Is a direct eon- 
icgiioucv of tho rigidity of tho wheel For reasons bo 
be explained below, thu spinning whesl and axle do 
ylrid Bllgbtly to a foxco applied at the end of the axle. 
This ytaldliig to the ImiireMed force la called the dlix 
For example. It Um rairidly aptaulng wheel ot Fl» 4 ta 
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apoa tiM itud with tba axle boriaontal, and 
ntauad, Oie wheel and frame will dip ■IIoIiUt Into the 
poeltloa ihown In the Baum and precew< au that the 
aale derrlbM the Bnrfara of n oone of lane angle. The 
IbnatratUm rerjr much exaggeratea the amount of the 
dlpk which b oanalbr no minute an to eacape notice. 
When a wheel b aplnnlng rapldlj In glnibal mounting 
(Ifig. n any force exerted to l■llHnRe the direction of 



Fig. a. 


the axle will produce a alight dip In addition to the 
premaalan. Thb yleidliit or dip In very mneh like the 
yielding of a aprlng when itreaed. It the wheel b 
aplnnlng very raiildly It ylelda like a ntlff aiirlng. bat 
11 the nplu 1h hIow the yield b Uke that of a week 
aprlng. The amount of Ihe dip b very nearly propor- 
llubl to the force applied. 

The nnlutlini b simply a (InctDaUon of the dip. When 
a lund b sudilenly dni|i|wd optm or hnng from a aprlng 
there fulluwa an uacllliitlan, which dice out grudually. 
Ir. n eloHoly anabgona manner a force auddeiily a|i|illHd 
to the end of the axle prodncea a dip of diictiuitlim 
nininiltuile, the unclllatloiin gradually dying <iul. rh In 
Ihe cnee of the elaatle vlbratloua. If the fonv Im> grent. or 
It Hie wheel li«> H|iliinliig aluwly. Iheee nutntloniil vlhm- 
llima lire cuimptcuoUMly evideiil in the form of n wnlilih* 
Ilf the wheel, hot iuiiri‘ frcqiieiitly they nn> iietlniiilili' 
■inly na n riiltle or Jiir which dlwiiiiMiiirM wllliln n rmi- 
Him of a Heciiiid. The iielual inoHnii b a enuibliiiillini 
Ilf the iintfitliin with the precemloii. The wiilililc of n 
Hlieiit top b of thb Hort. A lienvy gjniwiifie niiHlel In 
gliiitial niounting will ahow It to adriiiitiige If Hic wheel 
lie made to apln alowly nnd a weight lie nttiiched Hiid- 
deiily to one end of Ihe axle. 

Iiet UH now lui|uln> liilo Ihe remion for Hie dip. If 
Hie rlin were ciimiaMed of seiMmle Mt-tloiui like Hm> 
aerleH of tiiilli>lH eoiioldereil abire, eneh winild keep 
Htrletly to lb laitli niitll It rmelml Hm lop, whim a 
Hhiirii tilow wouhl prialiieii o hiiiIiIoii detlectloii; lint Hie 
wheel being In fhct quite riglil. It b ns though the irtii- 
gle eharii lilow whieh stniek the bullet nt one |»lnt In lb 
iwth were replnced by a multitude of mlnulc blown raliHHl 
uimii It during the whole counie of a revolution. (Tnn- 
HldiT u Munll fwctloii of Ihe rim as It moves from A to 
II, Fig. n. The upward force atqillcd at Uio end nt the 


axle beglmi st A, let ns say, to prodneo a dcflcctloii, 
and continncH lo exert such nn Influcncu as the avctlon 
nioVeH forward, mi that by the time It rcachea A It b 
Numewhat to Ihe left of the iwidtlon It would have occu¬ 
pied If the foree were nut ucUug. The whota clreum- 
foreuee bciiig iioIhI u|niii In an snubgona manner, the 
result b n Hllght Hlipliig or ylelillng of Ibo whole wheel 
to Hie force iipplleil iH Hie eml of the axle. 
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The three fiiniliiiiieiitiil phimemetin of gjnwenple iic- 
Ih.ii. niiiuely, gyro ri'MlKlII1111'. i riniMliin, and iiiitntloii, 
mipcnr IliereforetiN |iTrii-H.i lailiinil pitiiIn Hionnigfaly 
III iiiiiinl wlHi iiniiiiioii i'\|ierlimiv iih wnhi iim we liaik 
111 the rliii of Hie wtiii'l in Hie ilniiiliiHiit |Mirt of tb' 
iiiii-liiiiilHiii mill I'l'iiieiiilMT Hint It lx In niplil iiiiiHoii. The 
IJilii-Holiiii In II iiiiitliiiiiniN ili'thi-Hiiii or ‘'gliinriiig off" 
Ilf the lairHeleN iiiniiNMlng Hie ring. Hie g)ro-resiHtance 
|v the rexlHtniire iiIwii.vh eneiiiiiileretl when a rapidly 
moling Imdy b turned mil of Iih emirNe, and the nula- 
llmi |h the rlliniHini wlileli nmlb fnim a blew or 
pniwurc Hiidilenly niqiUed In a yielding buly. 


Color Pbotocraphj 

WHikR prngresH b biing inado In tlin teehnjqud of the 
pruduntioti of eolorbl iihnlogmplu, the reproduntion <if 
phoUigmpha In natural eolors, In tho itrint oenwi of the 
phrase, does not appear to advanne. Yet tlic progreai 
anhhivod in eolnr photography must not bo under-rated. 
Uiaooursing nn "Clolur Phntography," in two loeturcs 
deUvored at the Royal Institiitlan at recent ineetings, 
Pwf. W. J. Pope, F.R.H., of Cambridge, was able 
lo exhibit many beautiful abmlmims, and lo point out 
that Urn art b rendering valuable assistance to snienoe. 
Dr. Pope eon&nod himself to tho general features of tbs 
problems, without ontoring ioUi tho chemistry of the 
profloasoa and the Intriesoies of the tmihnique. Tho 
pmhbvn of photography hi natural eoliire presenb Itself 
under two sspeeb, that of tho artist in blank and white, 
and that of the eolnr artist. With regard to the latter 
aipect, Ihtif. Plipn iMiiutud out, the dlffleulty was that the 
eoior appreniatinn of the oyo dilTcred from that of the 
phntographlo pbto. Tho sensitiveness curve of the eye 
hod a high peak in llie yellow, and did not extend beyond 
the vinlel; the Honsilivenusa of the phohigraphie plate 
was almost outshlo the range of the visual npnntrum, and 
did not niaoh the yellow at all. Thus on a blaek'«nd- 
white photograph of dalfmlils lihii diwp orange-yellow 
of the heart of the flower name out almost bloek, whib 
(he pale ydlow of tho petals apposnsl nearly white. 
Forty years ago Vogel hod shown how the addition of 
(wrtaln ooloring maltors (sensitisori) to the emulsion of 
Aver salb wnuld render the pbtii more nrtho-ehroraatic, 
and Abney and ntliiws hatl oarriod those studies furtiier - 
so far, indeed, I'rnliably. as wo oould gn in this dironlion. 
The snnidllveness oiirve of the Jiani-lirumatio pboto- 
graphlo plato now nearly emliraced that of the human eye, 
but the poalci of the curves did not oolneiile; there was 
(on mhoh Mne ln(eniiity in (he phetographio image. To 
comet thb defect, Kdnr hod interposed a yellow screen 
In front of the lens, which stiipissl I lie blue rays, and, with 
the aid of ponnhnmiatio plates and of nnlur-flltcrv, the 
effeeb'Of eolors eould now bo rnprndueml in monoehromn 
with fair fldoUty. 

The foundaMea upon which the rnproiiuotion was based 
had bnon given by Clerk hfR^’rell in the Royal Institu- 
tlqp in 1861, though Maxwell’s results, obtained so long 
bMom the days of ortho-ohrnmatin plahia, wece poor. 
The pdflelple was the Uiree-enlnr theory of Toung- 
Helmholts. The light bad to he split up into Its parb; 
cash part hod to he photographed separately, through 
ssceens of bhie-violet, green, rod, and tho posltivca 
had to, be snpoposnd. When light was smt (in the 
deoMliSliatlon) throogh semens of these ookirs, and throe 
dlAa in tbew eolors pcojoetad, the overlapping three 
enlors jgnvQ white, while (ho ovariapping nd and green 
IHynjAViw, the tilns-viplM and rid together gave pink, 
.a^ th»:l]|n»wfelet and gnen gavn a aky.d>lue; these 
Fin addi^va eoldr tfleets. But when light was sent 
theomh disks of giaas stained with fhass latter «un- 
slaMtalnr oolocs. or when diaka wars painted in (ha 
eplqn, 4o as partly lo overlap agata, ths 
, thM'dilMF Wpi^Flhva Uaok, the akr-Uiiii and yaUow 
'. ^i jp y tha ptak, Htd .ahsMihw cnva bfauNVlolat, and 


the yellow and pink gave red: those wore “subtractive'’ 
flffoots. White light sent through transparent screens 
of the union in the last instance would, of course, appear 
in the eomplcmentory eolors, and the black spot would 
•hut out all the tight and would, themfore, apimar white 
on the negative. To work on this inrinoiplo oumplicatnd 
cameras providisl with three lenses were not nuuded; 
a plate wss exposed behind each of the Alien in a camera, 
as it would Indeed bo diffieni to uk one camera with 
throe leniNw, since tho three negatives would not he taken 
from exactly tbe same spot, and would nut quilu ooinolde, 
therefore. Transpareneies from the throe negatives 
were illnminated by tlioir osm colon (i. o., tho photn- 
gnph taken through a red soreen was illuminated hy the 
light through Uie same rod Boroon) and suptTposed. But 
when prints made from these negatives were to lie super¬ 
posed they bod lint to bo oolored In the cempbniHnlary 

Tho Du Hauron, Tvos, Hangor-Bhophord, and other 
processes were Isisod upon thb principle; they gave 
oxoellent results, but the supertssrition required very 
great rare. Ileneo other prooessn hsd Iswn trieil. 

Nearly 30 yean ago l*rirf. Joly, of Dublin, introduced 
a new inetliod. He nilod a gloss plato with a series of 
parallel lines, red, green, and blue, nipeating tho colon 
in tlio same sequenee all over tho plate or screen, vhinh 
was then divided into One stripes of colors. This win<»n 
was put in front of the plate when the phoUigrapli was 
taken, and whim tho oontoct transparemiy from the 
negative was exontinod tbroui^ a screen in ■•omple- 
mentory nohm, the colon eame out very well, especially 
the whites; the greens were less salisfaelory. Ou the 
nriginol plates of Joly, exhihitod by Dr. Pope, the arcens 
were had; but with modivn sciwos, which with nihil 
in very line lines and flttcfl with means for Mi-uring an 
exeellont register, artutin effeeb were nmUt<<d. The 
horixontal or vertical stripes were faintly visible, however, 
in the magnified projeoted lantern images, unh>ss the 
fneusslng was Inlenttonally s|M>iled lo a slighl extent. 
Tho stripes oould siiceessfully he replaced |i.\ Bqimres in 
the throii oolon; but tlw exact registoring n'liioiniNl a 
dlffleulty. 

The autoehrome prooess dbposnd of Uiis difflculty. 
In these the oernon was ponnanently attached to the 
phntographlo panchromatic Him. and remained In con¬ 
tact with It all through tho photographio process. F.ir 
the strips or squares or regular geonietrieal patterns of 
the former proenaaos. grains grains, dyed in Hie 
three oolon, wore suhstitutwl. The grains, dyed nsl, 
gnsii, and biuo-vlolct, and jiroperly mixed, were uni¬ 
formly distributed over tho plato, rolled into some 
adhesive suhstanee, dried, and then coated with the 
phntographlo Blm. The plato eonslstod of very small 
patobM of nd, gnen, and blue. Tbe plato Itself looked 
whitish; the magnlfled proieotion showed the eolored 
patobes in imgutak irraugement. On exposure, light 
would pass tbfongli the gtess front, through Ihe storoh 
grains on to Um searitised flln. Only red light would 
pan thtondi»grain, Um other light being stopped, 
saw weuU UMrsfoTC be deporited undn tbe red pateh, 
wnr p"stdiiig to » nd «ot ia Um obieot, and (hs qwt 


wouhl appear dark and opaque after devskipment. 
When IMh mwativc was held up lo the liglit, little color 
would he visible, because the rays would now he stnppeil 
by the dcisHutnl silver; this silver had bcnni to lie rv- 
movisl and reversal elTixiled. The negative would then 
lie ex|NMSil to light to pnMliiee a positive, which was again 
develo|>ul, and the ixilor showisl clKorly after the second 
dovviupnient. Each photograpli gave only one print, 
however. I’holngraphs of flowers, scenery, portraiU 
in gay colors, reprofhielions of elaasical pictures, oto., 
were cxhilitUNi to show the Is'outiful elTneb reolisablo 
l>> lliis pron ss. On thi' white iiarb of the imagm wiuie 
colon'll spoU miild generally Iw distinguished by dnae 
examination, even in thi' not-magoifliNl mirror images of 
transparencies. On the nt her hand, the gbsw of tbe hair 
and the iridcsceni'e of hultirfly wings with reproduced 
with remorknhle fldclilv, though the iridcseenee might 
not eiiianaU' from the same N|H)t m the original (sliown 
by the asl of an epidiasmis') and the iiliiitographs, since 
the angles of the ineiilcnnc of light wi'Tu not the same. 
Prof. ri)|M' ilh'W iHirliciihu- attonlion lo his phuUigTaphs, 
uhbiincil by the v annus iinsiHscs alluded to, of |iath»- 
logical ohjiH'ts anil of microscopic sections of ris'ks and 
nrvHlals taken hi'lwii'ii niml pnsins in pobrixed light. 
Tluil the colors of Ihii stainisl )iulhohiKinHl iirepantiona 
wen' not alwavs quite faiHiful did not iiiulter so much, 
bi'caiisc the chief isiint was, of course, to bring out and 
to flx lor fiitun* nMixammulioii all the details rcviwicd 
by the micnisnoiic. The amazing complexity of rooks, 
like gniniU’, didi'rilc, etc., was folly brought out hy 
polariznl light in all its linlliaiiey of colors. 

Is'aving lecliiiical ilctads to soine fiiliirc oeeasiou, 
I’rof. I’lipi' nienlioniil in tils conniusioii Hie attempts 
iiioiie lo do wilhiiiit coIiuinI screens of any kind. IViif. 
Wisid hail nblnini'd some hiiiinhs with gralingli. When 
the dilTracliiin siNi-lnini of a grating was Innki'd at in a 
imrlicular ilin'i-tuiii, soiiin purliciilar cokir was n'cii, 
which ili>|s>ndi>il iqioii the incii|eiiii< and on the fliieness 
Ilf the niling. When Hini' inetiin's wen- lukeii through 
gmliiigH of llinii ililTeri'nl degniH of llneiiess of ruling, 
eolnnil photographs iiiiild Is- nliiainiil; they were not 
suitixl fnr pnijii'Moii by the laiilem, but iinl.v for indi¬ 
vidual examination. Tins nielliiKl iiiiglil Ih< perfected. 

A furtliiT development in phntographie iiihir pnaiiiscs 
was uxliibitoil ut the Itoynl Plnitographie Society on 
Tuesday lost. It is known ns the Kmlnehrome proeess, 
and nonsisls in making two negatives of a siibjoci through 
nil and gni'n light flltiTs; the plabm, after development, 
are bh<aeheil and stained, the one with a nil il.ve, and the 
other with n green mlor. The plales Hiiis obtained are 
clamped togcllicr and viewed as a Iruiispareiii'y, very 
htAUtifiil n-siiltH being nhtaini>d,~Enipnecrtn0, 

Reusale is very extensively used as fuel for the motor 
trsnsiHiris of the Heniian iirniy, and Immense quautl- 
Hi'h are n<i|iilnxl. It In reiwrled that Ibo AtsumlaHuii 
of Hennan Iteiixule Muniifactnreni of IlocliiiDi bos oiu- 
traded with the gnverumeiit for the whole of Ita re- 
qnlremenlH. In the Hortmund diutrlct It Is Mid the 
coke nveiui urn still pimlndiig 6,400 tons ot bnuiole a 
maatb. 
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Mta.M ttf |im of olMmtipii. wd thiu tMii. 
Wiltir lOeoMod Iv tlw pIntoiMpbie dtrlo* te- 
obOTo, Ooi^utaK ttao mpbo am obtaUMd, 
nd o« « io hwirt lfc potat kp potoi; cnrrw karlnff for 
aad.oc^MtM tbo rwalti drtooid tma tlia 
■'ii w iBi nt i oC tho tm pwxliiliw, a corn wta obtained 
, »Ugb aepiaa^aa the dlaplaeaiiMotB wbloh vonld a<rt- 
pa^ gpm la tbo and of a plaiiib Uno under tbe 
edbet «d the Jnbolar attnctlinai Tbla cnrre wae 
aoaa tw etad fbr aadi dap, and the ronilti ware gmuped 
la pwtoda of ntnaty dapa to give trimontlilr moaiw. 

B/ tbia DMana It wan poaaUde to obaarve tbe exlatenoe 
of a daOeOtloa of tbo rertlcal In tbe dlmctlon of tlw 
■wtUlOB aBNiontini to onaOra houdredth of a aiii><titd 
of arc. Horeover ttaa triniDOtbly maana abowed the 
amplttode of tbe oaolllatlon to bo only half a* amt 
Ui Winter aa la Bununer. inwa we aro rJoaily foii- 
frentad with tliarmal cffecla, tbe canno of whh-b l«, 
aa f Or eaa a ii, tbo mperlldal beating of the gmrod by 
tbe raya of tbe am. Tbe effecta of aurfa dllutalliNi 
■teak wanplotoly tboae of tbe Inniaobir atirarthin upon 

h baa bean poaalMe, however, to And ohtwrvnrloual 
ottdeBoe of tbe latter, by taking Oi'cnnnt of eu enaeii- 
ttal fact Tbe period of thermal artlon la twenty-fimr 
boatn, or diomal, while that of the atliovtive notion 
of tbe non la twelve bonra, or aeuldlnmal. Tbla bil- 
lewa from the foot that the aolar attraction In eici^ 
daed In the name manner when tbe atm im-nplen either 
of two aymmetrlcal ponltlomi with reflect to ■ given 
diameter of tbe eertb, and tbla occiin twice In twenty- 
four bonra. By 'combining, two by two. the valnea 
of the dedecttMUi for each hour, and taking half the 
anm and half tbe dIffereiHa of each pair, we nlitaln 
tbe dealred remit; for. In tbe half-aum, tlie tlicrinal 
effect la natarilly ellmliiated, alm-e It hi mual bnt 
of ofipcialta alfft for the two b<nmi In queatton, while 
tba attractive effect rnnialna iinaffected. fin tlic other 
hand, tbe tbennal effect la given by the hnlMIffareure, 
while tbe attractive effect dlaoiipeara In niiuinitliig 
the Inuar action, the aeparatlon of the two effn-ta la 
ef.aler, owing to tbe difference of fieriial; tbe lunar 
period la M boon no mluntca, aa couiimml with tbe 
za-bonr period of the onn whldi givea tlie thoruiil 
effect 

One cannot bat be auwk by the almllarity of "ob- 
aerved" curve* to tbow calculated by aalllot. There 
la< bearever, a alight dllference between the two aorta 
at curvea, The oboerved enrvea have a amaller ampH- 
tnde tban the tbeuretlcal curvea, and thbi dlnlnnUun 
of nmpHtade la ibont half aa great In the dirrctlon of 
the meridian aa In that of the iMrallel. The dined 
loop aeen in tbe enrvea eomapMidlna to high northern 
dedlnatka of the moon la due to the fad that the 
Innar tbtal wava haa two dally maxima; tbeae maxbna 


art aaoal If the moon Uaa to tba ploM of tba eqnator, 
Bnaqnal if It Ilea noitb or oontb of It; and the further 
our antolllto lloa from tba oqnatorUl plane, the more 
praumuced la tbe toequallty. 

The oondoalou to be deducod from them admirable 
expedniaiita la quite deOnlte; Onr oartb, cuuddered 
aa a whole, p uaa a aa c a a uertain elaatidty, of the aanie 
order of magnltode oa that of atoel; I. o., oa to the 
defonuatkina It undergum, the globe behave* nearly 
tbe aanie hi would a giube of atoel of tbe Mine 
dlmeuMluna It la moat liitercatlng to Aud that a con- 
alderatlon of tlie oivanlc tldaa, tbe oilgratlniui of the 
tcrrcatrlal pubai, and tbo prcccaalunal and uiitiilluual 
uiuveuieut* of tbo earth all lead ua to oaolgn to the 
glebe a general ulaatMty uf about tbe auim- nnler. 
Tbla la n reiuarkablo coiiAniiatlvn of tbe early lileua 
of laird Kelvin. 

Tbe Mudy of aelauilc pbeuniuena liaidi ua to an me 
nliiguua condualon. Tlie original abucka wbb-h give 
rue to earlliquiikea are. indeed, tniiiauilttcd In iwu 
dlffcreiit woyi; via., thmugti tlie cruat, and tbmugli 
tlie tcrmitrlal apbcrald a* a whole. Tlie iiropagalluii 
tlimngh the cruat take* |ilnrn iit varkiiw apnabi ucconl- 
Ing to (he nature of the luatcrlal, and nnigr* bet wren 
ino and MM meter* per MMViid. The latter aiaanl la 
iwldniii exccedeil. U la theoe uioveiiieuto In tbo cruat 
that caUHU the fold* and crevaoMaa often ohacrvial after 
aelainic pbcnuiueiia of great Inteiulty. (In tie- otla-r 
bund, tlm pruiMgutkm uf (ho mnie alioeka tliruiigli tin* 
glebe aa a wliule take* place much mure rapidly. Wlaai 
a atrong eartliqiMke oeeara at any lailut on tlm eaiUi, 
Ibe iiMiat renaite nelMnulqglcal olaiervutorliai—lilatniit, 
for example, (UM) to gjUUU klkamitcra from tbe (id- 
renter—am notldLal of It witblu a few iiiliiutea by the 
(llatniiaiiice of tlielr udonMigraplMi. rtniiipnrlng tia* time 
uf aocli reglatmtlnn with tlm aetual time of taa-uc 
n-nre at tlm point of origin, mul taking aiiaiunt of 
the dlatanee, we Itnd that the proiMgatloii of the ahiM'k 
through tbo earth take* place at n ojieed nf in klln- 
nirtcra fa>r aecuml; I. e., alwut fiOO llinaa tlm *|aml of 
Hii ezpnan tralu. 

After the Ant rcglotratlon. It la fonnil (bat, nt tlm 
end of ooioe mlnutea. the auiamngraiilw Imgin to Iw 
dmturbed and to regMer again. If, aa In tbe previnna 
cnae, we cuiuiure tlie time of till* accond reglatrntlun 
with lliut at wUk‘h tlie iibeuunieiion really occurred, 
WL And Uwt theae new aeiainic wan* have inivelcd 
with H *|a<ed which la. In tbla mac, not 10 hut n 
klkuiuden |ier atavnda; I. e., half thn H|im)iI of IIm< 
funner mrle*. Now llM> luatlwmatlctil tlieory of elna. 
tk'lly fumlaliea a renwrknbbi cliei* on tUcac obaiTvii- 
llmu. Thia tla-ory, wlik'b. It ahuuld be n>nienil*>inl, 
la baaed on laboratory eX|k>rimenta. tmclie* tm tliiit 
If a aiMblen ahock occur* at any point In an elaatic 
R|ilM>re it will be tmnaniltlcd to tin* wlaile iiina* In 


tbe form of wave*, kloreover, tba abock glvf* riae to 
two dialluct aerlea of wave*, of whh-h one acrioa la 
tmomiiltleil at twice tbe apeed of tlm otimr. 

Tlibi la exactly wbut our uhaervutlnna hImiw In the 
caae uf aebnntc abock* trammlttnl tliruugh the ter- 
nwtrlal globe ua a wlaile. Moreover, If we liilraaluee 
Into our foriiiubi for elnatIHty tlm dubi of aubmHilog- 
kill obeerviitkma, the nnknown quanllly being the gen¬ 
eral elaHtlelt) of the earth, we lliul for lla> latter a 
iiuiiicrldil value of tlie name unk>c of iiiugiiUude aa 
tliut Ilf ateel. Here we linvn ii iiingulHivnt (laiflriiiH- 
lloli of tile (beery of elaHllell.i, mid nil ndiiilraldu 


illatuime fniin tbo aurfaee i 
iM-eii led to naalgii to tla* iiin 
nnw of from l» to TO klb 
drcilrli iNirt of tlie mdluM ■ 


deiialty of wlili-li im 
ibniHlIy of tlm aiirfini 
iilmiil ;!.ri. In iinler 


Ilf the Hirlh. Hi'Inw llila 
rhilH llH> reliillvely high 
lea for tlm relallvel) hiw 
, with n NiHi lth- ileiiHlty of 
lie geiieml diniaity of llie 


lug fliilii filHkiii wllli llie ehiHlIelly of the gkilM', wlileh 
we have round In Ih> nmipariihle to Hint of alrel? 

It la only iiiai-aunry. an l.iipimn'iil Ima pointed out, 

rIalM iiinKtIliiling tlm mre of tlm earth are mihjeclnl. 
If the earth wen> entirely uniiiimaal of water tin- 
prcaaurv nt Hit* iviiler would Im inore llinii ixx),iax) 
iitiiUMqilienai, Ah IIh deiiNlly la f>‘/, tliim* flint of 
niliT, llie premiin- nl IIn‘ uniter iiiiimI Im> more than 
il,UI(Min<l nliiionpliereM, Now wc caiimit, from onr Inh- 
oiiilory eximrliinailM, tlH> iiniat during of which linve 


Cavp E^tfaecriM—Wiler PBiUeatlra 

Wn bear oo much of tbo work of OHCliankal and ekm- 
trlcal aagtoeera In cumwctlon with tbe war that that of 
civil nngineera does not alwaya receive (he appreciation 
It daoerraa. 

Tot. where would our brave troopa be, at home and 
abtoad. If they wore deprived of the rcoulte of the 
ahtited efforta made on tbelr behalf hy nutirliig engl- 
neeM to Inoure that their campa are well plaoed and 
am oanltaiy; their water anppilea good (If not alwaya 
aa a»^ aa might be dealred); and their communlea- 
Uona—In the idupe of rondo and hridgee-properiy 
DMlnUlnedl « 

lairfo muttbm of hlgbly-tnilned mnnldpal, civil, and 
other euflueeni have gono to the front, or to the many 
campa iip and down tbe CMUtiy, there to give of tbe 
beet at their technical knowledgn and experience. In 
oeder that Uda may bdp to make tba life of tbelr com- 
rndea to anna anfar, plaaaintar, and more eomforinUe 
In ev«7 wny. 

Aolr ear mddJen are provided Ip eartoln ennea wlUi 
•totoUe nppHen of drinktog water to.tn totoreattag and 
taHiOttnnt c wi aiae r a H oii. If ■ town Ahpply be avnltoMe 
the problem la, of eoanwt a olaaple one, It merelT bring 
jumaggry to lay pliiaa of adequate oeetlon after making 
' ootok l9 bncterlolaglan] esamtoatlon, that the quality of 
tte UMbdiid oaplily la gbofa mopleiaii. Very (reqaently, 
botturep, n oimp hoa to depend tw Ita water oupply on 
h river or • Igka. In ooA a cue tbe aonatrnetiott of 
ttten la a drat nae re ri t y. Ibla 'paxpoae barrola 
dUod with Attoring media are oftw omipbvdd. Over the 
holtam.or (me of a pair «( barrola, eoanaetod at their 
■mtf hr d rtoit pM riTiMtie, a iierftiMted metal 
thtoMevanly maced kyera 
ijbWikaitoriieoChri^ to «Mtaeal,e6aflto MBd. tad gKvet, 
ttot todUtottrf waim hqtag pohnd or 
/'iNiifi^'eriW'tia agMlKto AC the tottor, which la a toot 
:,-#,a»'tid^-W'a<yauC.^ hanri. '’Altar rweotottod 
' - Wliiill'^i'atldim thawaito, now enwi td a ra My 
tto-eowe^ tdPd mb' 

it.iiatoaptato 


Hnoecfrirely layer* of oMiwe aand, charconl, and gravel, 
from the latter of which It emerge* free from all nuil- 
ter In anopcnirtoD. and ready lo be drawn off at the lop 
at the Iwrrcl fur drlokliig or culbiory puriKjae*. It la 
mwamed, of courac. that the water did mu orlglnBlIy 
cuntatn any dlaeaae genua, wbicb, naturally, raaiiut Im 
renwred by duration, though HUlMaiueiil hulling ta gen¬ 
erally elllcacloua aa a germlcbfatl pngteiiH. 

In eainp Ihe iWHiliun of the muqtlle* nf water for men 
niid horoe* la nanally ludicatcd by colored Auga; IIiiih, 
white mean* drinking water fur men, and hloe for 
hnnm*. while doubtful water (anllahle imrliaiw fur 
waahing panmaea) la marked green, red Imlbnlliig |*il- 
luted water. 

The locality of a camp la a matliir tor llw tteneral 
Staff to decide, bnt to cboiwing It* exact imNltlDii the 
engineer might well be oouanlleiL He eould liidleate, 
with hU knowledge uf anbeollit. the drleat api« In (he 
vlelnlty that wa* avtnahle. He would ahw aoe that the 
Dumhanlcal tranoport vahtcir* were parked In aa good 
a place aa could Im fnnnd. and were not ollntted oome 
out-of-the-way marahy AeM, where there wiaikt he ron- 
otant trouble occaoloncd at atartlng, and hy tbe tdoklng 
In of vchiclea. Oood road* erv a uecewdty to any camp, 
and here we may my whet a laiom haa Imen Ihe pato! 
ot northern France and Helgbiro. In lime* nf pmeo 
puweiMirtvm rebiclen avoid IImw paved rued*, wllh 
tbelr abockligly nneveo Ourfaern like the iilagne, all 
read moiM maiktog pmhI very elearly. ao that It can 
eaally Iw avoided. But in winter warfare tbciw i«vcd 
roado. built on tbla ayateo from time Immemoilal, are 
a boon; for though they do hare a decidedly had effect, 
owing to tbelr Irregular eoutnur, on the machinery of 
tbe hMvy vchlcloa uring Itana they enable pragiw to 
be made, wbereao, twi for them, tniwit would have to 
be eondnetod through a qoagmtreL ThIa fat ofteo tbe 
caae even now on read* lining up to the front and to 
targe campa and atotv* depot*, fbr the peed to noually 
Mdy wide eMOgb for one vrideta^ bonee when troopa or 
vebletaa ootalag to an eppnotta tUreettoa an paooed the 
impavad rida c( ti|t n«d haa to ha wod-eften with 


Electriflcation of Watrr by itplashing and 
Spraying 


Ih dlHtllled water, nnil two nietliiHiH are iIc-htIIhiI fur 
breaking II up In ciilnri nllh (he nlr. (1) by xpInHliIng 
ngnliial on nlrhliiat. C.'l le HiirnjIiiK. In Ihe Arst 
melhtd dn»|» arc alloweil li> fall Into u Ktnmg hnrl- 
niiilul air current Kiieli drop In Hlinttereil hy the hhiHt 
Into H iininlmr of vnryliig nlxe. iiuil ii rciii);li »irlljip mil 
la pffeetnl hh Ihe lilgBi-r ilreiw are cnrriml fiirllliT iiNlile 
hy the IAhmL Tlie <lnir»i clileAv UMed lire Ihe line iitii-H 
whirh enter a iiieaHiirliig viiea'l plan'd directly under 
the drOiqier, oh llieHe are bilrly nnlforni In hIw. Torln- 
tliina In nloe con Im Hilalnwl hy nltering Ihe lu'lghl of 
■ he druliper or the Htreiiglh of tin' nlr-hliiNl. In the Hcc- 
oiHl netluNl an nnlinnry Nceiit Himiy Im nwil to form Ihe 
dnii*. McaHiireinentH ore minle of (he eliargc earried 
III the reeelvhiB veanel. the volume nf water, and (he 
niimher of (ImpH which enter It (bIvIuk ihc mean hIxo 
nf the drop*). It In found that the chiirge, W, |mr ei'n- 
lliiieter’ of water IncreaneH wtlli n decnuHe In the r.i- 
ilInK r of the dniu H - - I'/i when- *• b* il cmiNtiltil. Thin 
rwniU la explalmil hIiii|i|.v. oii Ihe iiKHiiiniillon Mint Ihe 
ebiirge on the wnter Ih pniimrtlonnl to Ihe area of new 
water Hiirfnce iTenteil when the diniw nre foniieil. Moth 
vnothoda give good ngreciiieiit III Mu' value of Ihe eon- 
alant. Tht« air drawn from the apwycr wnn cxaniliNKl 
to And bow tbe negative charge Ih eiirrlod and II waa 
fOuml that the air contolned n iiiiniher nf Ioun nf IkiMi 
algna (exceoa of nogntlve), ranging In mobility from tlm 
large Ion found hy Lnngevin lo the ordinary ntnioH- 
pberte Ion. It 1* pnitiahle tlint the nxrewi of imgallve 
charge to the air la preuent mainly a* atnall Iona. 





































































I N uar«l Luait dutuuiie and artllkry opmUoiu aev 
aral typai at explosive etiella are uited the ililtt oimm 
are the amor ploicliic abella made to pleive armor 
{date before explodliig, shell exploded by mean* of a 
tlialiig fose, ab^ exploded by either a timing or per 
CMiloii fuse, and thelle exploded by ptrcaalon only 
Bach different abell baa some deQnlte fonctlon to foltll 
and la darigned for that purpose tor Held or artlUery 
opetatloiia, the abiapnel and lyddite are the two prln 
dpal types osed Of these shrapnel U the most promt 
nsnt, beeanae of Us enormons destmottve power and Us 
Intenstlnt meehanlcal coostnictlon 
The shiapoel sheU was Invented In 1784 by Uent 
Haniy Bhiapoel, and was adopted by the BrltUi gov 
anunant In 1808 As la abown at A in Fig. ^ tbs lltit 
■hell was spherical la sbape and the powder or sxplo- 
dvs dtargs was Blxad with the bnllets Altboogb Ihla 
type of shsU was an Unptovnaent over tbs gnvs and 
osnlatM prsvkmaly naad, Its action was not altocsther 
aatkfaotory, as tbs abdl, on bursting, projected the 
bnUats Ui all dlnottona, and tbsre was also a Uablllty 
of pramataxa aiploslon In order to overcome the de 
fasts lasntloiisd. OoL Boixar (R A) separated the bnl 
Ma tma the busting charge by a sheet Iron diaphragm 
u Shown at ff in ng IL Tbla shall was oalled a dla 
pUagm shall to dlffOrmMUto tt froas tha lint aheU of 
thlaim 

St tha iball mada by CoL Boiar, tha load baUeta wara 
hardanadbythaaddltloBofantlMiay and u tbo barat 
Uff dmno waa maall. tbo ahoU was wusksned by oat 
tlai *a» gAWVoo aatonOng bcm tha fhae holo to tbo 
oiMsIta ddo of 1^ abdl. BboUo of qihulaol ihapo 
^ flat find oM of plate mmd gana, and npoB tho 
advaat tt tea fUsd gnn tt wm B ies uT te add a dr- 
aahii laah whU waa laada of wood and eovarad with 
stoat Mteav steal to taka tha rldteffgioonn Ihadiat 
' >A»Shti and m ai tiiH au mgs ' ia m t Sy eoutmy es irm 


■ihrapotl Hhelle wen. made of cast Iron but a later di 
tdopmont was to use toogbened steel and elongate tbu 
Itod} rodoolDg It In diameter Ihe diameter of the bol 
lilM waa aleo rodoced ao that a greater number conM 
1m eootabied In a allgbtly smaller spare 1 be Improved 
shrapnel a as also cuimble of lieing ni)re acenrately 
directed 

Hhrapnel abells as naed at the present time by tbe 
different gotenimeuUt very allgbtly In conatmrtlon and 
general contour as well aa In the conatitnents entering 
Into their dUferent mmnbera As shown In Fig 1 a 
completed abiapnel eomprlaea a brass eaae carrying a 
detonating prlmar and the explualie ebarga for propel 
Ung the projectile out of tbe bwe of the gnn Tbe pro 
Jectlla Itself oomprleei a forged abell that carrlee the 
lead bnllati and bnrstlni charge Semvrad Into tbe 
front end la the combination timing and percuatlon toae 
which can be eat 10 gs to explode the shell at any de¬ 
sired point and from which the dame for exploding the 
bunting chatgo la conveyed tbcougb a powder timing 
train and a tuba filled with powder pellets down tbnmgta 
the diaphragm to the powder pocket 

Of thwe nMmbers of a ahrapoel the shell and timing 
fnae present the moat Intereattng fnitnrea from a me¬ 
chanical atandpolnt The ebell used by most govern 
ments la nmdu timn a forging, machined to the deatred 
dlmcMteM In band and erml sutomatle turret litbee le 
well UB 111 ordinary angina latbae. Tha foae • complete 
duerlptloa of wUA will be given later la an extremely 
aoourate piaoe of meefaanlmn and It Is largriy prodneed 
from screw machine puts, some of which hewever are 
forged prevUma to maeblnlng Tbe braae curtrldgu eaee 
—tbe next member of Importonee—le drawn up from a 
bnsa blink by meesMlre opintiima In drawing p rs mus 
ind b tedaetad and budad FoUoarteg tbb, lereral 
opvnttot cn tha band ud prisser poeket 




HH the high exploslvi Tho common shell Is a base 
(liari,rd slirapnel fitted with a comblnatloo fuse 
whiress tin high exploelie shill ts fitted wlUi a irmbl 
iintl n ruw end In addlth u with a high ezploshe bead 
the luad also biirsUng and fljlng Into atoms u|>oo im 
I net I lie high explosive shill Is not ruptured u|ion the 
expl/sloii of the bursUiig ibarge In tho base but tbe 
bial la forced out and the bullels are shot mil < f tbe 
ruse with an Inereased veloilty In tbe meantime tbe 
head (oiitlunes In Its flikht and detonates on Impact 
Ibis type of sbell la not used quite as extensliely aa 
Ihe common shrapnel and for simplicity of desiiiiittun 
the Comm m sbrapni 1 abell alone will be token up In tbe 
following 

Keh leiire to Fig 1 will ebow that as tor ns tbe ion 
sInKtIiii if the sbrapnel shill and case Is looccrned 
there Is iiiv little dlllinoce in those emploied by the 
>sr1 lUH gniernuieuts Stoittog with tbe case It will be 
Hcin tbal IbiM an almost Idootlcal except fir length 
and the airuiigimeut of the bead for carrying tbe de 
tiiiutiog prlmir Ibere la a marked sUnllarllv In this 
respect betwein tbe Knmton Brltlah and liprmaii and 
between the Aniirtinn and brench Tbo form of the 
explosive charge held in the braiw case dllTeni In almost 
eicry instance but witbnnt any exieitlin smokeless 
powder In somo form or otbir Is need In thi Amertian 
abell Dltro-cellnluHc powder composed of multi perfo 
rated cvlludrkal grains each 0J8 Imh long and 0180 
liieb diameter are used In the Rnaslan case smoke 
less powder of crystolllne atrnctnrc la naad In the 
(.irman smokeleBa (nltrocelloloai I powder te long 
atkks and arranged In bnndles Is held In tbe eaae Phe 
b ranch use attek smokelaaa powder ^ mllUmeter 
(00100 Inch) thick by 1860 mllUmeten (H Inch) wide 
Two lengths or rows of this (lowder are arranged In tbe 
eaae Tha Brltlah naa a amokaleai powder of eryatol 
line atmetnre eomewhat almllar to tbe Rnaaton but In 












lh(> i)h|4MiiiIIi k kki iiIi or ] rlmtr beia lu tlw beid ot 
tlH oiw turliw III iliiiMl iMM Dili Ilf HhmiuMl I'mc 
lliAll^ ull iiilini IN uii I Mvl liil ullli HUfilv bwilM wi 

that thi Hbiapiiil ran In liiimllnl wllliijut ibrnRir if 
linnuilnn i xpliHloii I In iiliJiH i f nnim of I hr di to 
natliiB aBiiit >r iirimir In li arnd olT tho laploulte 
rhaiKi III the thill f r pnptlllmt the ahmpnil oat ot 
thi n III Klin 

I III shill ItMlf us proiliNwD nHntlonrd la made 
illhir fi nu a fir^liiK or fniin Imr Rtork I oigliitpi 
htwiiir an usisi ti> a fcnater islint than her fitaek 
braiii>« till forKisI ahdl la mure bomomumiiu In lie 
sirii Inn Ilian Ihi Inir Mtmk iihill and iiliduK n mrl 
iHiN hjistliii In tin Inn Htiik nImII— la pntlitly dim 

llUltlll 

11n sht Us iiMsI by tbi Itrltbili RtiMlui und (lemian 
KowriimintN am maili almiMt ixilnalielr from font 
li KN ixhrmiN those nard h\ Ihi Iremh ami Ximrlcwi 
arc madi both from fiiri,tuMi and bar aluck When tho 
I rimh idiell Is made from her atork an atnUlaiy hOM 
In amacd In to eliminate any danger of plidnf Near 
the I nai. ot all shdla Is a nroon In wblcb n bronia or 
csippi r Imnil la liidraiilluilly Nhriuik Tbla In afterward 
roarhlned to Ibe denlrcd abape and taken the rlllinf 
KrwiiN III thp Run an an to it late the nhell when It la 
IwhiK • tiN II il I lu body ot Ihe hIhII limit la sliRhlJy 
Hmalli r than Ith lion In the Run and Uie riOInt band, 
lit rourw In targi r and la lomprrsard Into the rllUnt 
gronirH iIiiin rptaHoR the projectile and keepliiff It la 
a BtralRhl lint latirully during Slcbt Ihe buitlaf 
rhante vthlrh In practlrally all caaN la common black 
powdi r la carried In Ibe haw of the ahell and U nan 
ally InrUmod In a tin cup taieated aboro tbla In the 
dlNidiraitm whiefa la nard for carrying the lead bnlMt 


big 1 —Typea of ahrapael aball mod by varietM ntloao. 

I lit of tho ahell when the bwutlDR charge eaplodea nod all 
dlatrlbatoa them In a fhn abape In moat abella upon tb 
eiplodhiR the ncae blowa ont, atripptng tho Ibreadi tii 
that hold the meraluirN liRriher It will then ton he tci 
min that In the eipinaloii Ihe entire fnsc fnao haae »i 
tube dlapbrogm and ballets oie all ejectid tlie abdl po 
Itself aellnR aa a aecondary ennnnn In tbt air mi 

Ihe range of a Jlnih abrapnel abell la aboat 6000 ab 
vardN, and the muaah velocity of the quick Hrlng Held ac 
gtiii ranges from 1TUO on the American to 1 OiiO het 
INF Hceand on tbt RuaKhtc rhe dnratlon ot flight pc 
raiikPs from .t to 20 neciiuda When the bnlleta are of 
blown out of Ihe shell by the buratlng charge they are of 
given on locreaaed v<liNlty of from 290 to TO feet per cU 
eetond The vdoetty of the abrapnel at 64100 yardi la T1 
about 724 feet per aecoad Ibe number of lead ballcti fii 
carried In thi i Inch abrapnel ahells rangee from 210 to to 
■MU In all caeea tho lead hnllela are about K Inch In (b 
dhnmter weigh approslmatily 16T fliataiB and ate kept Je> 
from movlDg In the ahell I7 roeln or other emoke- ea 
producing matrix ba 

Itie matrix put in wltli the lead bnUet^ In addltloa fc 
to keeping tbem from rnttllng la nlao vaed u n tneer en 
It bi of Impnrtanco In flrtng ahrapMl that the pnotMoti fti 
of tbe exploelon be mainly area With Urge abalto tUa ab 
U not lUmeolt, bat with abrapnel for fleld gmm at Uof tb 
range certain condl li oo a of the atmovhare moke U th 
diflienit to ace whan tha Hbalt ootnally bnralh. Tirioni 
mlxlnreu are oaad to orerenme this dUDcolty In ooma (n 
caaea flue gialned bUdi powder to cm n ii fened In with «« 
tbe bnlleOi In order to give tbe deetred eOkeb In thi tb 
Qinnan ahiapoal t miztnrc at red am oephona phon- an 
phoiM and flne gnloed powder wUcb pnotaM ■ «iMa tx 
wuta dead of mnoke U OMd, and fat tbo Wmdfli, « w 
mixture of augnedom antliMmy ampblflt U «nA ka 
Tbe flwt fossa goad lo flaid a—mrtin -mm flhflcf M 
iTCo or ocnier Mmi fllUd wUh a dew tmtag «aMg» 


alUun Tbaee were acrewod Into a tgaa hole pcovtdad In 
tbe ahell, bnt Itairo was no maana for ragnUtlng the 
rime of barnlng Imter- abont the end ot the aoran 
tcenth centnrv—tbe fuse eaae woe made ot paper or 
wood ao that by drilUng a bole thningb into the com- 
pcoitloo tbe fnae could Iw made to bwn for appnxi- 
mately tbe deetred length ot time before exploding tbe 
aboU or tbe fuae cunM ba cut to the oertoct leagth to 
aOGompUub tbe Hme porpoae 
Tor a cuDsIdenbla time all attoimita to prodnae n 
porcumlou foar were nnaiieeemfnl Upon tbe dlamnwy 
of fulmtiiate of merenty to ITSli, tho ebUf lennlimnent 
of a petooaalon foaa waa obtotoed. Abont dfty yeua 
olapaed, however before a anUatodecy fnaa waa modn 
Tbe Ird perematon flaw waa known nn tbe FgttMM 
foan and comprUad n rongboad URI oorend atth dp- 
tonottog aiw p oeltjnii dmt waa rdetoed npen tbp dl*- 
tbaiga of tha gnn Wbanrilw dtoU Ut the ddrind ob¬ 
ject, the boU atondt ngdnd the tontr wnlto e( the fnae, 
exploded the ooBPPodtkm and powder efau^ IMa 
bniittog tbe abelL Than on U the paeat Uwp tMe 
pHodpal typen at flmto (n nan- tUib tbgne dipdidlng 
tm gu pnofun to Oh gnn aedlng tbpfaBit ec tbe tom 
tra»-tbk to a biMn foM, toopd, thflat tditot <■ |bp 
abode at dlaebuga ec tlw ntatkm od the duR te gtfl 
tbe paltot fr ee n eed to note dU bate fonoat IhM 


the eiMbtaMtca timlag flud ppMimtai taM id «hp 
agptoitin tptu nam on UfltoMitfMltodbtogM^ 
time eC ton* flto ^ tobdbfdM, Mik tod* bifid 
MWdrnfeMdtnt^ abi mud wfludm im 
knoito an ton diwIdnMiid M mA btoflM; W 
MtoPdonvip-HhbidiMb iSuV^bffftoMt 
nUgbtopndbtotoflafldfttbflMdtb 
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Fll. S^Fraidi type of comUMtiMi 


nt. I^atricai typ* of tomimti tlahig umd 

pi n—< !■ f— —d M ihrapaci iMbu 


of tba doablo ring of oomponi a on ihown U A nnd B In 
VIgi 8 li to gin n grantor lengtb of comiMHUloD and 


banknd fa— on tlw mom prindpto have 
but nt tb« pi—nt Udm hava not been Intradaoed. 

Tb« nanner In wbleb the eumbitiatlon riming and pM^ 
enricm f— la regnlatod to dlMharge tbe bursting 
eharpn In the nhrapiMl sbell la Intoreotlng and Involves 
oKtreiwdy dUDcnlt maths—rienl eahnlarions. Before 
going Into the method of setting the fuse. It would pruli- 
ably he ndvlasble to dasorlha httefly Just bow the fuse 
op—tea Am an euuuple of tbe dotilile-hsnluid fnxe, 
Pig 8 shows I 


along Ibe upper train it In a coun¬ 
terclockwise direction unlll the veiil 
H Is reaebed. It then passes down 
to tbe beginning of the timing train 
and bnrns beck In n clockwise di¬ 
rection to the posttlon of vent I, 
from vriilch It Is trsusmltted by Itao 
pellet of cunipr—ed powder In this 
vent to the powder magsslue J. It should ls> under 
Btisid that tbe annular grooms In Uie lower face o 
endi timing Iroln do not form complete circles, a aulli 
[sirtluii being left botwonn the grooves In the ends o 
each. This solid portion Is used to obtain a setting a 
wbleb tbe fnso cannot be exploded and Is known ss th( 
*^fbty point” An sbown In Fig. 0, It bt marked H oi 
the adjustable timing ring. 

Tho timing fuse shown In Fig 3 Is of Ibe couildnn 
lion timing and perensslou ly|si, and If (he wire fslli 
lo roliwse poreusHlon plunger Q In Fig 3, llie shell li 







Klg. i.—Knanlna type of combination timing and 


ng I—Orifftaal ritoU derigasd by Ueat Henry 
BhrapMl and OnL Boaoi'n Improv—enl 

Tbe tollowfiig decerlprion applies to this type of fuse. 

A— ant, that tbe timing ring In net nt aeni. The 
propening force given to tbe ihrapoel aboil in leaving 
the bora of Oe gnu la such an to Mver the win <7 from 
plonger ff. Plunger O enrrlea n eoncusalan pri—r 
wUeb U d lm— r g ed by Uttliig aring pin B. The flame 
p—la out Qmmgk vent M, Igniting the powder pellet F 
•hd Iho n|]per ead o^ tntiu A, and then through tbe 
—t JT. Fran ban, tha fla— is transmitted to the 
lower ttmte ring B, throogh vent / and the magariee j, 


la '& b—of the ahrapiiel Oban. 

fliii any ether settliig. — U sswodn. The vent 
H It liow rimngid tfl poaitliA wUh 'fomact to vent H 
ttlitaitoi to flw tliriat trato, and the—t / letd- 
bir lo .tta penrdar —girine / la elao rimnged. The 
m tbrongb vent B and boms 


eiploded by means of a iietcnsslun fnse which comes 
Into use when tlie shell strikes. Tbe percussive mech- 
aulsm constats of u primer K bold In so liiverled p«m 1 - 
tlon In the center of tbe fuse body by n cup hssUil In^ 
Death the psrcusslvo primer. I’otcussluii plunger L 
works In a roc— to tbe base of the fuse body and In 
kept at the boUom of the recess nwny from ctmlsct wlUi 
the primer by a light spring In pinnger M. Tho flring 
plD F Is mounted on a fulcrumod pin, and Is normally 
kept to the verticil position by means of two side spring 
plong—. When tbe sbri] strikes, the Impact csascf tho 
plunger to mmp op ngalnat the primer after compi—log 
tha —Ing in pin If. This can— the flring of the 
primer K end the exploalve charge pa—e nut tbrongb 
a bole In the percnasloii plnngor chamber, not shown, 
to tbe —gailne J and from tbera down to the powdsr 
In the base of the tbalL 


Tho Kuaslan fuse shown in Fig. 4 differs only In a 
few mluor details from the American fuse tbe chief 
difference being In tho nrrangement of the percussive 
mechnulam. The percussive plunger fur Ihs timing nr- 
rsugemeut Is kept up from the llrliig plu by means of 
a sprlug bushing K surrounding tbo body of Ihc plun¬ 
ger. This bushing Is eipsiided by the plunger wbleb Is 
furred tbrougli It due lo tliu forci> of the Klirspiiel In 
lesving tbe bore of (be gnii. Tbe siirlng ft In the hesil 
of Ibe fiiNc sietlMls Ibe plnngor In oxisinilliig bushing K 
and In ilroiudiig down onto the flring pin 0. The flnme 
from the eiploded primer Ihen Irnrols down lo the pow¬ 
der In Hie slinll In pnetlcally Ibe sume way that It d<s>H 
III the Aroerieuii rusi>, eimit llmt the iiiiigiiiinc elisni- 
her Is lisnted ot l> and explodes through Ihc impuet 
tiiMi ebniubcr. The percussive arranginueDI for wdling 
the sbell off by Imimet Is slightly different from Hint In 
the American fnse, In Ibut Ihn primer iiimI llrliig pin are 
held apart by meaiis ot springs, the Inerllo of wbleb Is 
overcome when tbe shell strikes an object 

With tho ozccptloii of a few minor detnlbi, tbe liming 
fn— used hi Ameiiniii, Itusslnn. Urllbib, (lermaii, Jap¬ 
anese, etc,, sbrnpiiel sbells uru tbe same The French 
riming fuse, however, ns shown hy Ihc diagram Fig. li, 
upetstes on no eiillrely different priimiplo. In Ibis fuse 
the Urlug for Ibe lliulng Iniln Is eniilslne<I In u seuleil 
tulie of pure Un uiid Is wuiiiid stilrully uruuiid tbe Iliad 
of tbe fuse. Inside of I lie Insid Is the Ignition urraiige- 
menl. To set Hie liming iwet of Hils fuse, It Is plaeed 
In a fuse-neUliig nineliliie ntlnehed to Iho Held guii, sisl 
by forcing down n bundle on thbi devleo, u idercliig 
point Is thrust Ihrougb Hie oulcr cop of the fuse, |s-is^ 
traUng to tlie Interior space of Hie beml as shown at A. 
Upon tho discimrgo of Ibe sbell fnim Uie gun, tbe gns 
pressure forces tiring pin 71 Imek, billing Urn percusstvc 
primer 0. This cnuses.a flame wlileh insses out through 
Um vpeuing previously isiiieheil at i niid Ignites Hie 
"rope" powder fuse whleh Is wound n round I he head ot 
the fuse liody. This tyiie of fuse Is also ptuvliled wlUi 
a fuse which seta off the shell by Impact slinuld the tim¬ 
ing fuse full to work. Tbo head of Um (use Is covered 
with H enp wlHi holes for the iilerclug isdnt, and the 
whole enp can be shifted around fur a short dbitsiico 
and sot hy the curnetor scale marked tm the body, ns 
shown In Fig. 1, A projectlou on the tup engages a 
rec— In tho fuse-setting mseblue and provides for Ibis 
movement, the machine previously being set to puuch 
tbe bole. 

The Bccuracy with which i shrapnel con be exploded 
In the sir st uiiy desired point Is re—rknble, conslder- 
lug the number of variable quantlUea that enter into 
’ the timing fiiHi- Slid iKiwder train. 
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tile. Tlio calunlalioim ueccitsary for flndliig the correct 
HcttliiK (III the Umlns riog Invalre the uue ut higher 
iniitbeiiuitlcN niitJ hiv conaequentlj not within the KOtw 
Ilf thli irdcle. Id the following, however, wUI be given 
a brief exiilaaatloD of how a fnae li Het to explode the 
■brepuel at a certain predetermined point 
Meferrlng Ui Fig. 8, the timing ring need on the 
Amerlniii flue la abuwn. Here It will be aeen that the 
ring la provided with twenty-one gradnatlona corre- 
apuDdlug to twenty-one aecooda In the dontlon of flight 
of the projectile. It will alao be noticed that the epniN 
liig of the gradnatlona differa. For Inatance, S to aero, 
or aately to aero, occuplea '» degreea. Tble, aa prevl- 
ooaly meuUoued, la required ao that the ungrooved aur^ 
fucee Ilf the timing rlngg can be awnng aronnd for 
enough to bring them In line with the venta for tiring. 
From aero to 1 la greeter than from 1 to 2. The reaaon 
for tfala la alao In the relation of the venta. From S to 


4 wUI bo aecn another varlatioiL Thla tatna into con- 
aldoratlon tbo poaltlooe of the loww liming train and 
the trajectory of the flying mlaelle. From fl eeoooda 
aronnd to 18 la practlcaUy a conataut drop, taking Into 
conalderatloa the decreaae of velocity, and from 18 on, 
the gradnatlima begin to Increaae for two reaeomi: the 
decreaae In the velocity of the mliaile and the action of 
gravity. 

Ihagram Fig. T ahowa In an IntereatlDg mnnner Joat 
bow a ahnpnri Ja flred. The range la approxlmetely 
obtained by panonmlc elghta or utber maana, and a 
teat ahell flred, lha point of exploaton noted and the 
uecanary correctloni made. A table which bee been 
worked ont for dUferent dt^nceo la then need. In 
Fig. 7 the dtagram ehown pertains to the AgMTlcan 
qnlck-flrlng Held gnn having e muiale velocity of 1,700 
feet per aecond end the Amertiian ihraimel of 8-lnch 
etae. It will be noted tbat at 0.000 yarda the tarmtiial 


velocity of the dmpnal In l,dM feet per aaeond Md tte 
Ume of flight for the pnjeotlW 4.7S eeecoda. |n ether 
wotda. the timing train to aoploda the ehtapoel at tUa 
point would be eet at 1 bn fig. 0 . The range ot a 
S-lndi American ebtapad la dBOO yarda and at thli 
point tha tamlnal velocity to apprnlaaMy TS4 foat 
per aacend, tbe ttae of 111^ 31M aeeendai The abiap- 
nol, whoa exploded, toiooto out die bnltoto at an In- 
creaeed velocity of from 800 to flOO fo« par aaoDod. 
covering an arae of about 100 by SO yerdA half the 
bolleto foiling on the flrto 00 yetda of the heatoB aonaL 
In mannfoctnrtog ihiepnd ahelto a toat ahaU to token 
from every llO nod to actnelly dred ont of a qekk- 
filing gon Into e eenk of aand. If the ooatanr ot the 
eheU In the neighborhood ot tha powder pocket to ex¬ 
pended during tbto teat, the ehell to dtosaxded be"«w— 
ot the liability ot tearing out the rifltog groovea to tbe 


gnn. 


Stor Cliuten 

Ov AI.L Ulc teleenopio ulijede in Dm eky irane are 
morn beautiful or more fasninating than the oondeneed 
globular star oluetem. Their bewildering complexity 
renden them unsuitable for direct study at the tdasoope, 
but photography hai now brought them within the range 
of lystomalio mvectlgaUon. The lochnlod problem 
which they present la liy no meana easy, and demands 
high resolving power for aunoeea. 

Cousidorable attentioa wea given to the star dusters 
by Sir John Ilenwbol, whoso attempts to deplet them by 
band met naturdly with small suoaesi. Csilaln ouiioui 
Imgularities which be believed to exist In the dutribu- 
tkm of the stars may bo attributed to a purely subjective 
origin, or they may be aimiuated for by the abeorpllve 
influence of external dark nebulous masses. Mo great 
importanee is now altaebod to them, and In the main the 
stars may he oouslderBd as distributed with radial aym- 
metfy. nut one curious fsatnre notloed by Sir John 
lioischel has been confirmed by later study. The 
stars In a cluster tend to divide into two c l asses of magni- 
tuda, a brighter and a fainter, ssparated by a distinct 
interval. Can this be a vidbU division of stan pre- 
■umably at the same distance and of nearly equal age 
Into the two olanaes of giant and dwarf stars infnred 
by Uertssprung and H. M. Ruasdlf 

About 20 years age Prof. 8. I. Bailey, at that time 
at Arequipa, devoted oonsldorsble study to photographs 
of the chief globular elusters Bis work proooedod on 
two lines. On one hand he made aystematlo counts 
of the elan recorded, thus laying the foundatom for 
statistical inviwtigationi of their arrangement in space. 
And on the other he Investigated the magnitudes of the 
Btare, and was thus led to the mnarkable discovery that 
several clusters contain a high proportion of variable 
Btara, a ratio of 1 to 7 in the extrwie case of M3. Bis 
detailed mults for the clusters u Centaurl and M3 have 
been published in two beautiful memoirs. The type 
of variation is of a dlitinut ohaiacter, though a tew iso¬ 
lated examples have been found eliowhere In the sky, 
with a period of about 12 hours and a rapid rise to 
maximum. In the case of M3 the variation is singulaiiy 
true to one type, the tangs between maximum and 
minimum being two photogrqihle magnitudes. Some 
elusters, notably M13, are almost entiraly devoid of 
such variables; where they do oeour they ate appsrently 
conOned to the stars of the brii^ter order of niagnlUHle. 

Tbo question of tbe dlstiihutinn of stars in clusters was 
discnisied by Prof. K. C. Pickniag. Using counts on 
the clustcni h CcuUuri. 47 Tucana and M18 (Beroulto), 
be fonnod the Important coiulusions: (1) that tha law 
of distribution hi essentially the same for dlffecmtolustan, 
(2J that the brlihl stars and the tolnt atora of a tdosttw 
obey the same law. He r o p re a no ted graphically the 
curve of apparent (prujeoted) denalty for different 
dislaucHi from the ounler, and attempted without 
success to reproduce it by amnimlng laws of tbe form 1 
-r> and (1-r)* for the density in apace. The latter 
form was also tested by Mr. W. E. Plummer with much 
the same result uu an extensive series of measuras of 
the stars in M13. 

The next important eentribuUon to the subjeet is 
due to H. V. iStipol, who measund tbe posltioni of the 
Stan m M3 (Can. Yen.). By adapting the aohitlon of 
a certain integral equation studied by Abel he showed 
lutw the law of dlsMbutiun In space may be deduoed 
iiuuierieally from the observed distribution as it to 
seen in projeotlon. Inter he oompaied the law of denrity 
in space arrived at In this way with that wUeh obtains 
in a grevitating B])hsriasl mass of gas In liothennal 
equilibrium. The reenll tepiesonto the density at toe 
cluster satisfactorily near the oenter, but In the outw 
regions the cluster is Isas dense than toe toeeiy re qui res. 

Ihe phyaiaal cunosption thus intrudooed suggested 
other poealbUitlos. A sphere of in adiabatle, Instsstd 
of isothennal, equilibrium might be ehoaen aa tha atoiid- 
ard of eom p atiion. A aoies of statas aitoto, Asy—»At«y 
on the eonitaat ratio t of tha vaatta haato ot tha gM, 


whisb have been extensively studied by Lord Kelvin 
and others. Emdeo's “Qaidiugeln" Is a work dealing 
exhaustively vrito toe subject. In general, the law 
of density eanimt bo expressed in finite tsims. But 
there are exceptional cases In which too differential 
equation poacMos a very rimple sofaition. One of 
these, discuvsred by Bohuitsr, ooneaponds to tbe value 
^•\2. Beie the law exprsaring the density at the 
dUtanoe r from the oenter tidms the fonn: 


3o*M/4,(a*+f*Va 


where N is toe total mass or number ot stars. This h 
finite, although the distribution extendi to infinity. If 
a finite buuodary be expected it to tmpoiiible to fix one 
by the oounti, and attmnpU to do se have been proved 
illoaury by the ooeurrenoe of ohaiaoteristio vatiaUe stars 
beyond toe supposed limit. However this may be, a 
oompaiison of too law with Bailey’s oounts of the w 
Centaurl olustor showed immediately aa agreesMnt 
within tbs limits within whieh radial symnulry is ob¬ 
served. 1 next oompared tha law with Ptokering’s 
curve (ff the projected densities, baaed on the dlustscs w 
Centauri, M13 and 47 Tuuan* (bri^t and faint eUrt 
treatod separately). The aocordanoe wae egain cXf- 
oolleut, and left little doubt tbat the law r ep rese n ted much 
more than a mera formula ot interpolation. Whan, 
however, v. Zeipel's counts ot M3 were examined, the 
outer region was found to oonfcuin with the law, while 
the Inner revealsd a tdgher deosily than was to be ex- 
peotod. As. v. Ztdpet had, on tbe other h a n d, aoceeeded 
In representing toe oentnl distribution by toe Isothermal 
law, it «u suggested tiiat the true standard of compari¬ 
son was a central isotbermal core surroundsd by as 
adiabatic envelope, a oomposlto state of equilibrium 
actually oontemplaled by writers in the thennodynaaiias 
of the subjeet. Afterwards, by toe use ot similar 
methods, Prof. Siiflmgren proved that Mfi (Serpeotis} 
poss e ss e s a struoture which, whatever lha cause, la 
identical with that of M3. V. Zsipel remarked that the 
excessive central oundensatlon was more marked among 
the bright than omoitg the faint store. 

The problem has again been dhou ise d by v. Zsipel 
in an elaborate mcsnolr, using in this uutoooe oounts 
of the liars In M2 (Aqoarii), M3, M18 and MIS CPegwu). 
He first finds solutions eomsponding to these values of y: 

(M2) (M3) l.Ue, (M18) 1.183, (MIS) 1.179 

Thus M2 oonfonni with the same simple law, which I 
bad found to lioM so perfectly for u Ctontauri. On the 
other hand, M3 Is again seen to depart from it, sod even 
with toe new value of y the niwesentatloa la far from 
good. Tha law of density here eontomplatad is a wdu- 
tlon of the equation: 


and satU^ a phyiloal oondilloD in being regular at toe 
esotsr. Tlra general sdotion, however, pomsami a 
ringularity at toll point, and oontolns an additional 
arbitrary constant. Thus the particular law given 
above ia only a special ease <ff the genetal soluthn for 
-ir i-3, which, as v. Zsipel shows, ean be expt essi J in 
sUlptie funotiona. Aeoordingiy, be abando n a toa santral 
eondltkm, and introdueea the additional eonatant whieh 
is to be detennlned, together with y, tor each caae. With 
this modllleation of toa theory the vahies ef y beoame; 

(M2) 1.194, (M3) 1.198, (M18) 1.208, (MIS) 1.197, 

■0 that within the limits uncertainty in every oaat 
the distribatlon of ataia is conriatont with a sotutim of 
the above diffsrsatial equatiun when y is aaiigaed tbe 
value 1 

The analogy between toe dlstrlbutwa ot atari in a ooit- 
denmd olnitsr and tha density in a sphsrlsal mass of gas 
of a particular type in adtobstts eqoiSbrittm thue stsns 
to be fairly cBtabttahed. Even if it ha ae^poasd that tha 
ehmtsr Mw onteoiaa cf aa original nabnla toe qaaation 
still teraalna why the dtatrlbudan cf mattar ahonld psiUat 
long after Ms condlttiin lias eomplattiy nhangad, OT triiy 
ths anaiwsmOTt dwold raHabla stoat n%ht ha s» 
postedofoirtainTap«a(a.g.,eUo(ofioim). Tluansw 


given by v. Zsipel on the basis of a strict matoematisal 
analyris Is that this is In confOTmlty srtth a Unetle 
theory whieh ^ipUea to an aggregate oontoining a hl^ 
proportion of Ksplsrian btnarisB. TUa may be a bold 
appUeation of the law of large numbers, but it la certainly 
an interesting oonoeption. Sliwe there is every reaaon 
to believe that all abort period variablss sn binary 
syiUsns the obeerved oeourrenooi ot tbeee in ehuteri 
lends support to the view, though they oan only ie|«aent 
the exeeptionally elose systems. The inTSsUgations 
here dssstibed tafsr exolustvaly to the highly eondenaed 
clusters. But there exist alao elusters shosring staries 
of ooneentmtion in varying dagtee until probably all 
viilbls tmee ot organio commotion ia lost. In Btrflm- 
gien’i view tha whola aeries represento an order of 
evUution by whieh toe denee ohiiten grow ont ot more 
foattored forme. Whether the results will throw Uitot 
on the adder inobleaM ot the struetuie of the sideral 
universe eeems doubtful in view of osrtaln eonduilons 
drawn by Boinoari, Jeaiu and Eddington as to tha 
relevanoe of the Idnetio theory. But taken by tbem- 
setves they prsaent questhms ot the highest Interest 
whloh are Ukaly to repay fnrtimr itudy.—H. C. PnoMiua 
in Natan. 

FbfotioB irf Atmoapkerk Nitrogen 

Bxruumn have baen orafinetad by I. A. Btohlar 
and J. J. Elbert as reparted In the Bar. Beal. Obese. 
Oes., 46, p 2000; for obtaining boron nitride; and as 
most naturally occurring eompounfla ot boron are oom- 
Idiied with oxygan, too first atop waa to saceitoln tOT 
best methoda for toeir rednotlon, followed by tbe com¬ 
bination of toe boron obtained with nitrogen. Tbs re¬ 
duction of boron trloxMe by carbon beglna to take piece 
at 1,300 degreee; In tbe preee nc e of nitrogen, celrium 
borate (borocalclte) nodergoee reduction at Ui80 de¬ 
grees, reaction probably taking place aceofdtng to toe 
equation: OaB.0,80-|-BN, — 4BNOaON,-|-TOO. 

Tbe eJectrdyila ai molten borax gave ylalda of boron 
tn toe extent ot 12.1 per eent Oartmn electrodee were 
Bret used. Dot tbey broke off repeatedly at tha surfoee 
of toa twdon; Iren dectrodsa lasted kmgsr, but they 
bIso broke off after a Umn Attempts to redoes boron 
iriuxlda by msnae of ealdnm carbide at 1,030 degrees 
made It probabio tbat tbe prodnet of reaction waa cal- 
dnm boride, wbicb baa pravloiikly been prqiared by 
Uolasan. 

Before carrying ont fnrtocr experlmsDto on tbe pro¬ 
duction ot boron nitride It wta nemsaary to dctonalna 
Itk stability; It waa found that dooomposltloa with aro- 
Intloo ot nltroicm only OPniuisneed to taka plaeo at 2,400 
degrees; tUa toaparaturs of dacompodtian holds only 
In toe praaenoe of carbon, aliios tha boron nttrldo waa 

The next expftlmaate wan oonflned to udxtarui at 
carbon with attoer boron trle xMe or botocalaUe. IMse 

of nitrogen under metaOCvnmium, a «adnl elaelTiaal 
tnmaoe havliig been ooMtonctad In wbkfo raaetloM 
cooM be carried cot at pnaMUus up to 800 kUoOTamuM 
per aquare otatimater, and at tempnatnrsa up to SAW 
degrees. With latxtnm of boron trioxlda and eutbon and 
nitrogen at ataafherle ptaMra, thTbOTt FMd, 1MB 
«er cant of boron UttUn la oMnlaed betwaan 1,0I» dsr 
gresa and 1,700 dsgraes. With tpcresaint pra—ra the 
ylsU Incnasia, nune than 88 POT cantof bMon MtrMa 
being obtained at a pcssaan of 70 kDognuiMS per 
square ocntimetac sad a totepsfuttra of tflOP di» When 
toe borim trioxlde te laglaead ky bocoeaklta, a naariy 
thootatioaiylaMQfbwaoaltrtfliegeeaidipfftothdfgiia- 
M'l^aagnMM*^ toa tetppantito ja 
grsaa la ifi atiatrtaailSwsna^ 
hu ao ataot on toa yWd, At acgaMd pfuMW'ti. 8||a 
auMoat of Bttrogw ktooiM: gw gr^nfo'of .liaMli fa. 
■uto 0 Mtaf wtto IweHMta ttui Wfto fakti M 
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The Chemical Industries of Germany—1* 

An Historical Review of Processes and Conditions 

By Prof, Percy F. Frankland, F.R.S. 


It u ramtriatble that the Rojnl Home of PruMda hm 
dnrinf muy oenturlw been Hiooieted in one wny or 
Murther wltli ehegnlonl enterpriiM of ▼nriom kinda. 
Umi nlrtndy the Moond niier of the country, the Mnrk- 
tnf John (ieoa'1019) wm Mtunlly nimnnied "the 
Alohemkt” In oomoquenee of the eeel with which duN 
liitt nnny yenn he punued hie inveetlotlom on the 
tnnimntntlon dt metnb, while n number of his nio- 
ernwri eihibited greet intenet in the suns problem— 
the manufnotare of gold—which hm never failed to 
fasirinait the needy prineoi—and what princoa arc not 
nsedyf—lof all ages all nations. 

The Qreat Elector (1040-1688), who did so much to 
advance the power of Prussia, was a patron of ohemla- 
try, whloh waa Just then beginning to emewn, as an 
eiqMrlmental soleiioe from the obscurantism of alchumy. 
He pmvided the celebrated Kunkcl with a laboratory 
and ^asa fumaoea on an Island in bli park at Potsdam, 
and H waa there then in 1078 Kunkel made the ditoovery 
of mby ghaa, produced by moans of traces of gold, and 
which la still an unsurpassed method of ooloring giaas 
for ommnental purpoeea. Kuokel also radlscuvered 
phosphorus, which has previously, in 1660, been obtained 
by tbo alchemist Brand of Hamburg, who had quite 
aecidentally produced it in the ooutm of his attompta to 
extract the PhUeaopher'e Stone out of urine. 

But while the diacovery of yellow plioiphorm is thus 

Qerman origin, its production on an industrial scale 
was, until twenty yean ago, only carried on in Englanil 
and France. In 1802, the manofacture of phosphorus Iiy 
oleolrothonnlc means was introduced into Qcrmany by 
the Chom. Fab. Griosholm-Bleklron at Frankfort.* 
Rod phosphorus was diacovered by aehrhtter, an Aus¬ 
trian chemist, in 1848, and was adapted for ss/ety- 
matohoi by the German BOttger In the same year, ilia 
invention wsa first taken up in Sweden, and waa not 
adopted until ton yean Utar in Germany. 

The match Indmtry hu aaiumad its largest dlmen- 
dona in Gvtnany. Thm the German annual production 
In 1912 wm *23,000.000.* The value of all matches 
(British and fotelgu) oonaumed in Groat Britain in 
1010 is eaUmated at |6,468,760~8boul nine matehea per 
day per head. Mesan. Bryant and May's (by far tlie 
largest English caneem) turned out 1,162,000,000 boxes 
in 1007. This reptmonla about one half the British out¬ 
put. In 1007 the total value of Brilieh production was 
*3,876,000, of which *380,000 worth was cxpurlod.' 
The British export of matohei is diminishing. It is 
worthy of note that Japan in 1001 exported matches to 
the vslue of |OJXX>,000. 


Another great German Industry owce its origin to 
•Ichemistia studies made by BOttoher in the reign fol- 
towing that «rf the groat Klootor, namely, that of Fred- 
eriok III. (1688-1713), first King of Prussia. Having 
in making gold before witnossce, DOttclier 
wis seised by order of the Elector of Saxony and was 
"faterned" at Dresden, whore, although he did not suo- 
oead In the mnoMealred gold, he founded along 

with the phyrieiat Tsohlrnhaus, the oelebrated Dresden 
Indusiry. 

The aetute Fredeciok the Great (1740-1786) waa 
to manufaetate the Dresdmi ware at BwHn and 
to tUa end hb eourt apotheoary. Johajin 

Heliiiloh Pott, to institute Invest^Uom. There at- 
teo«rtawBre,how«v«,alluiisuoee^. 

The great Ktadstiok idaoed muoh fhlth in teoret 

agwita and it wa^ means of aplre^t hB luaooe^ 

in dBseovH^ tUPmoets of the .Dresden poreelain 
nantifaetaM, for at his instignthw an entorprialng 

_ ttearing the name of Oottkowikl, with the 

of a Saxon woitannii, brou^t the seerota of 
'tSe Diredm proeesa to Bolin and established a porce¬ 
lain faotosy in tha Le^prigre 


Bat IMstlek Uter stqved the paomdaty aasistaiM 
wMb wUph tiM faotory had bdeo sabaidised, and Gota- 
kowiU WM taaed to mD the eoneem of IMsriok for 
ahonV and so wm wt ab U a lind the edabimted 

K SSiPtaSabi FW«y, among «*> prodneU 


m ntfi'i r-- ^ Ox ■x’lxy 

leie. 



of whiflh are the well-known arudblos and evaporating 
basins. The fluuriehing etate of the German poioelain 
and pottery manufaotnre is attested by the fact that 
during the past twenty-five years the number of works 
hM Inoreaaed from 228 to 360. and tbo number of 
workpeople employed from 37,000 to 60,000. In 1013 
tbo German export of ohina, earthen and stoneware 
were valued at upwards of *17,600,000. 

Even itlU more important is Germany’s glare maau- 
faoture, for whioh she has long been pre-eminent. The 
annual export in recent yean has been over •35,000,000. 

CTAMlna INODSTBT. 

In the early eighteenth oentuiy an aoeidontal discovery 
sms made by Dieeboob, a Berlin oolor-makor, whioh 
boa proved of great industrial Importance. Dieebaoh 
waa preparing what ii known as Florentine take, a red 
pigment obtained by precipitating a solution oontoining 
ooehlneal extract and an iron salt with caustic potash. 
It BO happened, however, that the potash used by Dien- 
hsch ha<l lioen in eontaet with Imue-oil ixintaining aomn 
nyaiiide, and tbo result was that, instead of the nault 
he antiolpated, a magnifloent blue ooloring matter was 
obtained. This subetanoe. whioh is still known as Ber¬ 
lin or Prualaa blue, wm the first oyanogen compound 
to bo dliooverod. 

The oyanogen uumpuunde liave played a most ounsplc- 
uous part in the ttevelopinenl of organic ohemistry, 
and every Miuroe of oyanogen baa been exploited for 
iilitaiuing them. In recent yeere the demand has in- 
croaeetl enormously owing to tiio rmploymoot of sodium 
and polaesium cyanides in the extraolion of gold. To 
moot this demami a number of synthetloal methods fur 
their preparation have l>eon super-added. 

Germany's annual produetioD of cyanidre Is eslimaled 
at lOJMO tons, valued at *3,260,0(10, or about haU of 
the world’s production. 

BXBT-SUaAJI mntlBTBV. 

Another indusiry also had its beginnings in the 
eighteenth century during the reign of the Great Freil- 
eriek, and waa the outeomn of the laburious rrecaruhre 
of Motggraf (burn in DeriJn la 1700, and a pupil of 
Stahl) on the m-eurroueu of sugar in the vegetable king¬ 
dom. Of the minierous plants Invostigatod from this 
point of view he found that tho bootroot (Btia vulgaris) 
oontainod the largest proportion of ssooharine matoriol 
and that tho iwoet-tasting substance was idonthml with 
that present in tho tropical sugar oane (Satekarum of- 
fieinarun). 

It was out, however, until some fifty years later tlutl 
the obeorvatiuna of Marggraf hul to the first beet-sugar 
faotory in the banita of FVaus Karl Arohard, who was 
subsidised in this vonturo by the Prussiaii King, Fred¬ 
erick William III. (rriim 1779-1840), who was also the 
founder of the University of llerbn.* 

Tho beet-sugar industry had to oontend with stren¬ 
uous oompetition by the esno-augar manufsoluren. 
Tho Industry was, however, greatly |>n>niotod when. In 
1806, Napoleon issued bis fomuiu edict olosiiig the 
European ports to British gisHls. The vast uxtent of 
this Industry oan be gatborod horn tbo following figures: 

Total sugar crop for 1913-13; Cane sugar, 9,211,766 
tons; beet sugar, Eoropeau (one third German), 8,310,- 
000 tons; boot sugw. United States, 624,064 tons; total, 
18,146,810 tons. 

The sugar indnstry should give us food for serious 
nfluotlon when we ooosUio' the following faols; United 
Kingdom spends annually *116,000,000 on 1,700,000 tons 
Imported sugar. Germany produore •180J100JIOO worth 
of beet sugar on 1,300,000 aore. Fianoe produoes 
<66,000JI00 on 670JI00 aerre; aU continental oonntrire 
togotber produoe UBOflOOfiOO oa e,00a000 oores.* In 
the United Kingdom thoe is only one small experi¬ 
mental bret-fugar footcay In exietenoe. Tha beet-sugar 
industry la of portlonlar Intecest in eonnaetion with Hie 
present EuAipw crisis, tnaemuob h it Is a moot not¬ 
able example of on industry which largidy owes Ita suo- 
crerfol inception to a state of war iriiloh disturbed the 
previously sstaUbhed order of things in the matter ci 
sugar sn^. 

In this eonntiy (Great Britain) agrieolture Is wall 

iThtrewreaoDiihenllrlnBeciliiimUl im.lmtttaelDainriiig 




known to be produetive of a conmrvative frame of mind, 
but that it is not no in Germany is well illustrated by 
the extraordinary progress whioh has been made in the 
euIUvation of the sugar beet under the guidanne of aya- 
tematle saientl6e rennareh. Thus, in 1840, lOU kllo- 
grammot of beet gave 6.0 Idlogrammiw of suKur; in 1860, 
7.3; in 1870, 8.4; in 1890, 12.6; and in 1010. 16.8. In 
1871 the mean produntinn of I>m< 1 |H>r hectare* was 246 
quintals,* and bi 1910, 300 quiulale. In 1867 the onn- 
sumpilon of cool fur 1(10 Idlogranunna of iHs-t was 3.5 Idlo- 
grammm; in 1877, 24; in 1800, 10, and in 1000, 7. Fur¬ 
ther economy in ooal has lioon aiTeeliid b.v means of the 
Koetoner eonoentrator.' 

BOLFHPMC ACID, SODA AND DLRACIIlNn POWDKn 

Ralphurie acid wm disoovered by the German al- 
uhemiit Ibudl Valeuline in the fifteenth nenlury. The 
produotbn of this fundamenlal aeid, liuwever, on any 
eonsldenble snale took its origin in Birmingham, where 
Dr. Roebuck in 1746 intruduned the olandflal leaden 
ohamber proeeas. At the beginning uf the nineteenth 
oentury it hooame an Industry of gnat importance, more 
espeeially in Engbuid, because of this acid being re¬ 
quired fur the maniifseture of oarimnate of soda by 
the L« RIano prooere. 

The maiiufaoture of I« Blanc soda was taken up in 
Engbuid in 1814, espeeially in iwnnivliiin with snap- 
making, and it was in England that this manufaelure 
aaaumoid tho largest proportions. The enormous ad- 
vanooa made in this maniifsoture during the post oen¬ 
tury may lie gallicnMl from the fact that the price of 
carbonate uf mmU in I81H was about *21(1 )>cr bin, while 
to-day It is only about one tenth of that aiuoiul. Om 
of tlm determining factors which nutdo Engbuid the 
principal home of soda manufacture wh tho great do- 
volopment of the RngUeb ootton industry during the 
nineteenth nntury. 

During a Urge part of tbs last nentury England mann- 
fMtured Iai Blanc soda, aulphurio ardd and bleaohing 
powder* for moat of tho world. But during tho latter 
half of the century the rival ammonia nuila pnnwns made 
ita appowance. The original dlsenvcry of Iho reaction 
on which it depends--it wh first paUmted In Engbuid 
by Dyar ami Hemming in 1838—Is ascribed lo Mweral 
different iHUinns, but tbo process was first msdu an in¬ 
dustrial sueeeoH In Belgium by M. Ernest Kulvay. The 
Uouillet works were founded with a capital eff about 
EiO.OIIU in 1863; the numerous affliiatvd works are now 
to be found in Belgium, England (Brunner, Mond and 
Company), Germany, France, Italy, B]>ain, Austria- 
Hungary, Russia and North America. Tliey employ 
35,000 persons. During the fifty years tho price of soda 
bod been redueed from 180 to *20 per ton. 'The displaoo- 
ment of Lo Blano soda by ammoniiremla involved the 
introduetion of now methmls of chlorine nianiifactDra. 
After numerous almrtive atb<mpt8 in variuus directiuni, 
the sunceasrul produnllon of clcotrolytic chlorine has 
been sobieved, and about half of tho bleaching powder 
iu the world is now made by this moans. 

Eleolrulytie chlorine is now often eonverted into 
liquid chlorine (12 cents a Idlogtamme), of which large 
quantities are used at Btossfurth for the annual prepara¬ 
tion of 6(X),U00 kilogrammes u( bromide, and the Badiaolie 
Anilino und Boda Fahrik used In 10(X) mote than 1 ,OtX),000 
Idlogrammes for the preparation of ohloncetin acid 
employed In tlie manufanlure of synthetic indigo. 

In die manufaoture of sulphurio arid, again, the otd- 
frehloned English or loodon ohamber proness has not 
been alhiwod to remain unohallcaged, for since tho bo- 
ginning of the present eentury It has liad t-o meet the 
oompetition of the so-called eontaet proness. This is 
baaed on a king known reaotion,” which, however, m- 
msined afanost unutlUxod until the meticulous industry 
of German ohemlsls and tho courageous enterprise of 
German maoufaetime developed It inbi a commernially 
suooesriul prooess, whioh was elaborated in tbo works 
of the B adlseh e Aniline und Buds Kabrik. 

The ammonia-soda and the contact sulphuric seid" 
proeesaes, although carried out in England, have been 
largely instrumental in making other countries, more 
espeeially Gennany and the United States, independ¬ 
ent of the Engtiah produet-ion of these all-important 
ehembiali. _ 

• Hentsrs - IX loes. 

• qolaul - 100 Ulasnnnm. 

• MeUnari, "aenenl tml ladustrM Ovg. Cthini," ivis. 

• Dtseorcnd by Tcsmsnt hi ITW. 

>• This freoOim bsd Ibr miay years bm used by M«srl In 

II Tbs CaaySMAaMasOoiM^ sad Nobsl'i Kxphislvo Won 
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III IWJ llii' wnrld'H cnniiumiitkin iif wida wu TWIAKN) 
NiiiH (IIUMimi unmiiiiiBHXHla), and in lINRj, l,70n,(l(K) 
loiiH (2:10,1X1(1 \f IHanv). In KiiKland, in INTO, S;{:>,(XX)v- 
(XX) waH inri-ii(4'<( in Uw iniliiiitry, wliii-h navn nmploy- 
IIIIMII III 22,(XX) wi>rk|ini|il«. In INM) llio Hriliah output 
nan 4.1il,(XXI (linn, anil in IStNi it won WK),a(X) ton*. 
Niirlli Amirira in INWi pnidunul l,l(X) tool, and ;«N),(KX) 
loim ill ISDN; and Oumiany in 1K7H nuidp 42,IXXI toiui, 
:«X),IXX) loiw m 1(X)1 and 4(X),0(X) l4inii in in|0.» Thr 
IIthI whIo wurlcH In (Jormany wan only i>nirtiHi in lH4,'i by 
llorniann at H«JiOiiplH>rk, nnar MaitiMiunt, and thn Aral 
l•‘all(<ll cliainlnir by Kiinliiini in 1N44 nn tho Tempnlliof 
llniii mw Ri-rlin. (Hon uImi tho aUUiitlin in Table I). 

UYUBOIIKN INODBTRY. 

TIh' uliY-trulytio produotlon of loda and ohbffine ia, of 
iiiunie, alU'nded with the evnhition of imonnoua Tolumn 
of liydroKcn. At lint thia ((aa waa allowed to ipj to 
waal3', but gradually int3.Tpeting and important uaea 
lioro Imin found for it. 

1. DiriKibln balloons havo boro rendored ]iusHiliIe by 
taking advantaipi of the lighlntwa of (lin intamal eom- 
liuatlon nn(pn». Ono horao-poaror onginoa are but Uttlo 
liKOvk-r tbau 1 kilogranune. Twonty-aevoi thouiand 
1 ‘iibir lufihirs of hydrogen ia required for a modem alr- 
ahip. Tho ludliMin ahcda are often eatabliahed iwar 
cIptI roly tie soda worki, or the gaa may be traoiported 
in Html oylindera pani]ireaaod to tfiU atmoaphorea. fivu 
huiidnal pylindnn pontainiiig 2,7fi0 euhin metera of gaa 
are placed on one railway wagon and mure than eight auch 
liuula are nsiuircd for the flIUng of a single Zeppelin. 

2. Aiitugiinima welding with oxyhydrogen Oame, a 
moat important applination of hydrogen, waa inlredunial 
at the beginning of this ociitury by the Chomiaeliii Kab- 
rik (Iriiwhcim-Klcktron. Tho nxy-aeolylunfl (laiiiu ia 
now niorti oummunly uawl. 

:i. Artiilcial gome am nindii by muona of oxy-liydru- 
gen flame. Home (hirty yiara ago C. V. Tloya aimaasled 
in fusing qiiarlx will) the nxyhyilmgen flame and then 
drawing it nut into InerMlibly thin libera, which have 
proved of the highest valuo for nertain pliyainal experi¬ 
ments of extraordinary dolieacy. Tlio same auun-e of 
lu<al was much later, In tho nineties, employtid by the 
Krnneli inveallgatur, Miehauid, to reaonatruol rubiea 
fnmi small fragmenla of this gem. At tho liegiiining of 
this ptmtnry Verneuil and I*B(|uier, in I'afls, aueeixdisl 
in making syntlu-tle rubies. A little later Wild, Mk<the 
and laihinann in (bsiiiany elalsiraUd methods for pro- 
ilueltig aynihetie uirundum, rubiea, aniutli.vsla and aap- 
pliinw, which an< maiiufaeUired hy the Kh>ktrii-nliem- 
isiihe Werke at Hitterfeld. Thiwe pmduets are Identical 
III clipmli>al eomposition and physiea) pni|aTtles witli 
the natural gems, and the mn-sl Y-arh-tlea of these 
can Ik> obtained at will. Kiised alumina (very pure) 
gives (•oniiidiim; fiisisl alumina t 2 lx per ei'nt ehnuiilu 
oxide gives ruby; fused alumina b numnesia and litaniimi 
oxide and fenie oxhUi giviw blue sapphire. These 
syntlictie gems are now nuiiiufaetunsl (41 the extent 
of alsiul (l.(XX),(XX) earets annually (1 eantt - 0,2(t5 
grainnie), or 1,2:X) kilognunniiw or more than 1 ton. 
Kx|M<rieneed eoimoisseura nan. however, dislliigiihih bo- 
(ween the natural and artjfh-ial gems, with the result 
llutt tile forniiT have not ilitninlshed in value. Natural 
nihkw or sa|ip)iin<s of 2-4 rarels post $1(10 to $2:41, and 
largi-r slomw up to $7.'i(), while the arlifleial wuuld only 
poasl l/rM) to l/KKXI of IlHtae amounts. 

A Hi ill more nssml and much mure %nportant appli- 
palkiii of liyilnigen is for the lianlening of fats, which 
dp|H<ndH on tlio trenrforniatiun of unsatiiralod into saU 
uratisl acids by means of hydiugen in tlai pnwenpv of 
a natrdysl (nickel, palhulium, etc.). 

INntiHTKIKS eUNMKl'TKD WITH AKTirieiAl, II.LIIHINATIUH. 

The world ia greatly liidebteil to Uermany for invnn- 
tliiiis whk-h havo largely revolulioniaed ortlBoial illu- 
miiuitioii, flrsUy, in oonmsitlou with gas and more iw- 
iKiitly ill respect of ijeetrie lighling. 

Tlius, nno of the most reniorkablo diaooveriisi in this 
iloniain was tiiat of ineamieaeent gas Ughling, which 
was iiiaile by the Austrian (.kmnt. Dr. Catl Auer v. 
Wi'lshach of lUslersfeld in Htyrla, as the reaull ,a 
h'ligtliy, labuiknia and ingenious leaearehM. The now 
m familiar gas-mantles are prepaiud hy the Ignition on 
the nHhin frame of a mixture of 00 per cent of thorium 
nitrate and 1 per ount of cerium nitrate. 

The source of lime tare earths ia monaxite sand, the 
elaboration of which has bonoroe a very important in¬ 
dustry depending on fraetkmal erystalUialion, whieh 
olreaily many yean ago wu brought to sueh a high 
jiiteh of perfeetion in the laboratory of Sir William 
('mkre. (hit of this monaxite sand Hahn in 1010 rae- 
(MMM b oxinoting meauthorlura Mid the proeesn Is 
parried out on a large aoale at the worts of Dr. O. 
KnOfler and Company at PlOtuonsee near BasUn. Ra¬ 
dium brqmide is worth about $85 a mflUgianime, msso- 
thniiuinshnut$37J!0amilllgreiii]ne. The mosothorium 
is only present in the monaaite sand in ooitnandy swi»H 
proportion, about one part in Ili0,(j00i00a 
I may also refer to Ausmiatal, a ptepoiatioB of hoa 
(Fe 30 per cent) eontalnlnff oninm, whieh aparha iriian 
••MoUasri • • " ^ 


scratched with hard steel, and wUrt b familiar aa a «t nHmgan at pd, man hjhi ae^.M^MedHi' 
suhstitate for matehea. iilC hgti wii iitM piaatl fe the nrtatiimaf lilk SfOptslhliNF' 

Another outhit for the use of hydiotaB baa been la by iaenaslag till fmtBHy of., the fleBi, 
lodueiiig the rare metals osmium (amltliig point 3,500 lannluBimii of tbfa thaa hnouwuf. | || 0 « 4 w b Wk* 0$^' 


deg. Cent.), tantaiuia (meltiiig pohit 3J00 dag. Gant.) aapwtaMBtaUy danwiiftnated 
and tungsten (melting point 2fiio deg. Cent.). nlnetmitb eentoiy by the <i 

In 1003 the Auer Cumpany abowed that the earfaon fafart, Helbiegei and Nobbe- 
fliament uf elenlrie tneandiaeant lampa eould be ie|daeed fixation or Atitoamaaio 
by an oamlum Alament, with aa eoonomy of 60 to SO lua: 

per Piint if mirrent. In 1005, Riemena und Habke 1. This has been suenart 


nlnetmitb eentniy by the flenaad Jhnall|iteirih . 


imens und Habke 1. Thb has heeo luniismftilly anemilgilUbd by tha 


Hsltpetsr eotisiiniiiMon. TMAXU 

(of ink (tw nllrie aeU). llomiO 

Hydroeiikjflo add QO psr eat). 4S0mX> 

Ular)i)iia pomhr.. loonoo 

(of ttili ekictnlirUe). TMM 

*niiMsxT.‘■WlsnSr)isttiuidTsi4iiillk"mi. _ 

Ions (MoUnsri). 

advantagmus, and in 1006 that the tungsten filament 
was even stilt Iwttur. Tungsten ooenis in suffleient 
quantity in nature aa wolframite (iron tungstate) and 
snheelite (eablum tungstate) to enable the metal to 
tsi now sold aa fllament-metol for $1A0 to $1.76 a Idhi- 
grommu. 

Home idea of tho enormous and increaiiiiig soale on 
which tho ineandwment tamp manufaeture b carried 
on in Oormany may be gathered from tho flguree in 
Table II. 


Aeeording to V. B. licwes, tlie eunsumption of gas- 
iiuuitloa in 1012 was: Germany, 100,000,000; America, 
fl0,IKI0.niX); KfigUnd, 38,000,000; Vranoe, 1S,0U0,0U0; 
Helgium, 3,600,000; Italy, 3,(11(1,000; Rusda, 1,»]0,000. 

The speeial tax impowd in Germany on lighting 
a|)|)araluH iwallxod from the above souroM in 1012 was 
$4,UXI,UIU. 

AMNONIA. 

Of the eutniminer inonpanie ohcraieals wliioh are pru- 
duoud on the Inrgat scale, one uf thn moat importMit 
is ammonia, which has for many yoars been obtained 
os a by-product in the manufacture nf eoal gaa. 

Ho hoekwaid was Uin industry in GotiUBiiy, that 
oetuolty even os iato os 1874 the ammunlaeal liquor 
frum tiieir gas works waa run to waste. All the more 
remarkable is tho state of alfafaii to-day as betrayed 
by the following figures. The world prednetfon of am¬ 
monium sulpliato was 210,000 tons In 1800, 600,000 
tuns in ItXK), and 1,330,000 tons in 1012. OeniUHiy’s 
pRslucUuii of ammonium sulphate in 1012 was about 
370,(XX) tuns. 

Tlio principal uw of sulphate of ammunla b as a 
nilrogeneuus lortllber, as whbh it eompetaa with Chili 
saltpeter; they may b« token aa of equal mudey value 
per unit of nitrogen. In thb eottnoetion QermMiy'i 
manure bill, givvn in Tabin III, b intermting. 


It b the amUtfara of the Qsrmans, firstly, to maka 
theraMlvm Indapendent of the IndustiU prodneta of 
other oountrbi, and aeeoniUy, to ptodnee fat exeea of 
their own neada and to impxm thb atttrpbi on tbs tost 
oftiiawortl. Tbua, they pride tbesaolvsioadbplaefav 
more and mwe cf the foiwign CbiU aallpetar by booiM 
made fulphate of amaKnU, and In 1011 they wad in 
ogriaallure 76,000 tow of ammoiilaeal aUrofiSB igiM 
70,400 toni of foreiga snl^etaraltregan. 'Hib portU 
aueeeai tbsy famk forwaid to mnklnt eonpiete oad 
desUra by dereloping new nxetboda of pradwiar om- 
monbiial nltngea Mid aitmteo. 

or DMh mathoda three «• already twn 1« spantltam 
Mid ttagy art MMbked Mtb that Mt prrtfan 
oonftonta w aa Ma d aa » ediab. Bmr to nMlir- 
onmUnad tdtregrtb wUrt wiB bb naeirtrey.to bMIA 
(rt tba IrtMNton bv tire totortw Bx^PMbl ^ 
after (ha dap«lta of OlTtoliaiaWr" art" MlxiSii^: 
Thb b Ihi aairt rtx^ ito 
«((ha Bb, wUrt W ain. .Mirt 


la gDatand wis I nUUlDa Ions, sad far ths whsbal aiMps areONea 

eboirie furnooe of the Bodtaebe Anffln ud Soda Ktotk. 
These are simply realisalions on the Indnabbl laab oil 
laboretory axperimenb mado by Caveadiib 1$D yttort 
previously. Thb method b opidbaUe only ia Norway 
or other eooatriw where abuadaiioe of water power 
renders the produotion of ofaeM> elestrloal nn re gy poo- 
sibb. It b being eorried on by an intenutfamal eoXa- 
pany at Notodden In Norway. propore to use 
3(X),000 hone-power oapabb of yleldiiig 160,000 tore 
Ume-ialtpelsr (16J0 per cent N) or about one twrifth 
of the total amount of Milli saltpeter used by the world. 
Germany posaesaa but UtUe wotcr-powsr ao that thb 
proecM ta of only indlraot interest in eonneetton with 
German ehembal Industry. 

2. Nitregim may abo be fixed by oakdnm oatbide at 
liigh temperatuTos. Thb dboovory was made by the 
German ohembU Frank and Gam. $28,000,000 eapHal 
b already embarked In thb Industry by vnrioua eom- 
panbs of Kumpe and Amerba. Abont 130,000 tona 
b preduend annually, about ono quarter of wbMi Iq 
Genaaay. The enulo eaieium eyaumide (about 30 par 
cent N) may be naod dlraotly aa a nltrogenooa manure 
or may be mado to yield a m m oni a. The pradnetfam at 
oaMum eotWde invdvn the um of eleettio ftmoae and 
bonee eaaiwt he eanted on eeomanbaUy on a vsry targd 
scale in Omnany owing to the Umltod water-powsr. 

3. Nitrogen and hydrogen may be oombhied at higher 
tompremtore and eapeeblly under high prennm. Thn 
lung known fact that the reaotlon, Nt + 3Ht •• 2NU| b 
realised to a very small extent at htfi temperatuna boa 
been inveatlgated in recent years by Haber and La 
lioalgnol at Korlanibe, and, guided by the prbxdpba 
of modim physioal ehembtry, Haber baa ebdMmiad, 
after overnomlng extiaordlaniy teebntal diOfiddas, 
an Industrial praesH whieh pnmibea to be of great bn- 
portanee Id tbo future. The nioet advantogeow eoa- 
diUoDs were to he found: Prosreire, 300 atmorthremt' 
temporatnre, d)0 deg. Cmt.; eaUlytb agent, 

l^uotion of ammonto by the Haber proeeM baa 
been carried ont on a eommereial aeab by Badbebs 
Anilin Company rinse the sumnwr of 1013, and a phtot 
eapabb cf ybUUiig 130,000 tona at Mipbato of oautorib 
per anmim was to have been ready during tire pwri m t 
year. ImuBnaoh oa the Oeimaa Celer Ctyndbolea bava 
severed their eonneotlon with the Nonregba nltsg ga- ' 
dertoUag, it would appear that they rtpianl the Saber 
ammoiibpioosreafb^BMiaflk^ tobaeapaUanf ' 
emturfng the faMtgaob oHroffMi mattol of tha wo^ 

Thb qratbetb prodoMlaa of aiwiwnto obVtous^ fa*., 
vdvea Oiaap hydrapsa. 1 hare gfan^ refund to 
ebetrtlytb hydmgtp. hot tbrea an ebreptr .aaM 
Th(H waterpaa cmtslgc fhinratfaiallji nqqal tglfijgMi) 
of hydtopm and iiaiboB SKHM^; IhMaxtattMtotfida 
(btdilag poiiit--l034«; OiMAf can A 
faction frtm the bydrtis4(b(il%|ia|pk--4tl$^ 

Siaibr^ the nitartFre ratphnd frt; the y rt t riX 

CbilTire.Unde«f MariOv 







































SCIENTinC AMERICAN SUPPLEMENT Nq 2059 


391 



The Earth Considered as a Heat En^nne* 

A Chapter in the ThernMxlynamics of Nature 

By George F. Becker, United SUitcs Get)logi(;ul Survey 


' iMMim IlMtUM «uUi nolMlHml in mirli a wiiy that 
talA toaUBrlaBi wen perftwtly ti mer m l and that the 
aiKfaciar wan porfaotly aimwth, praaonttna an Ideal 
agatpotaaUdl Urfaw ot unUnm lempentnR. Bup- 
ikwa ant aw oaly dUtereoMa twtween dUterent poe- 
: tlaan ol tUto aatCan wan In the dlffnelvlty (that then 
; ate iMkh Tarlattona In the dlffualrttlcB of different 
hwka. an paUliM datammaaouH clnriy ahow). For 
ala4dlcftj^ aaka, a uppi wa that a oertaln aqoan am hml 
a aalfoni dtCOi^ analler than that of the Humiiind- 
' l^aaitlllta, It la arldent that Oila Mioare would cool 
ttdn tdqwlF than the adjaoeiit portloni, and bp reoacai 
of lha ilowav anoapa of beat It wonld develop a ullght 
lalaavn atajatton—provided Indeed that tho material of 
aw (Mba eoitraated In coaUnx aa almoat all rabMUnoea 
aatddly da rarawnDons the relative omttacaon of 
tba BafWaadtng nan would bring to bear a iwanaro 
on aP fbor itdea of the aqnare, and thla ptmann would 
estand downward aa far aa the d'~ 


n toefe within the Minara. 
a a dlOtiniice In dlffoidtp would bring about an 
Intanwoena on the anrtace of the globe fotlowod bp 
the AmBtUon of four apatema of jolnta, which, In the 
almple eaie auppaaod, would cniHa one another at riglit 
angln at tbo aurthce, ami dip at nhont dfl degrora In 
four dlnctlona.' Tbeao jolnta urn niulvalent In voldii. 
whh'h aa I have reeontlp ahuwn map, In extreme cuaca, 
approach &TS per cent of the volume.' Tbna a further 
TM 7 oooalderablo lotamaa(!ciK« or uplift would re- 
■olt, and an addlUonai diminution in the difluaitp, bo- 
nmae Jolnta Interfere with the condm-tlon of heat Thin 
dtmlimtiaa would further luornaao tho depth to which 
aewIMe dUfeteneea In tenpenture <« the name horl- 
aontal plane would extend. Ilcwldni ayatomatlc raptnie 
It to evldeat that the lateral pnwmirca on the miuarc 
column dtoald, or might, bring almut detonnaUonK and 
the ommpIlDg of lapem originally iilune. 

It would Beam theu that the biltlal dIffenUHW In dlf- 
AarivHgr need not be grant cvoiituallp to cuaure a coo- 
atderaMo qdlft within the hppoUiotIcHl aqnare, idnoe ao 
aooQ «a It aumced to eatahllah a temiietaturo difference 
of a tew degreea, tho procoaa of uidlft would bo In- 
rmnafl bp tbe effecta of rupture. 

Soppoatng BO arater to exiat uiwn the earth, tbe 
aquan eoltimn under diacuaakw might attain a notable 
elevmtioa. Tlw average land aurfUce now atanda abntu 
4 kllOMtton or two and a half mUca above the averaga 
«a bottom, and If tbe material from which tbo aalt 
ot the ocean baa been derived roiireacuta eroded coiitl- 
nanfei of pwaant area, tbe average laud uurface might 
I OMM 2Jt kUometera lilglwr than It now 
am could Buatain lb* own 
t not bo dlacnaaed hero, the prewuit oliject 
f to bring out a particular feature o( tho 


_il teatperature of tbo cootlaental mam like- 

_a for oaiwMentioa. At the prceent dap Uic 

B depth of the oratn la about .t.4IW metera, the 
B PtovaUan of tbo laod la about -HO metera and 
BWan tbatBomettle gradient 1 degree In 38 meters 
MaaMdj aa high aa 1 degree la 82 metera. The 
paittati at tiw bottom ot the aea la not far from 


laoMrieodatteM. ftaa the mood tampenture of the 
aettM doo^nda dolm to tha level dt aea bottom la 
osap D^ gff dt» Cant above the temparature of Um 
aimWto Whna fog a long 
larrt liia iiriboppa^^ a -**“- 


.haatrorWadHliMtiMl^ «tha Hota, eUDlvalMit 
m of tba low 



The iHitcr ahcll of the ciirth down b> a dciith of in-r- 
lui|M TO ur 8» milea at whirii the prlmctal Icuiiicratnrc 
atm prcvulla without aciialldo diuiliratiun may lima be 
n-garded aa an liniaTfn-l heal engine. rrc<>lvliiK lu-at 
energy at an abooliite teui|M>mtiiro aiqiniarhltig 
degreea, and emltUiig It at luaa tlwn SOU degnaw. llw 
dlffarencn la pniportional to the energy which would 
la> available were thla oiiglue pi>rf«cL Though far (rum 
lH<rfrct It haa aulttcnl, It aeotna to me, to aniqily what 
hua been expended In maintaining In part the relatively 
high temperature of the HUb-eouUnental ninaHCH, ami 
alao In cpclrogonlc nml urugenlc upbeavalM, In tin- aluit- 
terlng and enimpllug of na-ka, and -In carthi|iuikpa and 
vulcanoea. (It la to lie exiaa-tml that the dlaalputliai of 
energy would bu iiectiliarly bitnuar near the anrhuv, 
dividing tbo rlalng conllneiital e«>linuim from the w-cnnlc 
Iwalna. It la In aoch |ioaltlot» that uiiwt of the vol- 


8o far the ocean baa been practically Igminvl, hut 
(inly n few yearn can have clapHcd after the eoii- 
alateiitlur atatua before Mas aea c-amc Into Imliig. Kveii 
II very amall differenen in dimialvlly, ai-lliig fur ii very 
abort time, would have aerved to outline deiinwdnim 
Into which tho Indplunt ixvnii would gnther while, afli'r 
n time at any rate, the pn-aeiice of the menu with lla 
iiNivccttve rlrculalliHi wmild tend further to liicrenac 
(he difference In temiicmlun* la^twcen the uretm of ndii- 
(Ively great and rclatlroly mibhII dlffualvlly, which 
would then boi-iaiie tweaiile haalna nml niiilbieiitiil 
lilubvina. 

The luoiucut nn ocvtlli formcrl, or rather n moment 
liefore It Imgan to form, enmlim (anumooecil mid Intro- 
diiced a imw factor Into the world ayaleiu. Were the 
gMie ivimiilitoly coverctl hy tbe a«>a, ovuiKirnlloii nml 
lirndpltathn would furnlah no etu'rgy of gi-ologlcnl alg- 
iilficame. The euergy nbmirtml In iwHimratlon wmild 
he llberate<l mi preeiiiltatloii, nml the nmlw-nlca of wntiT 
would rehini to their original level. Kill water fulling 
mi a contlnmit and ivirryliig amlltueid to the non ileiai- 
teiiHallaea or aeta free the energy of laialtlon mainlrMl 
ul tbe oximnae of the beat atored In the earth. 

At great deiitbn we know that na-ka are ileforiiicd 
and niKlcrgo aolhl Oow; nml It la well known Ihnt nmler 
an niqirupriato ayatem of atnuacn any aolld miml flow.' 
At llK! Murfai-e, ao fur aa iwkH are *aBHa*nie<l. mucIi h 
ayatem of atrcHaea doea not oxlut, and tlie na-ka do not 
flow. But eroalvo aelliMi lenda them a molilllly almoat 
laiulvaloiit to fluidity, ao lluit the net rcaull la In aomo 
reaiiecta aiialogona to tlmt which would ciiaue If the 
aolld Hurface of .the globe were reidaced liy n muaa of 
hypervhHuiia liquid, aomo cniuinn or coliimna of which 
bad a higher tempcratUTC Hum the mimiuudlng matter. 
Thoac oolumna would riae above Hie general aiirfiicc 
becanac of the dlmlnlabcd derodtp nml llu- mminila thiia 
formed would overflow or ran down berauao they lin-k 
rigidity. ITie ontflnwlng porttona wmiM eool, and alnk- 
liig Into general mam, would eatahllah a cmiVLH'tlve 
cln’idothm. 

HU Jnat In the wrae way, Imt HhnIInrIy, cnwloo ef- 
fi>eta tho flow tff tho cwnlluental aurfaee matter to or 
la<yoiul the edge of the conUncotal plateaux, overwelght- 
tiig the ocean floor and brtngbig about a correHiauidlng 

In on napbalt lake like that of Trinidad eonveetlon 
duo to lack of loqicriture equlllhrlum would he at 
tended bp an undertow. Ifateriat rlnlDg from any rar- 
Hcnter depth would dImlnUh tho horiiootal preamre, 
which It had prevUnmlp exerted on minoandlng iior- 
tloof of tbe bppervbcotu mam, and Hum would prcaa 
Inward to All tbe partial vtdd. In a aoUd Mrtb there 
muat be an analoguiH aetloii, excepting that tbo portlal 
preorare noodfol to produce lateral Bow or undortow 
moot oxceed that whicL would iitraln Hie aolld rock to 
Ito olaatlo limit 

Tbe aaaloflf' of on oapholt bika must not be applied 
wltbout cantiea. In oueh a lake It la easy to cnorelvo 
of conveeUvo drcnlation IndefloUclp cootlnaed. Not ao 
In dm aolld oartb. If tiie whole rock maaa frem which 
tbo ooBonle hK baa been derived won leollp once idled 
on tba oonHaente, and If tbo ocean in 100 X Ite yean 
old, than the total npUft of about AM kUometera baa 
, only bemi eftoolad at dw rate of 1 mnilmetor In 10 
paoMurlhiAlBSaOpMBl Thna tbe procme mlgbt be 
etapar^ with toetptaal flonvoedoD ta an tvhalt Inka 

Kona tha tevr oa hie OB It boa gooei the ondortow boa 
ttadatf to ooflbhqt (ha am oC. Indptent coaUtiaBta, to 
loerriiM.e^tmiBiiltiw aod to axaggetate tho elevadon 
ta»A Tkearg 1 perfwMp mm aeWdi, MOT. 


III which lUcy wmiM liaic nllaliicd hail there larn no 
i-miveiilve temleiiey. 

(hi tlH) hyiarflicNla Hint the iirlglil of (iiiiIIiiciiIh Ih due 
III the Inferior dlffimlvlty of (i<rliilii iireiia of tlw 
eiirth's aurfaee, the coiidItliiiiH of Hie w-eilii*M lait- 
him la very noteworthy. Aa la well known thla floor 
In relaUvely fcnliireliwi, cmiHlHlIiig of vnnl pInInH, low 
rhlgea, end a few deeiw, aeveu-elghtliH of Ha urea lying 
III n dqiUi of iiiorn Hmii a kllmiipU>r la-low aea level. 
There are very few Imllcotlnna on tlw m-ean floor of 
ciiiiUiiental topography, nml yet If a l■ollllllrllt wen> to 
In- NUbmerged to a dejith of a hundred fatliuaia or nion', 
Hiut la Iwlow the reach of wave action, II la dlfllcull to 
NiN- how liny pnavra of Imae-lcvelliig i-ould niluce Ita nc- 
■-I'liluaHoii. Neither mi Hie hyiaillicalH nmler dlucuiwlmi 
In It eaay to aee how a iviiiHiieiit cmihl Iki aiiliincrgiNl, 
Hiough It la handy imeNlblo that a thla layer of mi-k 
of amall dUTualrlty might ho rmuoveil hy croalim, leav¬ 
ing oxpoaed maaaoa of dIffiiNivlty ao high na to undergo 
nipid contraction. Judging from the bathyiiietrlinl 
iiiiipa there are no liii|airtniit cnHca of Ihia dcaeiiiiHoii. 

It would acem thut, uk the elder linim ao ably iiialii- 
liiliiiil, the iicciiiilc iinna liiive been pi'ralateiit; nml If 
MO Hie Nuhaidciicea which Imic oc*-nrre«l ami rw-uried 
liiive lieeii aubordlanto fcnliircN of movemeiita Ihc la-t 
rcNidt of which In eiii-h cnMc u-aa uplift Thlu In In line 
wllli the rcNiilta of Iliiyford, llcliiicrl, ami their iinni«-1- 
iilm Kline they liave comiicllcd iin to coiircdc Hint the 
i>iirUi la eieii now la n l•<llldllklll of approvliiiiile Iho- 
NlHlIe eipillllirliini, II wn-iiih IniiniHHlhlu to Udlcie that 
It haa not bei-ii ho In Hie jHiHt Kriwlnii lina liccii In 
liriapawa during every era fnaii tho Algoiiklaii iipwunl, 
and then* ninat have Ihh-ii a la-ndHlent nml prevailing 
Iciidency to nphenvnl. Of a conipleto dniwiiliig of tho 
eiintlncnto, aiieh iih would oci-iir during ii pmlnnged cni 
III which aiilwldemx* pn-ialliil. Hieie b* now no traie. 

Two reaaona have been HiiggietiNl nliove for the high 
level at which the cmitlneiila Ktiiml n-liiHvely to the 
la-iain floor, via., aniwrlor Icniiwraliire nml the exlat- 
emv of volda. Tlie dliren>me |ii level In ;t.li;g| kllmueterN 
or O.tttJ of I'ja kllomelem. If thla differeme were eii- 
I truly due to pxi-cnn of li>iii|M>ratim>, and If tlw lliiear 
pxiMiialon of nvorago rm-k la 0.WIIIK per dpgrep, tbe 
whole elevation of tlie cuiitlneiitnl i-nliiuiiiH would liidl- 
iiilc a mean teioiwratiin* of dlfTcn-iiie of 40 deg. (5cnt 
If thla elevation wen- dm* piillrel.v to llii* mMmhv of 
lolda Hieae would amoiiiit to uImhiI Iwlf Hw iiiiiximuin 
liitcraUtlHl N[wie riiiiiid for me hy Mr. Melclior In oxperl- 
iiipiita ou the cniahliig of Hiilplinr In Hcaleil Iihinn IuIwn. 

It la evident that Hi* two leiiHCH In coiidiliiiitloii uilgh*. 
hrliig about elevulloiiH not mily riH-n-HiHaiillng In the 
iiipnii height of the cmilliieiilH, but iiIno to tliriHe of lidly 
iiinuutalu rnngcM. 

Until croHlmi Iwgiiii tbe tern-atrliil iiipcIiiiiiIhiii iiiiihI he 
regarded aa a lieiit engine of the Irn-vendlilu tyia*. It 
could potcntliillae energy and do niechniilcul work, but 
Hio eyein wna Im-ompicte. When enwlnn Hiiiwrveiied 
and eonfnrred upon the HiiperflcleH of the cmitinenta a 
i-ertalii multlllty and kluelle energy. Hie e.vcle wio* eiim- 
lileted and the atage auawcrliig Hie iidlnlMiHc exiaiiiHlmi 
waa aupplled. 

It la true that the cfflcleiicy of thla eiigliio muat be 
very amall, but tbe aturo of energy upon which it drnwa 
—the available boHer cainclty - la ciiormmia. The mwli- 
iiiilNm thua appeani campetent to bring alxiut all of the 
ilyiiamhnl effecta with which geology baa to deal. 

MeamiremeBta ot the Planet Satprn 

Fbok a photograph of the planet Katurn taken by 
Barnard at Mount Wilson In 1911, with the 69 Inch re¬ 
flector, naliig an nqutraleut foeus of lOO feet. f. H. Ilep- 
liurn haa made a aerint ot nwaaiirnmenlx Several 
Ntrlklng dlaerepanclea are ahown by iheae pbntognphlc 
dimenalona from the valnea derived by aeveral olim-rveni 
vlanally, and a plotted chart of the ring a.VMtein brliiga 
thla out very clearly. In the dlaeundon aa to Hw caiiae 
of the dlfferendei It la cunaldered whether It may be due 
syatonuiHc erron In the micronietrle movemeiita of 
eonvex omnpared wttb concave .outllnea, or differoiieca 
In tbe photograpUe or vlanal Images; or pbyatcal 
changca in tbe ptonetary ayatem. An IntcreaHiig atate- 
mant la that tbo anthor Onds evldenco ot tbe traua- 
panmey of tha ting A, and alan that Ha aurtoee ia not 
uniformly bright An old report by Tronvelot In 1880 
la qniAed showing tbat tbe tranaparency of tho ring A 
waa anspected at Uiat Ume. Fnll detatla arc glrm of 
the mcBBOrw of Uw ayatem In Bey. Attromm. Hoc. 
74,p.T!a, 
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Automobile Lubrication—I* 


How to Test, and How to Use Various Classes of Oils and Greases 


Diihino tli« InfBDcy nf thn aulumoblle induiliy 
cnginiura aud optmUir* nf ntuUir whlolei had their handi 
full to keep Uivir maebituM tcoioK at all. Coniequently, 
they had little time nr inulinatiuii to itady the luhjeot 
of proper luhrinatiun. Dut an thn um nf internal nom- 
buttion oiigiiH» for Uis propulaion of automobilea, mutoi^ 



fir 3.—Heat teat. 

evnlra, agriuiiltural traotora, eto., benamn moro unlvnmal. 
and BB other oporatJns troublea wnru filially olimlnatMl 
one by one, the quoation of eorroot lubrloation gradually 
and naturally oanie to the fnmt with a pertinent plea 
for attention. 

The aubjont <if heat motor lubrloation, oomplcix aa It ia, 
ran porhapa lioat bo iiraaonted by flrat oonddering the 
elu'tiiioal and phyalnal propeiiiea of the lubrieanta them- 
fielvea and Iho refining prciaeatea. 

('HEMiCAii aTaucmaa or BTnao.<'AaBnN hotoh oiia. 

The term “non-oarbon" frequently uaod in the oil 
trade, obvkiualy for the purpoae of mlaloading the buying 
public, ia not only a mianomer, but a atatement eon- 
trary Ui chemical fact. iBibrioating oila are hydro- 
carbona and, an their name indioatea, oonaiat of a phyaioal 
mialure of different chemloal ivimpounda of the element 
rarlHin and the element bydrugi'n. No other elnmenta 
an' pn'aent except oa Impurltkai. Juat aa en«m, butter, 
ehiH-ao and other produota are derived fnun milk, ao are 
huudreda of different hydrocarbon eompounda, lying 
lielween the extreme Umita of gaaolino and eyliudor 
aloeka or eoke, aeparated from crude oil. Kach one of 
I hear many eompounda has ita own peculiar physical 
pro)a<rl lea, aiieii aa definite boiling points, etc. Amorioan 
moUir uila an inanufaetiuxal fnim paiaSIn, asphaltic, 
and mixed paraffln and asphaltic liaon crude oils. The 
liinitatioiia of Ihia paper pnailude a lengthy diaeusaiun 
of the exact chemk^ atnictuni of comimiinda found in 
(Tilde oila of diSoront haaes, furthiir than to any that 
paraflln base oil belongs to the niethano aeries, ehatae- 
Icrlalie formula 

C. f/h, , 

whiki the acpbaltie base oila are oomimaed of the aorire 
of hydro-carbons containing more narbon to the moleoulc 
(unaaturated), oharaeteriatlo formube 

C. Hi., r. Ha,-bile. 

(oltjliu) (ocsfyleiiaa) 

In addition to eompounda of the two principal aerioe, 
many other different eompounda are found in paiwffln 
and aaphallie hami oils in variable quantitioa, depending 
up on tho Boure e of tlie erude. Ruaatan oil ia n^e up 

'oi ^^uK 155 rSSS^.»^^ 



By C. W. Stratford 

largely of hydro-eatboiia of Uta napthena aarlat, eharab- 
Uriitlo formula 

Motor oUa refined from erode oUa tff diflerant baaaa 
present a vary maihed difloenae with regard to their 
phyaioal prepertlei and ohemioal stability. 



Fig. 1.—Conaiereial dlvIaltMa of lubricating afla. 



SKPARATION INTO OaUttra BT DISTILlJtTION. 

Himply stated, the preparation of motor oils oonaiata 
of a anparation of a oertain body of eompounda which 
luive as a mean the propertiea required of motor lubri- 
oante. All hydro-oarbon oils are prepared for the market 
by one of the two following metht^ (a) steam or vacuum 
distillation, (b) dry or dabruetive diatUlatlon. The eom- 
raeroial division chart (Fig. 1) shows a elaaaifloation of 
paimfBn and asphaltic bane oils refined by these two pro- 
eeares. It will, no doubt, also be of interat to many to 
learn how motor oils are separated, seoordlng to thoir 
gravities and visoositiss, from the "Inbrloatlng distUlato." 
The areas within the quadrilateral (Fig. 2) indicate 
graphically the volumetrie and gravimetric separation 
of this distillate into Its market forms. It will be teen 
that the motor oil area represents a remarkably small 
pernenlagn nf the total area, all of which aeeounls for tho 
higher prion of high-grade finished motor oils uumpared 
to other produets. 



HalpAarfe AM Frtwsit.—By tUi pnaMi after tha 
aeparatlon of tiw Inbrioating diftlUata Into gnaiii, tha 
hibrioatiag ofl fraotioni an tnatod with tolpliiiiin arid 
to throw down unatable eonspounds, hee oaiboin, ete,, 
waahed thoroughly with water, nratn^aad with an alkali 



and the whole again waahed and separated. The oil 
remaining is then blown with air to remove traon of 
watur that may bn present. Another method eonaiata 
of filtering lubrioating oil fraotioni, which have been 
partially dcuoliirixcd by sulphorio acid to eomplate the 
doeoloriiatiun necessary to bring them up to marketable 
standards. Such oils may be teohnioally called "fil- 
tored” oils. Tho interesting reaction here, due to the 
sulphurle acid, letting R rapicaent the hydro-oarbon 
radical, is 

BH + HvSOt - SSOJ/ + H|0 

and neutraliaation, 

B30,n -I- Hs OH - lUIOiHa + HaO 

Oils rnfimid by these prooeaaea are brilUant to the eye 
and they all oimtaln hydro-oarbon sodium “sulpbo” 
salts, varying In quantity with the quality of the oil 
oonsidorod. The effnnt of the presenee of this omnponnd 
will bo studied ktsr. 

Filtration Hreiwsa.—After the separation of motor oils 
from the "lubrioating distillate," iW an filtered through 
Fuller's earth whioh removes impurities and hydro- 
uarbons of high carbon oontenl. Filtered oils of flrst- 
cIbss quality contain no "salpho" eompounda, 

chuhioal nagmsiTas orvoroa oilb. 

To uhtain maxlmom lobrioatiiig efllolenoy and maxi¬ 
mum durability. It is imperative (1) that motor olU 
oontaiu a mlnfannm quantity of unaatmated hydro- 
earbona, to prevent rapid polymerisation and "oraeUng," 
and Cd) that the oils contain no "sulpbo" compounds or 
otiier impurities aa a guarantee agalnat the rapid ao- 
ooleratlng effect which such aoid eompounda exert when 
exposed to heat, upon polymerUation and aedimentation. 
The proper msthods of making the haat and emnliton 
trets to determine the presenee of lulphonie arid eom- 
pounds are aa foDosn: 

Heal Tssl.—mi a dean bottle or a small ■lUsoeyer 
flask about half full with tiia oil to be toetod. Heat it 
up slowly over an open flama oi on aa eleetrie ]date 
(Fig. 3) until yellow v^wii mpear ritova tiie aortaM 
of the oil. (llM tempenitaie at lAieh timae vs^rna 
appear wlU depend upon the flaah point af the oO taitod.) 
Hold at this iMnpnatue for Ifl miantaa. fi mmnwrisnn 
of the toated with an naheatod laolpla of tha wubb oO 
teUs the story of qualUy. Good «a daihaaa hi'drior. 
but remains perfeetly dear and wHhoit asdimant, gven 
after standing 34 horn, thua pcevfhff tha total abn^ 
of aoid oomponada. laiptua oil, on .tha othaf hand, 
tuns jet blaok. IfallbwadtostaadMho«h *hlaek 
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alriM»4Ilgi HdiaiBt nttki oat, pcoriiic the pneenee 
of tal^mrie or nlphoBle aold eompomide. TUe tert b 
■o ulriMit ead eo baporteBt, that I would reernnmeiid 
od patobMen M • tetare to be Ineoipoiated in thdr 
ipeeiilDktioae. 

demMeii Teet.—fTo be mode with 100 per eent hydm- 
eaboa'wlb onbr). nu n b6ttb (pnfereUr 4 oonee) one 



Fig,. •—Bfect of beet on rlaeoaitr. 


the oil end water, (lock end ihoke the boltb vigoraaelj' 
30 minatee In n eholdng maehJae or by head (Fig. 4). 
Then eet it eelde (or 24 boun. Good oil ehowe a fine 
white line at demnnation between the oil end obar water 
below, Indinating the abeenoe of onid onmpoundi. Im¬ 
pute ^ mine permaoently with the water, appearing 
oa a eunOed moie, floating up<in milky water below. 
Thb Indbotee the preeenoe of •ulpburio or lulphonio 
ooid eompounde. llie oordled porlion b a lort of enl- 
phurb odd eoop, and the amount of the ourd ehowe the 
quantity at "lulpho” eompounde proeent. The objeot 
of thb teet b exnetly the eomo aa that of the heat teet, 
with the dbodvantege that It requiree more time. To 
englneem and othnte making a etudy of oib it b worthy 
of notlee, benouea of the foot that there b a aertoin 
quantity of water proeent in the oiankooee ct motori, 
due to the oondeneotlon of the produeU of oombuetion. 
eiaNiRCARcn or raniOAL raonnrine. 

Four propertbe only need be reoorded oe eeaentiol In 
Jndflag the quolitbe of oib for uie in internal aombnetion 
enginea, Flaeh Teet, Carbon Rooidue, Cold Teet and 
Vbeoeity. In ndditian the Qrnvity, Fire Teet end Color 
ore obo ooneUered at the teflnery end to eome extent 
in the trade (Fig. 6). 

FloM.—By deflnltion the flaeh point of on oil b the 
loweet tMnperature at whbh the vnpore orUng there¬ 
from ignite without netting fin to the oil iteelf when a iraoU 
teet flame b qubUy brought near ite euifooe in a teet cup 
and qubkly removed. Inoemueh oe the temperature 
of eiploehm emeede by eeverel tlmee that of the higbeet 
obtolnobb flaeh it b oleaily apparent that even 100 
degreee diffetenee in the flo^ of two oib eon be of no 
avail in raebtlng deetruetion within the explooion ehom- 
bar. Below the pbtone, however, the operating tem¬ 
perature of pbton hoadf and other parU requiree the 
Ole of hlgh-flwh oib tor reoeone of eoouomy end durabil¬ 
ity. Motor oib having a flooh point muoh below 400 
deg. Fihr. ehow a vary oppreeiabb vopoibation loee 
by way of the breatlMr ortfleea. Thb loee Inereoeee 
ra^dly with a furtiier drop in flaeh and inoreoee In eronk- 
eoee temperotore. 



Cnrhen Baddue.—There b a eertotn amount of odrbon 
In oil motor oil wUoh eon be “fliad" by dbtilUng a given 
quantity, In a etondard floik and at a uniform rate, to the 
end (Qmy method: 29 oubb oentimoteri, rate one drop 
pcreeaond,deatruotlvedbtlUation). A coating of oerbon 
win remain upon the wolb of the floek which b wei^eil 
and the petoantoge of aorbon datannined. Thb “fixed" 
aotbon b termed aerfaon reeidue and b not to be oonfoaed 
with oarbon depodt. In aommeroiol oib tho oorbon 
reeidue inorenaM nanrly in propwtton to the Inareaee in 
vbeoeity, being loweat in the very light oib. The oarbon 
reeidue. Ugh or low that on oil oonioine doee not neoee- 
eoiily Indlaate the relative amount of (^bon Depoeil 
(Fig. 6}, whbh will oaour. In uee, ou tho exploeion ohom- 
ber walb of a motor, (brbonlxation b obo greatly in- 
fluenoed by the qooUty of the oil, by ite vlanuelly and flaeh 
and by pblon-ring leakage. If a motor muel be operated 
with leaky pbton linge, then on oil of tho loweit poeeible 
oarbon retklue will leave behind the boat volume of 
oarbon depodt. 

CoU Tm<.—T he ohill or cold teal of on oil ie the towwt 
temperature at whbh It wHI ponr. Thb ohoraoterbtb 
need only be taken Into conddoration In regard to Ite 
offeot npon the free droubtbn at oil through oxtorlor 
feed pipee and dght gegoe, where preaeure b not applied. 
The oold teat b in no way Indbative of lubrbatlng or 
hoat-redfting quolitbe. 

ViicMiiy.—Tho vbaodty (oohaebn) of on oil b ueuoUy 
given in termi of time. The number of eeoondi required 
(or a definite volume of oil under on arbitrary head, to 
flow throiqdi a atondardized aperture at oonatant leni- 
peraturoi (Fig. 7). Reodimie ore oommonly token at 
100 dog. and 212 deg. Fobr. In oil phaioe of lubrbation 
the matter of uorreot vbeodty b one of prime importonoe 
and ite effect b far-moohing. The ourvee ehown in 
Fig. 8 will point out the effeat that vbooeity hoe upon 
hone-power, and fuel and oil oonnimption. 

EgtcU n/ Vueottty. —Evon the vorieet novino con 
readily note the dlfloaenoe between the pownr and rapidity 
of ooneleratinn of hb motor when udng a light or medium 
oil (180 to 3GO aenonde) an eompot^ to an exlrnmely 
heavy oil C2,300 eeoonda). When oib lighter than 180 
eeoonda ore need the horaa-power folb oft very rapidly 
until the pbtone and boaringe finally eeiie, with oil of 
approximately 100 euoande. 

It will be aeen that tho fuel ooneumptlon (oaohw Ite 
minhnam when a light oU of about 180 eummdi b uaed. 
Oil of thb vbooeily gives the maximum h*>ree-power ob- 
toinolib with a given engine. An the vbooeity in- 
orooBM from 180 eecondi the fuel oonaumptbn in- 



CrOos neMse. 

tv^lMag g kbricaaU 


omb the fuel nnniumpUon raonnte to ib ma ximum . 

Coneidetiiig the ourve of oil ooniumpUon a moat 
uxtmordinary vorlotbn in the quantity of light and 
heavy oib humod will be romorked. Between 800 and 
2,300 eeoonda the vorUtbn b oomiuntively alight, a 



MTErr or heat nroH vibcowtt. 

AU motor oib when hiwted become thinner and thinner 
nr in other wnede loan in vbooeity. Tho rate of thia \nm, 
with tiee in temperature, ie not uniform, nor ia it oom- 
porative between oib of very light and very heavy body. 
In addition, oib of different ehemioal make-up, but of tbo 
aome body at 100 dng. Fohr., ahow a decided dlvergenne 
in vbeoeity at higher tomperaturca. Curvo A (Fig. 9) 
repruaenU a panffln baac oil and B on Mpbollie haae oil. 
Though the vbooeity of both ia equal at 100 deg. Fohr., 
the viacoaity of tho oapboltb liaao oil folb off at a more 
i^id rate and renuuna below that of the porafflo baao 
oil throughout tho entire range up to 300 deg. Fohr. 
Curvea C and D (Fig. 10), repreaenting a heavy paraffin 
haw and ohenileolly pure oontor oil reapccllvciy, denolo 
tho oomporative rate of loan in vieuaeity up to ifllO deg. 
Fohr. Tbeae ourvee aeem to indicate that naatur oil 
poawaoce nu advontogee over parofBn boeo mineral oil 
for uie in high-apeed racing motora. 

(7*0 ia eonlinuod) 
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The Science of the Cipher 

And an Explanation of Bacon^ Undecipherable System 


iiicoittlldi iiiiIh liilkMi of iiy|iliisni|ilu4 ur Uliwlvt. 
HillInRH In uii hiI will li by iin miMiui Imh Imnii loiiHiinl 
t) uiiy ludllnilNr |n rliNl of Ullin It In mi nrt wtalih 
WBH lilhblv pirfiNiiNl ly thi bniUaii l*tubinUs Hint 
wlilib liHN •iiKHi.nl (Ik nthiitbui <f royal MHiitarliM 
rnin tbi ury inrllint ttnuN It iH>rba|H NicurcH mon. 
IMHiiliiiitly In II lion limn ilHiwhirc In modoru Uiuw 
him wiiiira ti ilny wh i ]Nr««.Na auythluK llki an aim 
lytliiil tnin of mini full to iimkn iihl of tim ilplipr 
iiiill/liih tliHt It luN alniiyN liiii of will Inlirmt to 
I Hill IN 

I iIkhi Allan IiA II niuslii In IIiIh H|biii of tboUKlit 
him iiHHirlnl that It umy will Ih> ilmibtiil wholliir hii 
inuii Ininnulty iin intruiL nn lulKnm if tlu. kind 
whlih bnuinii Inin null) may n it by pruppr apidkatlon 
nmilvi lliwiiir b ram la Hniin Haiou Vcrnlam 
who luiN In III ihIIiiI thi foniiilir if mortem admii 
I 1 wnili Hull till Hit If liHlibirInK waa a work of 
IiiIhi hiiiI liiMUiilly vit by illllKint iiinautlaa It may 
It It I ill II I iiw liHN fir If thi I liihera In uae wi II 

^ hnI niid liimty miiiiil of tbim wonlil alwoliilily eluili 
IlK liilNir if till ilnl) III nr anil vit numlii lummuilloaH 
iiiiimli HiUH to In. niidlly wiittiu nml nail 


l|liii IlHiumIviN Until If tliim ihininmin of iimnH 
iin h< III r illy imiil In fun ii iHupliti s liilloii In nt 
IiiIiiinI but the ilnlplunr will iiNiiallv liUn with inly 
III Ibi iiiilhnil wlilih IiIn olHiiiatliii if Hit Iphir 
hull utiw will Miim Hic larlliNt NuIntliNi A NiiliitItNi 
film Hm iiry iliaraitin of tin wiltini. UiiiuniIvih In 
Hu iiiilhml iHirMiK I whin Hiini (hiirattiia ari piiiutiii 
inI In Niiaii iiKulHr iilatiil hikI mikkinIIvi fiimi Wbin 
IliiiN iiiiiiui.i'il llu iliilfibiiir will bi Ohio UNiinlly to 
IIN iiiihi Hic oIpbHiitlinl kiv In llu wrIUnt, and by 
ai plyli h tlilH kiy tbiuoKliout lu mat ixnoIii Hh. intln 
ill her 

\n nn llliiNtmtiun f Hit tt|N it irriilianil li whlih 
linn hi iiNiihiNl fioiii ItN (uiiii mil ip|t irmi t thi 
until r will ixhihll oiii whlih hi iincc niolyod from a 


•C«(D€AD 


a€dM> ^necDoe 

bpceiBwa of rimple cryptognpk 

At thi llmt KlaniNt nt tho aboii the dnipbinr will 
III Nine that bla task will Ih> qnliklyr ended for tho 
luiNNiiKi la wt tiul lu n ilplar whom, form Imhi eiery 
iilil Iin wunlM an MiaituliNl iinivenlintly, and there 
In a eoiiHtant lourreiiii of Hlnillar characten whlih 
liarit inniKb nni the Icttim if worda At any rata 
tiH dmlphon.r would proceed upon thla wimple iHan 
until he now that b(. had iindi rentlmated the iN>m 
pif Illy of till p||>lu r Ja nailliiK Ihia miiaMiipi It would 
li III Iml al iHiPt thrtt flu nmt word ii not the place at 
w hb h to hi iitn In Hcnreh of a key l^>r the Rmt atep In 
urmiikliiK a kiy w mid bo loiijeeture or more or kwa 
iirtalu (.WNiNwirh and the tliat word hi too Urns haa 
liN> many letu ra to be eaally Rueeaed at Hie dedplier 
ir wiiilil naturally look fur a word whoaa intlre Urt 
11 leth ra he micht ridijei tnre and tlina in.nre ta quick 
ty HH iNMillile tin niaxiinnm number of lettora In the 
ill her alihabrt IK mitiN that there la om word of 
only one h Iter at the i iid of the third line Thla will bn 
either thi wunl I i r O or f He Kueeaea A heeaaae be 
haa I hai rri il that In thi eery next line la a word at 
three lettcra which aunnita Itaolf ae and, and Whldi 


By Willuuu W Brewton 

iNhiiiN with tin aami tliarw.U.r haqiedally would be 
Miituu thla lonjeitttte when he nodeea Immadlatily 
iiuilir tblM word auotber juat like It Inaamnch aa Um. 
word and la tail which ucuin frequently, whathcr lu 
Nhurt ur liUKthy muaaKce the deri^ierer teeia renauu 
ably cirtaln that hla KueNu la lorrecL With the three 
It tn ra thuH obtained he now Mttrtn tor lome other wunl 
tudalnliiR Utem or part of them In oedet to BaheUtnte 
aa fur aa pcnalblr and oonjetlnre the remainder of 
Nuih a word Hut before doln( thla he may rentoambly 
kueaa that the word aniearluf at the end of the fifth 
Hue la the Inuionnch aa the aame word ocenra alao In 
Hh yiry next tine when it la wwll known to him that 
iht la a Tory frciioont wind lu nil wrltluffi and that It 
In a word which very naturally followi thi wrord and 
w hit h be haa aln ady obtained to a reaaeoable rerUIntv 
Now there wtadd be no nrceaalty of bcalnulUR a anhatl 
(utluu of the lithra naaonably obtained lu uUnr wunla 
UN lony, aa there are a number of bilot wonla In apeiu 
late uiMMi In thi aixth line there la a word tif two 
h III IN (till Hcuind word) which alao ociura aa tho IhmI 
wi I 1 Ilf the Mveutb tine dhe wonla a< to or «/ nuR 
kiN( tliiniNelTeH aa prolmlili Imt wi at once dlaianl 
at Hurt to ur ena the word on liiaaniueh an It U known 
Hint thi litKra a ur t nr a do not occur In the word 
wblih In In^Iur OeitptirnNl Inannuili aa It baa already 
Ihcii iiMcrtalned that llu re are other and lUirercnl 
liiiH lira npreaiiillnK tlum In othir wntda to It la 
timiuilid that tlu w ird muat hi o/ ajpilnat whlih con 
iIiinIihi tlun hi no renaimabln irtijeitlod anyway If 
WI NiihNtltutc the letUra we Itave ileiltcd lu the word 
ui Ihi end of the al\tb Urn whlih Mama to luutalu 
Niviriil of Hh. ronjciturcd eharaeUya we aoun obtain 
Hh wiml ntlut the Icttiiv A and > lielnR the only onea 
WI miiNt BRaln oonjcctan Ihta word ta accepted aa 
II nil I until It la proved nut ao Ihe third word In the 
aiNiNiil lino la readily Rucaacd aa la inaamnch aa the 
Nil will litter baa hern aarerteliied to tie n and the fliat 
Il Iti r i BDiiot ha « lo make the word on a i batai ter for 
> hn>iiiR been aln ady aHcertaliicd 
lU lontliinlng to look for words lontalnlug aartr 
talnnl ihaiaiten the iliilpheror notia tlu Urat wroni 
In thi ai tenth Itni wNnw every kttir he haa deikled 
iMipt the third Hy xubaUtatiDR Oie dnlphircd lit 
lira llu word four la the only reaawuiblc one wblih 
NUKKiHtN Itaeir aud one nuwe lethw « la obtained By 
NiilMtltutlng In tho find word of the fifth lim the anawer 
lo II bi the word tioubb It lulng nte w w a ry to I'onjii 
•mi I Illy the fifth and aUtb lettera Immadlateiy nndrr 
HiIn winl on the aixth line the deilptarter ramludei 
Ha word aid having obtained all tlu eharatteni of thla 
WI Id III aulution Hie entire il|dicr la In two n utiwiN 
ami we may read a part of the aemnd by aulartltutlug 
only a ft w other Inataneea We read lie^iuiing at Uh 
llaat of tlN Neeoiiil HtiiirDce With a lariat and aome 
In uldi and the alil of the other four membera of tho 
Hy piiHNNNlIng with the method we have puraiHsl the 
intlii NoluUmi bceomea 

I'HtatmrRb Pete found then In thla pcotUoa 
With a lariat and aome trouble and the old cf 
the othir four membera at the oomp tbay were 
leaened 

I Iw ebove cipher of eoune, la otae very eaally aolved 
Inii 111 aolvlng tt we lllaatrate the method wbkh le 
uaed In the caae of thoao dpben which oOOr a key 
through their form or eautmcticii By unapHeatiag 
the appearance of Ida menrage the didwr writer will 
render a tbouaandfold mors dlfflcnlt Ita eoiotlob Where 
the worda are undivided conjecture of Mten ami iboet 
wordi la prevented Tet Poe ia very near the tmth 
when he aawrti that few conaiatent mneigw can be 
arramied which oamiat be eotved If the wwiagij la qf 
any eeawwable lengUi, the recurring ohander nprw 
aenttng aome alphalietteal letter will finally eugikat 
Nome meaning With hie eolntton of oouiiM, the dm 
I l|ili«rer mnet comlate On prinotplea of langmuWi many 
of whlih are the aunt in all tongiiaB 
rar diBpabh and oeoTenlmKO, eitdieni ore od|m 
written In war tbaea by mw geooial to anotiwr tm Bw 
Name aide by aimply wifOag out a numbw of aeataBoea 
giving a partlealar dlracBoo whM tai (MUty will 
haw the oppiadte m«uib« from the imo iadtoMM tqr 
the meneage U eadi a amaeaye abouM tBl tala 11^ 
imnde itf tlM eoeaw, ita Bolntlim woaM to Aamptod hff 
praeeedtag to reaaon oat lha teae momagi WHota htad 
»eot The general dreumatawei a>Mia( at thp Ittak 
might Indirata to the that tatomil «C *at- 

taik' tho meeaige oeaeerid thq (Mer to ‘‘Mtoaafe,” 
though the aotaal worda ad Om matoav tadMM Ok 


funner It la thu putpoae of Uptwr wrItaH la aftaMa 
tn coRTcy in tbcrir mdmtm aa Bnqyla atataneoia aa 
iMMilble in order to free ttom from matphtaa la fidMi 
tnry aUhlre, and alao in the aemt aOatae of Btahh 
iimpiexlty in etphraa eioitea aaqddoii, and otbaata tea 
much attodicii The ahUtty to convey oonnutant fiad 
Hcenrate and eaally Interpretable fieiret mawagak ta 
regular laagnaie ami ta onUuary aantMoea, la taa Ut 
which la to-day aonght by tboaa who meat aaeaeaartlr 
mw the c^her 

A btahly ueefnl and at the bum Uma ptaottotUy 
undeetpherable eotome for alpber writing waa tavaat* 
III by Bacon when a youth of about aevahteea ta Paita 
If ia a method cf exinwedng u to termed It, “aayfbiv 
liy everything and the only condltlan or ItmltaBoa 
pUied upon Ita mw la that the matter Indoded to five 
tlmea lean than that whldi Indodea tt This Ceudttliia 
nrtaea by reason of the tact that each letter of the 
ilpher alphabet la tepreeented by fiva tetton of dm 
writeri ordinary alptobot Wvo lettera are dwaM 
becanao thla arrangement wtll admit of U chaaMi 
iind therefoK will imbracc a change for eedi of the 
Jfi letli m of ibi icngllah alphabet Barun’a artangeaeot 
In on firtlima the cbangni of llvi plarw being repre 
wutiNl with the mw of only two leUcn 
\ U IS prvHented by noasa N ia npmeatud byathboa 


ashab ahaba bobba 

suiaww diao that Iberi be adopted two (brnw of let 
ti ra oa for examplt thi Koman and the Italic and that 
iwib Roman litter npmwnr A and each Italic Mter 
M present B Then a cipher of the above plan eoifld 
la woven Into a mnwage of ouea ngtaral and nao^ 
tnialnilary One could atnd a memage to ’fly,” tarv 
NtaiKv by awMlIng tlw worda Ktay til I come to yoa.' 
The meaaagu with Ita Interpretatloa would to thna 
oahob atoba baUm 

Htayf lllco metoyoa 

Hmugfa of loune^ the mueiagi mat would ta staapiy 
Htsy (III rnme lo you 

rUvre would to here ao algiilficaiioe to the smi qu la 
tlie Hentence, but the penoa to wbrna the aiiiaugi wooM 
Iw neat would have no dlflcnlty In extractliig tho real. 
Internal mra aage In case the cipher were wrtttea hy 
hand writh peooU or pen the Itallctaed lettera oMiU to 
IndleatodbyaadetBoorlaf at«lwproparp|[Bem Ihtodar 
to mdet the mttaaga atU mon dlflaolt to aetata tt 
might to ItogttoMd lato ooe of tWantMei oa 
worda, wtdnaaorlag or laavtiw ptaia la ttle mill itiiili 
cant piacaa ia Bodi a maaDtr aa auha ttaata ef M iOaa^ 
and thcretan to haag thorn trm (rpiiWlMg wlthllm 
words which opimr the aaetet mmaagK Ar taattOMta tt 
we fane# the ptaa of lettlita Ifai^fiad tttfart 
neat B, end the plata tattmii Mg i taw d fa Aa 
manaago "We retaeat at Mktali^” tadtatvapd# ta Itti 
foUowtaf * 

OeMntaOvMgadednwapaattoatoiQiVlVIt 
etdaybnak. Ittadw year (i|M U pWttiMi ta 
coear hlr ynapaettva lotaaata iod attti^ Mo 
_ ta iaaH( ta W tt to tadta Ma lyatatta, 

JSS# Wr 


b«gta#lta% 
ate 
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.te m*r tl^ Mttor lUU MM OOIB- 
. D*kM» W(*l4w OB Ow'MeMt ootMpdbtam 

MitltM •)!«« tk» pMOrmngM pUb tlM oMiy <UUi 
fM(4lMltoi<«at«MM,MaatttoMotaUlwail«BUl- 
/cite fttrt .Bilwf m am twootr woMt oc th* timu 
in«B« *44 «Mk Umn iImU In tUrtr aon^igBllloiat 
momA Iv Umb ^gnUkaat dm to In 
. jMk^Md ty, tattf ttatmteUauA, ot oouw oil boo- 
itotHiNBt WoaM Mill bo writtoB with Bobu ond 
IWioMbMaMlaM jMt u tlN otenlllauit oBco, In oidw 
'thojl ^biM ihBlI be roM tor no OMpIrtofi apoii any 
botHookc port of the wrlttiifr Beton the word ed- 
vrnm BDd alter the word eapafo, in the abore elpher, 
the MMbbn MMdgDUcaiit, thoudh preaentiiit an ap- 
paMMM ahhOer to the other patta ot the writing. By 
. tUMIe^g the Italka Into B^ and the Banana Into A*! 
In Mtorol Orel#, toe oaenplB and then groopliig Are 
lalton to one plaoe to make a letiw of the tnn nio» 
MSP. It Vtoand that the arnngenent tamUiaa noth- 
tog of any Mnnlng, and anefa parte at the writing, ot 
oooM the perton reoelrliig It may diangard. 'The 
gtebter the length of the writing, compaied to the 
kagth of the Ibnor meanago. the mote dlfflcnlt will be 
a natatton by a penoa who doM not know the idan ot 
» tointog It; whlofe la directly oontiary to what la true 
oooeonnng each a diMr u la toond In Poe'a OoM Bag, 
or any dpher which may be reeolred by obaerrlng Iti 
tom and oontenictloit. A dpher ot Individual nn- 
kiwwa ehaneten, U conatetcnt throughout, will be the 
aealet to toaolve, the greater Ite length; Inaamuch aa 


In rwolTlng It one woold wteh to obaerra the oharno- 
teta r^tod In aa many dUforent waya an poaatble. 
While a dtOmr which muid bo naolvad by aa- 
certalnlng tin drenmateneeB Moodated with, it, 
and dodnelng from them ite nMantng, will be the 
aaalaat of aolatloa whMi It la brietoat when there 
ate fewer wmfllcting Ideaa and tower worda. In the 
dpher ahove; the tom woold be anggeative to the de- 
d^ierer aa well as any coodoidons he might attain 
ftoa Ite risible wording and from the moaning of tlie 
visible writing Iteelf, tor the modified shape of the let- 
tors would Indicate some slgntllcauce. However, where 
the lettM of both the ordinary and the secret meemgeH 
are alike, and the oim is simply rdded, or secretly 
placed, wUbln the other, form Indlcatlone do not mean 
very much to the declphoer, and a cipher arranged on 
thia idan will prove Itaetf the most dllltcult ot solntloii. 

If time for arranging a elpher mmagn were of no 
aoneeqaeDOB, It wonld be a fairly luuiy matter for one 
to arrange a aeeret message within a visible writing 
and place thereon no form Indlcntlons at all. For In- 
Btonce, Inntead of determining B‘s by an Itolle Idler 
and A‘e by a plain letter, It could be adopted, ns a pn-- 
arranged plan between the curresisaidlug isirtlcs, that 
every letter In the visible writing which Is follnWMl by 
a oonaonant nball be an A, and every letter followtsl 
by a vowel aball bo n H; or tliet every letter of the 
writing follawed by ono nf Uie tlrst thirteen letters nf 
the alphabet shall be an A, and where followed by one 
of the tost thirteen lettors of the aliihahet It shall be 


a B. But to 80 frame an onter writing as to 
date tills highly reatrieted arrangement woe 
pnu-tleable both because It would re<|ulre 
time to do so, and becaose at times It would 
sary to use words whose meauing would he 
connected with that of the reet ot tbt> writins 
to eomo within the pre-arranged sequence i 
A plan of tbis Irtiid ooold be made and imcd 
correspondonts have uo demand of illaisitcli, 
wrltlug or reading, u|ioo them; but for p'" 
IMSWH, as war or hasty dUdomatlc corrvsii 
writer and render must avoid such dclaya os 
Impomsi. The writer desires to lie able to wri 
niesaage Inatoutly upon fnrmliig It In his min 
having to nio throngh nil Uic words he ei 
mind to order to use tbuse which will issifoi 
pimi. By using the bllltenil alphalwt of lli 
cipher writer may muke any exterior writ! 
nny secret message, and obviously this plsii 
which ban the greatest fsclllty and which Is, 
the nuMt praetleal. Tlie ipiesUnn of how tt 
to bo iletennlncd fnan the U's Is a matter wh 
ho left to the cotrospondeiits thcioaelvm, an 
marking the visihle letters Iwliig prnctlcal n 
It 'msy he idiM-rvcd by the nmdiT. whetl 
i-iiisigh to elude the iiotleu of the IIIcKltlinnte 



Coal MiiMd by Mgdilagg 
Thb subotitutloo of mechanleal meUMds tor hand 
labor In the Utaadnous coal mines ot tbs United Htatea 
daring the lest qnsrter of n century has bcon one of 
tbe most lotoreiiUiig toatnres coaoectod with that 
branch of the eoal-minlag todnstry. tt would have been 
a phyaloal toumalblUty to bare attained the preaent 
enormous prodnetton of bUnminous pual (nearly halt a 
bllltan tons to lOU) If It hod been neoeMary to depend 
upon band labor alona. Tbe reeulta accompllabed by 
(be nee of mining machinaa are threefold: (1) Tbe ea- 
aotitif eharaoter of the miners' omployment Is much 
amelioniUds (3) the percentage of lamp coal Is to- 
erensed, wblch means n better averam price tor the 
totil pradnet; and (8) the cost of prodnethm Is re¬ 
duced. Tbe Ant Is of a bumanlurian cbaracter, but 
the two laat which are purely economic, have boon the 
ohlef Incenttvea to tha ebangtog of mtolug metbads 
which has made the mining of bituminous coal to tin 
United Htetes during the lost twenty-flre yean an eporti 
In the blatoiy of the Indoatiy. In many camii the In¬ 
stallation ot mlnlug moehtoory hoa been forced apen 
the openton by tbe cnuoUnlly advaacliiK OMt ot labor 
and the Deeraalty tor keeplof mining espeneea within 
the loweet pondbla Umlts baeaine of the been oompeU- 
tton md the low eelllng prtcaa which have eilatod for 
■umy yaaia to tbe principal ccal-prodoclng Atateo. In 
lAOAt the Ant year that the otatlalles of tabor cmployeA 
In the coni mtnra of the United Statae ware oolleetod 
and when the twe of mining nmclilDsa were Just begln- 
ulug, the average prodncUon of Utamlnons ceal per 
man emphved wna 6T0 tona and tbe total prodnetton 
wae ebort tiM. In 1913 tha mine empkqrsee 

avengM only (to mraa days In the year, the avmge 
pmdaetlon per man woa 837 trai, and tbe total prodne- 
tton waa 478,838,208 abort tone, ahoot 48 timaa that of 
18Ba Bat to 1818, 948,476809 tooa, or a Utile amre 
too 00 par Mnt Id the total, wars maofato^mtoed, 
wherane to 1809 prohaUy leee than WOOfM ton (not 
0 per MBt of the total) were mochtoe sstoed. At the 
aaaMMto eC prodactiim per man U to 189(1 tha total 
eatMt a( MtaotineiN ooal to tbe Untted Statai tot 1918 
WoaM OBM baan ahoot S81j0cn,000 tone or Bboiit two 
thM 4 ft On psodaot eetanllr won. U the UtainlnaM 
ad^ l^ (forked lan 800 dgya to 4018 toe prodaettoB 
fOjBdkaijp. lB BBte^to 

' ingfatim ^ la The gaaattt# ct eoal ander- 
mtoadh# ton ase^toaddM toiMaeed 
ThatocMBae 

ia tot total prO da d Bt m «m toM ar ^ pw 

■ rtoaMolaa- 

ii-fm Mat. 

toeboB iv 8Bi9r 
atoedoMitoibe 
aMtoptoAiaa- 
* la te*, tea 
i^.pHMtt togatt, 
-Or'^toto^to- 


a coudltlun favnrable to further advuiices in mining 
wages and to the muro extended use of mining mavblu- 
cry to offset thorn. It Is |i> Is* exis.'rtcd. therctore, that 
tho itrudoctiaii of cinl by na-ehanlcal metliuds will eisi- 
tlQue to allow proporilMMle lucnuso until a relatively 
small quantity will be mined liy hand. In nddltinn to 
the economic and humanitertati rcnulls iierompllshed by 
tbe uso of machlucs, another Important end Is nitaincd. 
The larger the proportluii of eiml mined by machines 
the smaller will Is- tho proisirtlnn of ensi shot off (he 
solid vritbont liarlng been previously mined nr sheared. 
Any step whicb mitigates that evil In Uie mining nf 
bltumlnoua coal Is a step In advance, ami as shnwn In 
the aeetlon on mining methods In Ibis report, there was 
a redurthm to the percentage of tvsil mlnetl by inwdrr. 
Hoeent dcvclopmonts In the etmalruclloo of mining nia- 
chtoery bavo provided maehltu<s which are adnptetl to 
beda at any Inclination, so that Ihers aro now prantl- 
cally no Insnnnaunlahle physical obsucln to tbe snl>- 
stltnllon of nutchlnes for bind labor. 

Tho methods of altochlng the coal by machinery an> 
of two distinct types. One bi that ot sawing; tbe niher, 
of choppInB. Three lypea of nmcblnes rci>rc"ent the 
tomor motbmi—the ctialn-brcest, the lung-wall, and the 
short-wall. In tbesn machines the coal b4 ntlspkisl by 
bite attached to au endless rtisbi or to the periphery nf 
a diak, and, as can be readily seen, the actlun Is very 
almltar to that of sawing wcssl. In the second typo of 
machine the coal ta attacked by bits altachcd to arms 
actuated redproeally, ae in tbe aetloa of drilling, except 
that (he work of tbe drill to not conAned to nno hole, 
but la freely changed at tbe will of tbe operator. These 
mocblues are designated as tbe pick or puncher. In 
which tbe drill Is mounted on two wheels end operated 
on a platform to fToot of tbe foce ot the coal, and as 
tbe radtataxe or post-punebar, to wbldi the piston Is 
attaefaed to a post and drill la radiated to one plane. 
This tatter marddiM bos been developed for use la the 
atesp-pItehlBf beda. A new maeblne, brought out In 
1013, oomUnei the eawtog and tbe chopping actions of 
tbe other two typoa. In this machine bite are Inserted 
In the maanar of a aerew around an arm projecting 
from the machtoo. Thii arm Is given both a reciprocal- 
lag and a nvelTlng motion, so thst the cool to attacked 
by boA a chopptog and a anwtog ncthm. This maeblne 
wts not actnolly ptaoed on the market until lOta 

The total nuaaber of machines reported In nsc to the 
Utnmtoooa coni ndnoa of tbe United Rtatos In 1013 was 
16381, on tonease of 1368 orer 18U. when the noinber 
of marif i toe s reported waa 18386. Tbe average number 
ot Iona mliM by eadi maeblne In 1018 was 14362, 
ogatoto ia,ia to 19U tbe average for 1018 beliig the 
largrat toanage per maeblne reported. Tbe best record 
prlw to 1018 was to 1809, when tbe nvengr production 
per'matAtoe wna 14388 tcea. Tbe moot popular tyPM 
ot ma e Mito s now ta ime ore the pick or pimeber and 
tba eMIn-toeoat, tlM tatter bring to snawwhat mors 
gMonl ON to 19181 to }9\9 the targer number ot ma- 
chtow mbA wen ponMcro. Oot of the total ot 16381 
aimbpm ta on to 1918, 6368, or 433 pn cent, were 
dwto-braut; A3n Wtn punebM; 8310 were short- 
wottt 7^ Wtere hiitgMnt and IIT were of tbe radtataxe 
or pMtpteMker tfpo. lUoM goto at tba abar^wan 
.mm» tt toMttUt# to ncsmd to la tbe report for 
6M tti6 i3 ».1W8, tiN Bomber of tMa type 
(jf^awdAia tontof ttioiana ftMVm to 3310; a fata 


of S30. or on iicr nmt. I’ciiiisylraiilu, tin- Isrgi-st pro- 
iliiror of bttunilnniiH coal, Is also first In Ihc total ton- 
lutgn uilnisl by uiuctaliics niid In the Inliil iiunilsir of 
uincblues In use. West Vlrgliils, tile secniid State ill 
eual-pniduclng Importance, ranks slsi, seenud In the 
number nt ninctilnes lu usw and In (he liuiiwgi- wnu hy 
lliern; hilt tbe credit for the largest is-n-cnlagc nt nm- 
clilne-mliHsl osil to Ibo Inlal nutpul bclougs Indlsinil- 
ahly In Ohln, wIkmo output nf eisil mined by machines 
In llti.7 was nn.3 per cent nf the total prodnetinn. In 1012, 
S7 is-r emit nf Ohln’s pnsJiictiisi was nuicblnc mined. 
Keiilia'ky ranks sccoml In the |s>reeiitngc of the trial 
pnsluct mined liy mHcbliiiw with 7113 |s-r cent In 1111,1, 
ugsliiKl (Nb-I pi>r cent lu lltiik Michigan's is-nenlHgr of 
mHchlmvnilinsI cisil Incniised from 02.7 per lenl In 1012 
lu TO IST ci-iil III 1918. West Vlrgliila, IS-niis) Ivanla. 
Slid ImUaua were i<nch crmlllnl with mnni tiwii half ot 
llielr Intal proOuetlon mined hy machines In Imlh years. 
Slid llllimls had IWI |s^r cent In 101.1, enaiisired with 46 
In 1012. In 1011 I'eiinsylvniilii's pimdiiclloii nf iiiiichlno- 
liilmsl eiNl wns tKI.-plT.iriS short tons out nf n Intal nf 
IT.WI.'JIT Inns. Weal Vlrgliihi, with a total pnsliir- 
llnn of Ti;«rt,llH2 loins nqiortml .'g),ilO,2(H tona mtnid 
liy machlnw; Ohln, wllli a total iuvslurilnii nf .10.200327 
Ions, rcpinlHl :<2,0423qM lima us lutnnl by uiachlniw. 
Illliinls's pnsliictlnii nt ninchinc-ininml eisil was 12,880,- 
.'>05 mil nf a trial of UI,0IK,Ti't tons; Indiana letsirtcd 
0.737,420 Inns as machine, ml uni out of a total prodne- 
tinii nf I7,Ifl.‘i.0TI. Jftsrraf Brmumii of Ihc UoMci 
ti/oli* for /»fj. Ilcttarlmeni nf Inferior, bg K. W. 


A Motorcjrcle Street Sweeper 

(Ink Ilf Ibe latest Amcriean novelties is a iiiuhn- eyxde 
street sweeper, says tho Molar Ci/dr. It is mounted on 
a sidecar ebaaau of peouliar design, anil In front of tho 
swenplng moehaniam is a steel hrush whieli aela aa ao 
agitator for tbe purpose of loosening the dirt, so that the 
bnmm will easily remove it. Tho broom is lowered by 
means of a handle situated on the left of thn ilriver's seal 
and when the bnsim Is lu oonlaet with the pavemont it 
engogm thn arluallng mcehanJsm conneeted to llie sjdo- 
oor whool, which causes the broom to rotate. Raising tho 
hnsrm throws the meehanism nut nt oelion. It is de- 
signwl to bo used on asphalt or snsid-paved itrecta. At 
preaent one of these machines is in operation in Washing¬ 
ton, and owing to iu satirfaetory oporation its use Is 
likely to bo oxtonded. 

Andeat Wax Beala 

ItmmmtTiHO rnsulU obtainod by tho Oovernmsnt 
ebomist by making analyses of old wax impressions ou 
doeumonti in the Fublio Konord OAlee an deeerihed 
by Mr. Ainsworth Mitohell in Knouirdgt. Tho seals 
nxamined dated from (he thlrtoonth to the eighteenth 
oentury, and differed but little from modern eoaling wax. 

others of pars beeswax. Two seals, of the dates 1309 
and 1433 respeoUvely, were oompoeed of wax, tho eharao- 
torisUM of wUeh s^wed man neoiiy' with those of East 
Indian than ot Buropcon beeswax. The wax oompoeing 
an fanpr nmlo n horn the Oreat Beal of ISTil) agreed. In 
ohemieal sad phyeioal eharaetore, with pore beeewox 
of to-day. The ptgmrat in the ted eeals waa vermilion, 
whito uie grean oeals ooiitaiiied verdigris. 
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A Stop Motion for Moving Picture Machines 

An Ingenious and Radical Improvement 

By W. B. Mortem 


Etsi mnee intonnittent movement hna been in uie 
perttaulnr effort* hnve been nude to nuke the movement 
of eueh nhanotenatin that the leaat amount nt itrain 
would bear on the part to be moved 
In a oonllnuuui movomunt no foroe u required for the 
nuintenanee of the movement except to ovetoome 
ini idnnlal fnotion and wudage 
In an inteimittent movement however ooniidenble 
foreei an required to aooelerate the miim* from itand- 
itiU to maximum velocity and then again to ntard the 

itili If the aooeli rating foroe ii oonatant during the 
whole tune of aoeeUration a uniformly amelerated 
movement eniuee 

The mmplael form of luoh uniformly aeoelerated move¬ 
ment M given in that of a fallug body whom velooity 
iniruawa uniformly for luoeeamve tune penodi Wa 
know that Iho forre producing thu movement ii never 
Icai than tho wi igfal of the bodv which remaini oonitant 
from the tune that it itarta on lU downward oouiae It 
le therefore evident that if We deiign for a movement of 
the body of uniform aioeleration that the fona raqiurad 
to propil It mult be oonitant It u immatetul In that 
reipeat whether the movement be a tcanilatofy, ai in 
Dutfute* 



Fig 1 —Oiagram chewing relation between dii 
tancr traveled and time referred to a falUng body. 

the race with a falling body or whether the movenieot 
nought iB an angular one 

To enable ui therefore to produoe the intermittent 
movement with a minimum amonnt of foroe actiiig at 
any tune on the mieine it le important to dedgn tiu 
ram in luoh way ax to impart to the intermittent 
xyitem an anguiar movement of uniform inorement of 
velocity 

An intermittent movement which done not work on 
thiB principle of uniform power applioation during all 
the tune available muit needi aet in eueh way an to 
require a greater foroe dnnng one period to offiat the 
defleienoy of foroe during the other period So that 
bv devutlng from the uniformly aooelecated movement 
the maximum foroe required ie greater than that uniform 
one which produiea the movement of uniform aooalen- 
lion In Fig II have ihown the well known relation 
between the dixtance travded and the tune refemd to a 



faUing body Thia eurve b a parabola To aaearlam 
tha vdoeity at any moment, we have only to detanuae 
the ineremant of the movement per unit time or, ex- 
ptaeecd m other wordi, determine the differential quo¬ 
tient of thu parabohe function at that moment Both 
the geometiie qualitMi of the parabola as well aa the 
mathcnatlaal expreanon for ita fnnelion lead to veloei- 
tiea whleh lie on a attaint hue wnanatuig from the center 



Fig 2 —Four alet Omeva amveiaent 


of the coordinate lyitem In the diagram Fig 1, 
thia velocity line If marked v 

In general the force required to produoe vdooity 
changer ii given by the Increment of the velooity, whieh 
in oaee of tha etralght velocity line v le a oonitant 
daeignatad / m the diagram Fig 1 aa tha moremeat 
of the velocity Ima v la the nine for all the pomta of the 
diagiam 

The objaot of the intermittent movaniMit In a motion 
putnre projeotmg maohina b to advaiwe tha Dim in aa 
ehort a penod aa poeobk with a minhmim itiaia on the 
moving parb requmment of quick movnaeat b 
avidant from the faet that dunog the movement the 
ehutter haa to obhterate any poenbk light on the xoraen 
and the longer the movemnit Uurefore the more the 
xeraan la deprived of uaeful li^t Oo the other haod 
the itrain lo moving part* haa to be kept to a minimum 
to obviate undue vibtation both of the maefaina and iff 



Fig 4—The Power cam. 


the Him and to minimiaa the wear on tha deUeate part 
of the maahlneiy and on tha iproekat holn m the film 

It w deemed bnt to eoBBidfc tot tha Umltatloiia of the 
intennittont movament generally known aa Geneva 

la tho Geaeva aovamnt the tuna required b enetly 
one quarter of the turn of the pm wheel If the Geneva 
gear wen made with live dob inatead of tor, aa ahown 
m Fig 3, the movenunt would require one flfth of tha 
ravolatloa of the pin whaal, or, aa It u uaually arpremed, 
la the fonr-alot OflaaTn, tha movemaat and therafoia of 
the 11m, eoven 00 degnaa of the Sy wheel, whinaa in a 
IvMlot Geneva, to mortmeai and ihenfon of the llm, 
b oomiffoted in 73 ihgnoa of to ly wheat 

With to flve-dot Geaavn, to movemittt of to Urn 
roq im ai ooa tfth of to tbrn and to mm, whfle ita- 
bonaiy, oould tnuaut to pbtnre dmini tor Ifto 
of to tfaae ¥mh to tondot Ooneva, to m* b 
moviBg dunog one torth of to tau* and ataadiiit ibB 
tom torto et to tfan* 


Ganovn to 20 per oant in to Ivaalot Gonavn, no manna 
an pomibb by vduoh to make a ohaage aayiton ba- 
twoen toao two flpiroa 

The fonralot Genova, brug uidvarmUy adopted pn- 
olndoa therefore to pomibiUty of dooigBUig to maefaino 
for any other latio of movement to rert, iw dar ta w to 
Ught-tranembaion than one to tbna 

In Fig S, the bniiontal hna denotea thna, whenai 
to vertloallinea may denote movament of to film For 
to Geneva the movement 11 given by Ime G, whMh ihowi 
that from the boguuung of engagement of to pla 
in the flat, to Inareaae of to vekieity of the Hhn b 
extramely amall great inoteaoe in voloelty, howuvor 
ooenn at to pomt marhed A At to pomt e to 
vdoeily of to BIm haa roanhad to marlmum, and from 
there on decteaau in velooity more rnphUy during a 
abort penod j, and flnallv oomw to xero on poaition 
phif 45 

It will be men tot to work of tho Geneva b done 
almoet entuely m to two ihort ponoda A and y, wbereai 
little power ii tnnxmittod at to beguming or at to 
middb of to movement The total itrain of aooela*- 
tion and the retardation of to film u therefore eon- 
eanliated at two oomparativsly abort penodi of the whob 
tune of movement a^ to wear of to Ooneva elot and 



Fig 7 —Five elet Geneva mevemeat. 


pin aa well ea to mtomuttont aprookot * teeth and Mm 
bolea beoomei oxceonvo 

To avoid auoh uneven and exoamve forci both m to 
Geneva itielf and on to film, Mr Nioholaa Power 
dengned the cam movement, ibown in Fig 4 
Thu movement u not lunited to any partwular por- 
oentage for the movement of the film the earn bdnf 
deeqpMd for any nnmber of degreei dented The 
velocity of tha BIm u diagrammatwally ihown in Fig S 
which ihowi in lompanion to Fig 3 that the hutbl 
bmo of movomi nt m u utilired to better advantage for 
aoceleratuig to film and thereby relieviiig to part A 
(ff to diai^am 3 of lb exceaxive nxe 
Such even dutnbutiqn of power tmmmhted from the 
fly whed to to utennittent and from to atwoeket 
to to fllm, acnomphihei to total movement of to Aim 
(ff K inch at a iborter time equal to 71 degreea of to 
fly wheel with a xtraln on to fllm, wUoh ean be gaged 
by the companion of eteepneia of to aagla a aa agafaut 
to angb A 

To ftmlHato tide oompamon, Fig 6 b xhown vtoreia 
to movement aa well aa the foreea required an town 
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nUUic to lhoM< ol tht Oriui^a and tht Power oam 
t(r Pow«f haa therefore nomhiiKid in thu one deugn 
time ehangee of nuahanual uporationa 
1 lihMier time of movement (71 doKreee a* affaiiut 
fpd«Breea) 

3 Catfonn dlitnbutioii of vtrain over the whole 
period of woviment aa axamat the uneveuti divided 
Mtioii ef the Geneva 

3 RedlKtHin m the enKaiement fone from whab 
three notloeablo deaerta am givto in the operatioo 
lit Mon light 
2d Leea vibration 

Sd I^aa wear both on the intermittent movement 
mtennittent apiooket and Dim 
An MVoment might bo ndvanied that aa above men- 



6—Comparlmn of movemeiit and forcei 
required by Gmwva and Power movementa 



hie 8—Another view of Power cam 


tmnud the Power earn abowa more foree trananutted 
dunng the initial part of Uie engagement than the 
(letwva movement and m atarting and therefore kwa 
dealniotive for the film at leant dunng thu period of 
the engagoment 

A rope will hardly laat longer by being given plenty 
of mt mamingi and avomiigi but being overatraioed 
beyond ita aafe eapaaty to a full day a work dunng the 
few houra of a day 

The work that the Uoneva is not doing m the begin 
ning of the movement it hae to make up dunng the abort 
penodt k and j lauaing jirka and ruining the Him 
■pnit kat wheel and the alot and pin 

C ompaniig fliat the maxunum fone required for the 
Genova with that uf a Power tarn of GO degreea move¬ 
ment aa given m 111 we aee that the latter requiiea a 
force which u leaa than one half of that requued for the 
Geneva the two abiolute valnw being 0 44 u againat 
0 944 

Suoh great aupenonty of the Power oam enabku ui. 


Ihenfore to reduit thi tune for ila aition ami atiU 
nmain with ita aituating foni hilow that of a (1cm. va 

Huth oaae has Uin ihuam m hig U by font bni II 
whioh ooneaiionda Ui I be imra aa imorporahd m the 
piojwtion maohmea manufai turnd There the timi 
haa lieen redui^ from an angle of 90 dignea li only 
70 degreea thereby ndunng thf dark period It u 
true that by aueh quiikir acti in (lie actuating font in 
(Teaaoa but aa aeen from bne II it u itill far Iiebw the 
force required uf thi Gintva the nlalivi valiua being 
0 7iJ6 againat 0 944 

Thia eompanaoo in 1 ig b h< tw< rii the foru hoc at the 
Geneva (1) and the Powir lam aa iiaid (II ahiea 
cleariy (he latter a advsntagi in n dunng the time in a 
ratio of 7U degnia aa againat flO degreea and ndueing 
the ai tuating font in a ratio uf 07t'i to 0 944 



big I— DUgrama lllnatrating operation of the Power 


Unit Coni* 

IrrcnTion U colled to tho boat values foi the milt 
Koal Uic puic aubatance fiee from aeb moisture uni 
phm and utbri nilnui tmpmltlaa ihlH value like tbe 
oel lad niohduii may be rvMirded oa Ibi normal factor 
for the mtmil lual aud duca not very In a glveu mlii 
tram yiai lu yiai If for mample tho average unit 
lalue rm n gtiiu inbiu la 14 no Uiiliab thermal nulla 
pn puuud uf thia uiatirhil any aaniple with wbatner 
cuuUut of aah or niulature when caUulated to thia 
nidt (uel baala will give the same average value with 
In the rauge of cxpi rlnKiituI oik r or about 100 unite In 
14 000 a variation of leaa tluui 1 pee cent Thia value 
tuablea ua U iheck tlic correctneaa of the various da 
terulnatluua any one of which It Mrioofily In error 
would vltlaU tbe result (.onversely by reversing the 
raUulatloii we are enabled to ubtain a close eatinuite 
of tbe heat value iinseut ter any gtreu percentage of 
aah This la at apcchU value where It la daalred to 
mibmlt a bid fw toutrucUng In which a gnaraoteed 
beat value la to bo Indicated The formula by which 
thbi value la deiivi d la aa follows 


Units t 


Drj a t u - WOO? 
100 -(lObA -(-CM) 


In which A la the weight of ash per gramme 

S b the weight uf anlphur per gramme 
It every mine operator were to obtain as often aa 
poMlble thia mdt valne for bis product be oould very 
•bortly derive from an averaga of bla log of valoea, a 
baoie factor which wonld be of great advantage to blm 
In a ntmilttln g propoaltlana for coal mppUea 
A apodal aurvey was recently made of certain mlnea 
In the five eountlei named In lUlnole Hie avstaga of 
the ‘ unit-real valnea for eacta mine may be taken aa 
a ccoaunt for tbe ootpvt ef that iptim 



tiH we which can be mwfo oC thaw milir valwa 

titt ■gatpnhfornlatiilktnlilaMnrbemdlly llade^ 

' 8>i tthwb ■(Me O idagm i ■aiwg. by ■. W 


Mate tH elhtHal iamg. liitfL X^ p. lU, 1H8 
•agUir aa4 iMmga ant wa kava beat aaiii iNm i p 

ewt fo 4 par cant Mlow the valam btm Uvea 


stood when It Is remembared that each namber repre¬ 
sents material wbtcb la 100 per cent pnre and that for 
each per <eut of inert matter present aneb as water 
aud aah Ibrrr la a corteapoodiiig decrease In tbe nmn 
Iwi of heat units preernt That la to tay it a coal 
has 20 per cent water and aah, then HO per cent of the 
unit value will represent the beat units present per 
piniud of coal aa delivered Indeed It Is puaallle by 
taking acoouiil of certain reflneaentM amb as i«rtec 
tioii factors (or aulpbor and hydration of the sluily con 
stltociita to make a calculation which will be of quite 
antllcleiit accuracy fur basing bids and luterlng Into 
(untrat Is Involving a guiiantee aa to beat values Hie 
method Ilf cakuIaUea Is excsedln^ almple and la 
based oil tbe foUowlng espremlon 

I ct A Weight uf sab per pound of coal 

Let b - weight of sulphur per pound of cool 

Then- 

Dry Btu - Unit Btu X 100 — (108A + 
06S8 

III UltiHlratf take the unlti value fur coal from Ver 
milion Tounty aomide No 6 In tbe table Hoppuae we 
wish to know whst heat valnte can be guaranteed on 
dcllverlfw from a mine of this groop on the basis that 
we call fomtsb material averaging oa the dry coal 
12 per cent ash, and d per ont snlptaar we will bave 
our total non combustUila matarlal oorrebted by tbe 
above formula os followe 

Peroent 

lOHA 1298 

OBIUf 100 

Total 14 81 

180% — 1481% — 8088% 

14780 X 85 88% — 13078 

In this oBlcolatlaa the snlidRir bM been neglected It 
baa a small hast valne equal to 0000 Ubm the weight 
of eulpbur praaest or SO tlmaa the pensntage number 
thw 

no X 7 =- UiO ODlts to be added to the above value or 
13578 
100 

12738 Bbn 

Deltvertai from thia mine tbepefore having aah, and 
HUlpbnr sa Indhtated above eon be depended upon as 
carrying 12738 beat unita per pound of dry' coal and 
this flictor abenld be aoenrate within 100 nnlts in 12000 
orlMitlianavarlMknod per cent from values aa they 
would be detecmlBed hy direct reading tren an inrtm 
meat Any other eat ot valwa for tab and snlidrar 
weald atmUariy admit of ready ealenlttioo and idiODld 
be wad M a basis for oalenlitinna InvolTlng gaaianteea 
of iMlvariw on a hwlvOBlt bufo U the hwt unita on 
the‘W «wl batis an dmdred iwBBliig teeswpto 


a miiUture factor of 11 per cent the above value aa 
derlnd for dry coal should be multiplied by OWl 
that la 1272H Btu X 0 80 10818 Btu per pound 

uf the wet I oel aaMimlng a molatare factor of IR 
|a>r ceul as Indicated In this cunoectloa attention 
Rhuuld lie given lu Cbc asanmed values which It is PM- 
IsMcd tci maintain tor water and aab 

LiKhtung Rode 

Ivin today nallv few people ondprstand wbat oc 
curs when there Is a flaab of lightning or the part 
played hy tbe lightning i sL Some very Interesting and 
viluabli lufunnatliii cn thcae mattirs and on Ibe pro¬ 
tective range of lightning nahe Is gtrin by J and J b 
11 Imrmcir In the / luccrdinye of the Royal Society 
Amuiig olbei things they say Flectric discharge lu a 
gaa Is a rupture it g a line of force and not over a 
HurCiCc 3 he Initial niptun Ik to he ispccted at a 
lilace uf maximum (irce and apreada In both dliecglcma 
ah ng tbe lliu of force tbruokh (hat point la tbe ceae 
Ilf a lightning rod tbe discharge would alart at the 
summit of the rod the place of Dicad lalciiap strain and 
Rtrtke away from the real Once a line of diampllvi 
dlKharge Is esIabUabccI llie uc Igliborliiaal of a llgfalnlng 
rod esu have Utile effect and a slmih malhenialhal 
lurestlgatlou shows that a thin la dated rod will draw 
Ibe discharge hardly at all unle«a In the iiglon around 
Ita snmmlt and Itaat tbe modlflcatlc n In the Held dne 
tu a ttaln rod la negligible along Its tddea tinleaa close to 
It It la the bnUdlng cerrying the rod which modlOea 
Ibe Odd and directs dlacharge to Its own iipiar part* 
which therefore need protcctlini by cinductor) ade- 
i|uati P) draw off tbia discharge to earth and tcrtical 
nal') Joining together if need 1 c lower d )wn but ria 
lug from the comers of tho structure to a height which 
need not exceed about bolf its I nadlh will lin up tbe 
field of concentrated electilc (one (r m tbe region dl 
rectly above tbe bnllding to Ibe rcgloi ah vi tbi Ir aiim 
mita and will so take the dlacharge I he roda may rise 
from an eartb-counected network s| reail e>ver the roof 
bnt uulcBi the mesbee are line cnvngb t > approximate to 
a complete metallic covortng It la qncellHuibli whither 
It wimid In Itself i>rote<;t a liilldleg from a discharge 
striking down upon It A sprirnd of connected metallic 
indiita some belght above tin building w uid apis ar to be 
mure iffertive and might evin bv themselves snflice to 
tahi u|i and guide away any likely stroke In fact If 
wi neglect Ibe discharge from the rids Inti the field 
their effect la mendy to provide Ilie caalist and moat 
probable path for aueh ettacharges as may be attracted 
by the structure The discharge from Ibe peinted ex 
tremltlea of tbe rods sdds of course to the protective 
etfoct by slowly bnt continnonslv reducing the strain 
In their neUfhbortiood and tbersrore the liability to dle- 
mpMve dieeharge 







By Joseph W. RichardB 
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Wk Hill iicxl I'ouHldDr tlie iiii«!«tluii of tbe “fund 
hhIU." In iiiitiire wi> lliiil ii nutiibur of uiutulii In tUr 
iiiiiU> Ilf NiiliH wlili'li lire funllile iiiul wliliii laii lie 



few dulliim ii ton. If eonvertinl Into mutnllle wdluin 
on tint uiu> linnil iiiul eblurlue giiH on tin- nlliur, one 
niirtli wvcml liiiiulriil dullarH iwr Inn, mill the olbef 
wiirtli tifly ilulliirs ii ton, you euii m-e lliere In a grent 
iHiinunilr kdIii. i'hi- value of the iirmluet le out of all 
pi'uiurtluii to the i'uhI of llie raw niaturliil, auil the 
iheniKHt way to do It le olortrolytienlly. We hare, 

IlHTefure. nil.roue wdluia wurkn inaniirnelorliiK whII- 

inn mill liihirliie fniiii wmIIuiii ehliirlde. Kudluiii Hniir- 
lile la n Htruniter wilt tluiii Mmlluin elilurlde. anil If 
ailxivl with tlw liilter la lait dceoiniHiHoa by tlw cur 
n-nt. Imuiuir II la a weaker aiilt The audliini lluurlda 
kee)ia llu' inelllnKiailiit of tlie lietli duwii, anil auablea 
Iluan III work It at a lower teiniwriitiirc, and tbiia (ul 
a loiter rutiim of malluui. Tbe imm hir mdlam In- 
ereiiae greatly iia the iirlee Ria« ilnwii. (Jp to a 
ivmiile of yearn ago auillniu niakera were iiHlng i-auiille 
wain (NiiDll), eiiatlag alHiiit forly ilollnro ii ton. Tliat 
WON eually, mill Ini-reinoil tbe price of tbe aoillnui; but 
by gulag Iwek to the orlglaiil atalliiin eblorlile, aiul Unit¬ 
ing eletiriilylJe niethoila by ikiilrh It l■onld ta* nllllxe l, 
IIh< ivoit Ilf tbe iiielal luia lUiiHlilerably ileerinaeil. 

I'lileliini cblurUle iHviiro la a auuill extent In nature. 
Init alainkl pro|ierly Im< lianaeil aa nu artutclnl aalt. 
We liave lieru an Inlereetlng tllnatriilloii of mint ler 
inellaal af elivinilyxing ii fmieil aalt. iiie liulb 
ivnalata of the fnaeil ealviain eblorlde, raliiiini la ao 
light that It fliuila to tlio aarfare of tbe Imtli, and when 
It Ihinta It la eximawl to tlie air, and la apt to take 
Ore. Ky pulling (lie liilbodo Juat In euiitiiet with tbe 
apiwr oiirfuin of tlie electrolyte, tbe liuttnn la depoalted 
ugaliiMt tla* elivinale, iiud wlmi It reoebea a given alxe 
Iba iilevtriNie la lifted a bit. Tbe foiled aalt aeta on It 
and pnilivia It from the air. By continuing to alowly 
ralNe the elKirude, tlwre la nbtnlneil an Irregular mi 
of IIk> iiietal. You laty tbe na-tnille ealcliini In a atlek 
alanit lau' mid one-bnlf Incliea In diameter. Juat oa It le 
drawn away from tlw Miirfare of the electrolyte. Metal¬ 
lic iiiagiiealiiiii le made In a almllnr way. With a 
aiaicinc gravity of I.T2t It Oonta to tbe aorfacc. I bnvo 
never aeea any made In that way, bot I bear that the 
mine Bmi lluit makea calcium makea metallic mag- 
uealnin In the name way. 

t'erluni In oaeil for WelHliaeli giia niaatleo, which con- 
taln tliorlum and cerliini oxide. Tlie realduo from tlila 
inminfactiire la plleil up high In tbe Welabaeb f!om- 
IMiiiv'a yitrda at Oloiu'cater. It la abont Imlf <-erlnui 
oxhli-. Dr. Auer von Welabuch atarteil to we If he 
iinild not ulllixe tlila realdne, nod ba bngau by atudylm 
tbe prii|K>rriiw of iiwtatllc ivriimi to ae<> wliat uaefnl 
pro|n-rtlea It miglit have, lie waa Impreraed by tbe 
Htrlkliig limperty which It ban of giving aparka. aad 
fonml by exiwrlment that by alloyhig It with Iron he 
lonlil gn*atly liM-Tenae tin* apark-glvliig pn>|a>rty an aa 
to make It uauful In thoae llllle clgaHlglitem with 
which we are all familiar. The alloy iiaed In tboee 
llghtera la made from tla> wiiate cerium nxMea dli- 
wilvcil In fiiaivl nuorltbai. It la |iat Into an etoctro- 
lytle liatli. In Muiiewlmt the aiinie numner an a eblorlde. 
iiw o4lH>r mr,> iiwtala (Untbanum, didymium) are al- 


the pnavaa. Tbe orea are ao complox that tba opane 
Uuii baa hot yet been made a eommarelaj auciw. 

Klectnilynla of aalntlona bi fuaad batba la a prlneiijlo 
which won dloeovered by Mr. Cbarlea kL Hall, god 
baa been tbe foondatloa at tbe wbula aluuUiuui lndi» 
try. It coatn conoKltrable uuuiey to get pare Blimi* 
luimi; but If yon do nut get It pure It la uaelam br 
many purpooea. Mr. Hall wa« tqrliig to docoupeoo 
iilumliui (AtiUi) electrically, and be coticelTad the Men 
that If lie could Hod aanie fmed aalt which woold din- 
iwive It tbo problem might bo aolved. Uryollta tron 
llreeiiloiMl In iioed for tbat puriaiaa It luuka llko wax 
or Ice; Ita name “iTyotlteb" meana “Icoetune." It foaeo 
at ljUOO dug. Oeiit, and when fnaed It la aa limpid or 
cleor oa diatllled waUir. AlanilDa diaaolrea In It like 
Mugar III water. Take nuch a aolntlou, put electrodea 
In, |ian tbe current throogb, and yon get out alum¬ 
inium. You have to rotileulsb tbe alumina aa tbe 
Hui>ply In tlie bath becomea depleted. Tbli Invention 
of Hr. Hall la tbe coruer-atoue of the whole ahmilnlum 
luiluHtiy. There la probably 100,00U homo-piwar being 
luual to muiiafaclare aluuiluluiii. Thu output laot year 
waa aomethlng like 0(l,()(i0 metric tuu^ of which about 
iO,OUO were manufactured lu America. Tbe extent of 
(bla Infaut lialuatry la amaaliig; It raplacw tbrao to 
four timea lu weight of the nietala witb wldch It la 
cuiutiutliig. becaiue of Ita very low aiwcUu gravity. 
Tbe output of copper lu tbia country, la now about 
ri(M,iiUU toiiB a year, nial In nearly atiitlunnry; wblla the 
outiiut of aluminium, atartlug with alnamt nothing, baa 
been doubling nearly every year, imat year, Including 
Cauado, the Anierlcun uutiait waa actinia ted nt W*,000;> 
UK) laiunda. Tbe ciHUiiwrclal Importance of tbIa abouJd 
appeal to na. I believe tlMt elumlnlum la going to give 
copper n hard race. There In comilderably more >luu^ 
gin for redming tbe coat of aluminium and aelling It 
at a lower price than ttiere la for ivigier. When copper 
gela below eleven centa a iMuml, many mlnee have to 
atop prmlacliig; but aluminium can be lold at a prollt 
at a price lower than (lie coat of one equivalent amount 
of i<n|iper. 

We now come lu tbe eledru-tliennnl metboda and 
electric fumacea. Tbe electric furnace waa Brat nied 
to fiiae iiictala. There are itlffereat kliula of elactrle 
funaicea; you can claaa them tnoadly Intii reelitance 
fariiacea and an- fumacea. Reolatance fumacea can be 
Niibillvidcd into tlie dlrect-reaiatance furuoce and (be 
Indmilun fumani. Tbo dliect-reatotaoce fnmoce la one 
In which tbe material la heated directly by tbe peonage 
of the current through It, while Id tbe loductlon furi 
imce It la heated by on Induced current, lu tba ace 
fumair, where you nee tbe arc, there la aloo aoiiie 
laait generated Iv the rnhrtauce of the electrodea, and 
Home by tlw paaange of current In Hie iimterlnla, where 
the arc Juiiipa to the nratcriala. Tbe reolatance of 
tlie arc, however, will nnvinni for TB to 00 per cent of 
tlie bent generated. 

Tbe fuBlim of metala wan Brat tried by Blamena In 
Hnglaitd. Ho lined a little erurible, making tbe bottom 
of tala crucible one electrode of bla fumnci^ and (bo 
other terminal on electrade entering from above. Ha 
pnblleheil bla paper before tbe Institute of Telagrapble 
EngbieerB hi Rngland, because be could Bud no other 
acleutiflc loclety Interested In It He rigged up a little 
aatomatlc regulator to itep tbe are emutont aud bla 
Idea was to oieK fted dlra^ In tbe cmdbltk ■ cnMl> 


fora tbe beat genantad lu than to tbo noNMk MaW 
batb. Tlw elreoludon la and out of tfaaao nghibdli 
00 ncUvo, bocuuio of ttia ‘Vneb*’ ftna bad Its attgod- 
out '^iiirr Mbct that tbglr m ^ oturo ^m fU w *. 
exeenolve^ and tbs boat gMwra t ad la tbaai ta- lajpMtf 
tnaafemd to the mala botb. I bare asn tbia . 

wotklag very prettily oa bn« and eaet tma,. gad I 
believe It bos aa moodalBg a fatare as any glaetrtg 

Tba Btaaeauo fnmoca H a trpleM arc rbdiatldb lMr>. 
nnee. It la usually run by threapbeaa «ulrr«Bt tbo 
three am being kept oiaar of tbe batb of awlal. wbldi 
la hentad by direct radlsttou troa tbe hn ec latfliwt 
radiathm from tba root Tbe ttrae ileetfodea aM a 
little above tbe aurfaoe of tbo batt, at ggual aagakr 
dIaUnc e e and with aa arc aprluglag bgtwgan thaai. 
But In practice the arc may. anally pass to tbo batb 
beoauae of tbo metnlllo vapors pmduead In on latMWe 
heat like that The air In tbe fanaoe bacomea ^olto 
condnetlve from atHcoa, manganaa^ and Iron vapofa, 
ao tbat you eon have a 0 Inch arc with about 90 volta 
ocmee tbe phaaaa; it le similar to a meromy arc. 

Tbe indnctioa-fumace^ of which there an gavgrgl 
vartatlona and typec, are a great triumph cf metalliir^ 
glen] and euglneering art I bava the gwateat raMWet 
Mr the man who Bnt built a tnruaca IDm a trono* 
former, with only one leooadary turn, put a primary 
right In the center of that ring, and encceeded In keep¬ 
ing It cuol onotigb ao tbat It did not melt tbo Inaiilarion 
oa the wire, and tnnimltUng tbo magnetic Sax throogb 
tbo lutwvening apace and matarlala to tbe metnl 
which wu to be melted. I regard tbe ludnetloa-turv 
iiace aa a marvel of engineering conatmcMou, nnd It 
was fortunate tbat It bos bean taken up by tbe Oar- 
mano. It was Drat worked eommereUlly In Iwadea, 
but wee devised yaara before by Mr. O^, of Now- 
ark, N. J., who tried It, bot did not moke It a eoui- 
mercUl aneceoa. .Mr. KJaillo. m ayrioge; Bwaden, 
did It eommarclallr, and than tbo Oerraami took boM 
of It, and atw* to It, Improved It, and with tbelr 
great tenacity bare overcome the dllBcnKles and made 
tlie IndnctioD-fnroam better than I think any otbar 
nation could have made It Many Have tboogbt tbat 
tbe Induction-furnace would drop out of the rare, but 
tbe Qerman la coming atoug with aome fortbar |pi- 
provemmta all tba time. It la better adapted fur melt- 
tng and fceepbig steel melted tbau for reOuIng tbo ataai. 

It la not very well adapted for roBuhig tba stoa) ba- 
eauae of tbe limited rarfaca azpoigd. Ttw Ownaai, 
bowever. aro orercomlnc even that dlOcnlty, and have 
arranged e large open batb In tbo cantor of tbalr tar- 
nace, a batb In tbe middle, wberg there Is roam for tbe 
octhm of tbe chamiealB tm tbe iteM for rednlng It 

Mr. Peal Haroult wiu tbe first one to molt stool com- 
marclally In an electric foniace. Hd woe not a stall* 
maker; be waa on eieetrtcal aaginaer, and be oaad to 
any, “I do not know onytUag about otsal, but I am 
going to loan.'' I tblak ba aiueeedad by leanlaf 
aome abort cuts. Ton kBsw we ftwliHatly aro baadl- 
capped by knowing too mneb aboot a thlog. Ho mode 
a new fiuz, oad mad tbo aro; be nasd It ^iboot 
kanwing Owl nooto tbiagi ewW not be dowi,” and tig 
did them. Hie fumaeo waa aotblag amn big laai la 
outlbM tbaa OB opoD-haartb tanaca. Hta Idea Waa go 
build a tUting opro b aaitb ftmaew and to puf Ua Iwb 
Mactrodag tbrongb tba roof abovo ftao bath, tbwldm 


lowivl to Hiny In iH-cnime they do not Injure the qnallty 
of the alkiy. There la no works iiiuiiufRiInrlng cerlnm 
at tbe present time In tbia coontry; but I visited auch 
wnrka nt Trelhni-h, In Anatrlu, last year, nod I under- 
Btanil that l>r. Kuttlogcr hna been over bere couald- 
oTing where to put up a plant to mauntmetare theeo 
niloya from tbe realilueo which are In tbe yards at 
(iloui-calM-. N. J. Tbia lutluatry employi tliree or Amr 
tlimmaiiil workmen In Anatria, and there la do rtnaou 
why we ahould not have a alinllar Indnatry over hero. 

1 iiieiithui Blue hero becaiiae a great deal of money 
luiH been fqicnt In trying to mannfactnre slac ciilorlda 
nnd then to elmirolyne IL Tbe Idea U to troat tboee 
nmiplex aulphlilu orea which contain nine with chlorine 
glia, ciiuvertlng the xinc Into chlorida, oopamtlag It 
from tbe other dilorldce. purifying It, nnd the fiarmlng 
of It n batb, elertTnlyalng It and gcttliw buck tbo 
t-blurtiie, which If lined again In the roriy put at 


blefni at n time, by electric beat, la imiie of bto 
tasta he obtained about BO per cant thenaal aOcIcBty 
ftir the purpooo deolred—I. e, tbo beat to tbo oMtod 
ateel waa aome 80 par cent of tbe baabaqnlvalint «d 
tbe electtolytic energy need. Hla fonmcc nsver wmri 
Into commercial nan; but H waa fnUowgd ams twrogy 
yean bitw by tba fnnince of Mr. Baroalt to tbo lavoy, 
rnnee. wbo was tbe first to bavo tbe Mm of fMtng 
Btoel to a targe fUrnaea. Olrod algo enai twe ta d a 
practicable Btod-nietttoff olactrie taraacw and tbaro aro 
anveral torma of SQweaa ft J todnetioa fomacia. gPItbln 
tbe next five yaara Mr. HartoTa roatoliben fungea WOl 
abio be roabtog stSal. meftrle-nmee atoat la npWy* 
replaeliig erndUo gtael; It wUl pMbaUy nptacc Mato 
tlMly to tbe next ton yagro AS igggi aadl M bM* 
filed by a abort oojoara lb tba alaetrte fnafiaik aat.tlw 
Uttar wlO amao tote laift laa ga gbi adfpMd la'ri^ 
opondMartb ataai Anaca aad tbaSifiMMyagVNMgft 
Mr. notogW ro aU toa ca tbwiMdg ite'Iggili'jHli^' 


of potting two aicn-la aaiUb wllb the batb at ga togN^ 
mediate onoductor. waa aaroL pgMfifaH'^ 

Mm cf inaaiag ataal.by'tiro eUctroiMi ta ga gtMtriaf 
rnnaow paagla* tba two ayca tbrog«b> 
alllca'Mag. Mr. BagcoltW fa igii i g bag'-baiw i^gmn ril 
npoa or medttad Mr, fiftitd, Wba. gpga ably 
Diipr "Maetroda gad tmtafik ngg- ^lg»tr. 
tbroogb tbo bgartb of tbg Jbobaew gg ttaft lb Jwa 
mm trg, gad tgkga a^.tbi gqrrlgit'M^ . 

trade rogniag tbroadb 
etoetrodad la'IlcHn'aiw 
dowtoiiMtligirgidlggotM. 

a>gc^,tgbd^,j ^jaf;gdji^ 
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al CMHmuMk .to >Mt«i 
to pk* oat «0l7 « 

Imt lto.ao>iivoiiiKb 
It i« mad* by brto|li« « raUtlla bora 
Ltill toUib hidnctti pM Into u elwttie'tre, wImm tJwy 
'MV Iwv.to4 to V Twy Ucb tMupmtoN. Tba Mit i« 


riij UW , by thv liTdiagat to notol. uid tbo npon 
p mi t t rt W« dkfttoa Mm ttov ban > cbance to n- 


<MpbM U la tba aanw opafattoc prladpla aa la oaed 
aV'tlM ItoatlM of atnoaplMrlc aHragan In Norway. 
InCM to totof pot on Um mathM for uae in cnatliif 


loiHdaatlrl^’ aopiMr> Thh la ona of tbo nuat recont 
vniatiaam at tba ttootild funaoR 
tibKlapara JtXIa, Ut. Itoia la tadiHliit otdtoaty alUca 


took no Into tba oaitormdom wotfca at Niagara, 
bbMtod too a baml oontalatog tooMthli« and told me 
to. tom wbat it wna. 1 made two or tbrea rain 
IMto t a , aad ba bally toM me that It waa allloon. 


It tM tlaa natallle allioon waa quotad In oomuiaielal 
ptlealWa at H a ■ramma (|18 a pound), no lald be 
wanted to bd lona uae tor It Blllcon la nomewhet 
volatile aad 38 par oent of Ibat which bo puto Into 
b)B tarsaea goea in In anofca lie la now making alll- 
oen at'NIogara lalla by tba ton. «Uca li mixed with 
CMbon^ pot Into a furnace heated by a cnrfaoo reelotor, 
tba nUtnca ot aUloa and .carbon being piled aronod tbe 
natotoTi and Un metal flltara down anuud tbie raa'a- 
tor and runa oat oomethlng Ilka alog. It la belna cait 
Into T me la for uae in eliemical worhi. Ttaita In tbii 
nuMt abnadont element on earth now commercially 
aTallabta at a price of about ela or aeren cento a piniid. 
Ona can only epacnlato oa to tbe fatnre neee of It; it la 
amde froai tba ebeepeet materiala; the reducing agent 
Iv dmnp enriun; and yon hate metallic allica frtNii Um 
eHepIrlo furnace, 

alno Induatry le attracting a great deal of attm- 
tiOB. It la, apparently, mm of tbe laaet prugrenlvp 
of tba awtollartfoal bidnatrlea. LltUe blta of retorta 
are banted to a Ugh temiieratara, a few abovetoful of 
ronatod ora mixed with carbon are pot Iota each retort 
and left there tor 34 boure. BterytUng hi done In a 
tent bammopatblc way, and yet It la ao dlfllcult a 
metal to bandia that It Is only by bolding feat Um 
ground galBad that It boa reached Ito prenont otntua. 
Tbe electric fnmace elne Induatry baa beau made anc- 


emNl In Bufopa; tfaere an worka In prulltoble opets- 
tloft in Nontaj, Sweden, and riaiand, while much 
mUlfn) experintentliig baa been done la America. Uat 
ymr 4,000 boteepowev was being need In prodocing 
abM to go a iHto natla, and T,0IW taorae-power bae bent 
added etaoe then. The flrma are tety reticent about 
their metlaode; to fact, there la no teUable pnblUlied 
data about tbeir prenent tyiw of fnmace. 

Tba mannfactnre of rernHuanganeee, torro-tnnpten, 
etc., tor making epecial etoele, to done aliuoet entirely 
In the Ueotrle fnmaco. Tbe oxide of Iron to mixed 
with tbe oxide of tbe metal to be redneed, with luffl- 
dent catfam for reduction. It takea nbont half a boree- 
power year to produce a ton of HO par cent fem>- 
ellloon, tor Inatonce. Tbe chief neat of Utia Imluatry 
la tbe Batuy. In BVance, toit tbe Industry to gaining 
gronnd In tbe Ilnltod Btatee and Canada, and linpurto 
arc decraeaing. Staeaanu. to Tnrln. waa tbo Orat to 
make each alloya, nolng hit arc-radlatlon runtni'e, but 
enonnoiia fnruacea (Helfcnsteln'a) of n,U0U to in,<xiu 
boraetmwer are now noad In Uito Induatry, which thus 
led up to the electric furnace manufacture of |ilg.ln>n 
and plfetoeL 

Tbe mannfactnto of the ebeepeet metal we luirc from 
tbe cbeapeot ore we iMxe by electrometallurgical pmeuan 
la, I suppnae, one of tbe greatest trlumphi of eloctro- 
metallnrgy. The electric current can really be need fur 
doing whet to now done to the blnat, and It la isiti. 
altda under aome circumatancea to ri'plnco It by nii 
electruineUUarflcal furnace; that to tbo Inat trliiniph 
of elactrumetallargy. 

In one llttie ptoce la Sweden tbat 1 vtolted two years 
ago, charcoal sraa getting amree, and they were Im- 
porUag coke from Kngtond to ran their blast-fiiriiarce, 
and the qnellty of the product waa not tlut of Iron 
made witb charcoal. They were mneb Intar^teil In 
the electric tnmaee, bocanae It rcqulrea only one-Uilnl 
01 much fuel to make a ton of pig-lton os tlie bbirt- 
fnmace. In tbdr htoat-funuicai, with the charcoal 
oratlable, they conhl make 300,000 tone of pig-lron, but 
In the electric furnace they could make 000,000 Iihih 
wItb tbo oame fuel; ao that was one of the Indm'c- 
menta to nee the electric fnmace. Tbo Hwedea spcTit 
a qoirtor of « mllllou doltora herure tlxy bad a 
mcceaeafnl working fumnee. They did their work In 
a moet arleotlllc way all tbrougb, wafa-bed tlwlr tein- 
liemturce and ell the condltkiiw, and knew exactly whnt 
tlwy were tlolng all the time. Ae a imt result, they 


OMde pig-lruii to (be electric furnace oa cheaply ue 
they can In tltelr btoHlrfomaceg. The Jem Kontoret 
(Iron Muatera’ Hodety) bonglit tbe pateati for the fnr- 
noceo, so that they became tbe common property of 
all the Itunmaetera of Sweilen, and they have buou 
putting up ^lrnacea pretty rapidly. Tbe lait one waa 
deolgued fur l'J,iNI0 botsu-power. It liaa been running 
for nearly a year at from 0,0011 burasiiuwer to MJXKt 
huraepower, making SR haia of plg.lron per day. If It 
were run at full capacity, 1 tlilnk they could make 
too tone a day, which to eiiual to tbe average capacity 
of one of their btoot-fumaces. 

At Domnarfvet aud Uagfurs, In Sweden, tbo oame 
thing to pending. At the latter works lliey calculato 
that with this large fnriian- there to a mnrglii of |2Jto 
per ton on tbo ivat of plg-lnm, to tlie advantage of 
the clectrliai fnmaco over tlwlr hlust-furiMcea, so that 
electric fiiriwco plg-ln>a la belug iiimic at a pruni and 
rhoaiier than It could be made la 1 Im> blust-fiimace la 

Tbe pomlblllty of innklng a prisliKt from tbto fanui<i> 
which to not pig-lron, but which, as far as caiiMSi con- 
toiit to ciincemd, will luivc hi la> classod as eteel, lias 
been provod, Tliat product, with loss Uian two per cent 
Ilf carbon, to In ronllty liiiiauv a(ei>l, and not cast Iron. 
It Tcqulros only a small naamnt of rellnlug to bring 
It hi imre stool. With the excess of Iron ore present 
In the fiiruaco yon cun make a Inw^airlsiii pnsluct. 
With electricity to fumlali tbo hwit, you can rogiilale 
tbo rarlsiii ao os to mako a prnlui‘1 with only two per 
cent of Ciirlsin. Tills la a pnwililllty with an electric 
rnniace; hut It Is not n posslblllly with the blaat- 
rumace. We can thus make pigetcol, wllli loss than 
two per cent rarhon. which can be (oiivertcd In tbo 
ojien-hoarth fiiniam Into pure sleol In ahont half the 
I hue that the onllnary product of the hlast-tomnce 
takes. Tbto will bring advantages sitli which tbo 
Mast-fumaco cannot iwaslbly compelr. In tlie case of 
the problem being workeil imt, plg^tecl will replai'e 
|ilR-lron for tbe iiinniifncture of steel; this opens up 
the possibility of tlio electric reiinctlan of Iron ore 
going Into use In |)lni>ee whore othcrwlao It would not 
go If llw prmliK't were simply pig-lton. It may come 
Into (lanadn or along our nurtbem honlera, where 
wate^J«wcr can be nblninml clieaply, for there Is tba 
large expenditure of .3,000 Imtse-power honra per ton 
Ilf pnslnct to Im na-koiMal with, This will bo the next 
great advaniii In iIm cicctnaiielalinrgy of Imn ami steel. 


Artificial Production of Caoutchouc' 


Considerations of Synthetic Production of an Ela.«;tic Colloidal Substance 

By F. Willy Ilioricbien, of the Koeniglirhcs Nnlional-Pniefungsamt, Berlin* 


To <iUMttim”o( tiw ortlfleial production of rubber to 
B pmUMi of the greatort oomiiiianial and aokaUae Im- 
purtoaMB. The 'toynthetia rubM phantom" wkicb for 
uone tMe I»at greatly egitotad the ptanton and oU in- 
toiuatud In tha eoUestfan of wild and plantation rubber, 
to ftiil iu preeant In tim mnnory of oU, (hot it hardly 
•aavu neeamary to dwell lure upon the oommecetol hn- 
poctonM of roblMr gyntfaeata. On the other hand, hum 
« putdgr ge iD B t l fln viewpoint there waa preraled the 
IKubtom of pnpodng for the flnt time, gynthettooUy, 
• typlaul euDoidal aubetanM and to- dtosover rolatHns 


It tottaefute evIdcBt that the above problem waa eagerly 
■PpibaulMil (tom vMtmti ooglei of MtoaoeoBd toAnology. 
WhOo 1 am hen giving b ahort wvtow of the preeent 
•tote qf aableot 1 miMt At the Mme time limit my- 
■i((.tV genml MHpttol mofai pofato. Oomptote ra> 
todgnltqk^ tho ktibiMt to, of peorae, oat of th* queo- 
titos. 0 )^ • VmB poitM of tiM work aoBompluhed 
In temAnlM bboiBtiittoa «■ Ihto mUMt to nude 
' AIM Bhnto^. is hto 

« Ittt, .w toh l M to d that the ehumtohl eonmltttUon of 


UBtitoSl Mostohow aiHii; oa n IJlHlImethyiMyklooator 
'tPiuffthefbrmiitb 

CtoaiODi^d-OH* 

KinH;<ii|tflr'toi«9<Wit> ^ gyntMto ^ Dw totaM^ 
' w iSuftoa ftuf .«hv->wli of «to Mrty dtooonnd 




by Williams,^ wea a oolorieui liquid which boiled molly 
' which oould be eonvertod into a rabberJilcii aub- 
ntonM by polymuriution In the prawnoe of oqueoua 
hydroehlotie onid. TUden* had olio found Uiot, in 
the some way, toopreoe wbinli, IneilditioD to lieingfonnnd 
from oaoutnhoue, to produced by passing oil of turpentine 
through red hot tubea, waa nouverted by hydroelilorio 
ooid or nltroeylehlorid into eaoutohoun. Ifowover, oa 
in apite of many repetitiona under varying eonditlona 
of eiperlmentaUon by other invoaUgaton, and even by 
TUden hiraaelf, It woe no longer poarible to obtain the 
mme result; It was aammed that a purely aooldentld 
obeervation hod been mode, and that the materiaJ ob- 


not be datormined to be oeoatohoue, waa not really a 
oaOutoboue and that tiie slatementa of Bonnhordat and 
TUden wen bomd on amts. 

As a rmult of the eoMmoua inereum of tbe prices of 
rubber during tbe loat few yeeie and eloo beeouse of the 
gaolouf aotoatifle attention to the euoutahouo proUmn, 
parttouhuri^ by Harrieo, the otteothm of a large ebele 
of people, portieulaily in the industrtoe, was drawn to 
tba problem of the ayntbelU produotion of eaoutebono. 
The noult woo, that Nta Hofmann and Cml Coutalle,* 
ebwntota of the MIberfeld Iftrhenfabtikmi vorm. Boyer 
ffc 0»„ oneoMdad in 1900 in ooDvaiing abwlntaly pare 
Mupnne, wUA they obtafaied by a nerw method, into 
by riiii^ heotliig it in a elo«d tube, either 
by itaelf or in the pteeeoee of oertain otfaar sulMtaMee. 
A M»ple of tbto eaontidioiw wno aeut to Horrlea, who 
proved with oertainty by ehemleoi taeta that In thto ease 
eBontebono aakally nnItaiL Binea tile proosao by 
whkh Bofmann ood Oootolto woched was not yet known. 



ported in a lecture in Vienna’ on bla observations, atating 
that it is poBsihhi to ennvert iaopnme into caoutchone 
liy hiBting II in a nhiw-d tube in thn pneenoe of gUdal 
aoetle acid. Horrim dvaorves Ihn nrodit (or being tbe 
Arst to publish a proeow whicli could be ispcatcd, for 
converting UMpremi into raiiiitohouo. 

AftiT the lioll hod once Issin atorted nilhng invcati> 
galKtiw W(ini also begun by otluirB attacking the problem. 
Particular credit should also be aoeordeil eapooially in 
the toohmeal intorprotation nf the problem in addition 
to the KlborfeM Korbenfahriken, to numerrma individual 
natlvu and foreign Investigators, and of Industrial estab^ 
lishmonta, the Bodlachn Anllin unil tkidafabrik of Isid- 
wigahofep. 

Even In the original patent speoifleations of Ui» Klber- 
feld Foibenfabriken the raw material waa not limiUsI 
to tooprene, but a seiiea of bydroeotbou of related con¬ 
stitution was inaluded In llio aoope nf the oliscrvation. 
lioiiTuMi Itanlf lioa the (nrmula 

CII,K3.CH:Cn,. 

1 

CH, 

It oontaina two neighboring double bonds, a ao-eallod aya- 
tem of "oonjugated doublo bonds." Other oompounds 
with eonjugated double bonds, oa waa reoognlzed by Hof- 
maoB and Con taOe horn the start, also poaromed oa does 
IwipreM the rome property of polymerixing into eoout- 
ehonmUke subitanM. Among Iboio we have for ex¬ 
ample, erytiuene, C4H,: CHiKIII.OlI.'CH,: further di- 
melhylbutadienn, CiUit: 

I I . 

CHiCHi 

and many other suniioiiy eonatnioted aubatanoee. 

Adda hnm the foot tiiat beoauro of the varied naturee 
of the raw motcrlato then woe poetibtlity of obtaining 
a whole eenea of dilfinent eaontohouoe, which of oontie 
must dUfer from eoeh other beoouee of their ehemioal 

• OsHM Kf.. ino. vat. M. p. HO. 
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nonitltatton, it wm slw noUood that the pioeeM o( 
polyineriietioii ItaeU wm nueeptlble of wMob eiid 
thel oaoutobouM pmpwed In vtitou vnyi (Mm the Mine 
raw mntirUl woold dUTer (Mm eneb other. 

Hurled, ud independently o( him the Engliih in- 
VHtigntan Mnthewi Mid Htnnctf, limiiltMieonily ob- 
eerred that the polymaiiMtion In the pneenoe ol meMIe 
■odium took plaoo with great veloeity, but that the 
oaoutohoue obtained wm dlKerent (rom that obtained 
by beating alone. Kurtlunnore, the ohemlaU of the 
Badlasbe Amlin und Sodafafarlh (ound that the reeulte 
ware diKereut when the polymeriiatioD with eodlum 
WM carried out in a oarbon dioiid abnoepheM. Another 
proocM whloh wm developed in the Badieoha Anilln 
und BodafabrUt dependa on the UH o( oionidi or peroxidi 
M eatatyufi. 

Aaaatitag to the Und cf nw material and the method 
d polyBMrWng, mbbere an obtained whloh vary (tom 
one another totally in their propertlM. Tha (oUowing 
wmunary givee. aooording to Holt'a<* etatementa, a brM 


o( wtdeh would have to very graatiy egmaed tha* of tha 
premit nbber plantarione Erom all than p win Mi w 
then wm remit neh laiya (pantMae of bf^rodnata, 
that thilr nmoval would glTe rtm to ana mace dUBeeh 
problama than that at prodneinc the oaoutohoim Itaatf.” 

Even in airfte of the lait named diSleultln the quMtloa 
of price would not be the e(»tMlUnr one E the pravioiuir 
mmitioned objeota wm aaeompUebed and tt it wtn 
poerible to prodnoe by the proper ehoiea of working eon- 
ditione oaoutobonedlke materiale ipeelally adapted tor 
oertaln pnrpoeee. It ean be Imagined that eertaln 
■ynthetio oaootehouoi derigned for deSalta p ui poee a , 
embodying a eombinatlon of etftaln favorable propstlM 
may aurpaM natunl oaontohoiM aad may be mid at a 
higher prioa. Tbit hM not yet been aehiavad. 

No fuffloient taohiiknl data have yet beat made publie 
rtganUng the tei^ideel edapteWlhy of lyntbetie eaout- 
ehone. As far m known obaarvathma ■» tide subjaot 
go, it ie evident that lynthetle oaoDtehono hMnotap- 
proaohed tha inopertiM, eeperially the etabillty of natural 


CmI ta ' 

Tn ooN of power lagdiad 4 fhe 
Portland enatiit laaehm a Mghee patiriijH» 
total edrtoCpNdwetta than la MM u^MhoifladMl- 
try; and taveadgitlow esiB to ttat'VhMtpni^ 
•riy oponted. thora lo little dtOmoetlh Oo ptfwM . 
qulHd to diffoNBt lypH of aooMnii mM -Ib (to 
PMOIMM It li thOMfoie ovldMt ttat tto MOMllto 
la the ooota MHt be In tto dtreeUoB of the poww M*dt 
end It to boUavod that the appUaatloo of oleetHo pew«r 
can bo made to materially xednm the ospiOM of mw- 
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oAOOTawooca pbom aoTADinna, otSi. 


Notmel 

Ownld 

(bibon dioxid 

oaoutohoue 

oaoutohoiM: 

oaoutoboue: 

(by beating); 

Inariuble, 

inmlnbU, 

eoeily siduble. 

iwelbup 

doea not 

ebstie. 

gwotiy. 

iweUnp, 

vnbnnbabb. 

vary ebetis, 
unvuloanbable. 

moderately 

ebetie, 

(invuldifiluUse 


OAOOTCBOOoe mow laoraaira, aiHi< 


Natmal 

Oionld 

Carbon dloxld 

oaoutahotto: 

oaoutohoue: 

oaoutohoue: 

eerily wlubb. 


Inwhibb, 

riaetio. 

Creatly, 

does not 

vuloonbehle. 

odly eohiUe 

fwdl up, 


after ndling. 

ebetie. 


ebitlo. 

vuleaobebie. 

vulnaniieke. 


oAooioaoiico non oitimvbaTiTAnnMa, oiHit. 


Nonuel. 

Ownid 

Carbon dioxid 

oaoutohoue: 

oaoutohoue: 

oaonUdiouo: 

oerily eoinble. 

■welb up. 

insrinble. 

not riaetio, 

only eoluble 

dose not 

oen only be vut 

after rotting. 

swell up. 

eanbadto 

noteleetio. 

not ebetie. 

herd rubber. 

oen only be Tul- 
eanhadto 
hard rubber. 

diOoiiltly Tul- 

oMily osIdbaUo. 



aaoutobouo: 
eaiUy loluble, 
aotaloatio. 
dKBouldy and 
Ineompletriy 
vuleaidiabla. 


Sodium 
oaoutohouo: 
eoluble and inaoluble 



iwvtow of a aeriea of nuh varying oaontehonodike lub- 

Tha loiontiBo ri g nllloanee of tbe abovwmentloned 
footi if obvinui. It WM the flitt ttme that elaitla ool- 
loldolmaterialnWONlyiithotioBllyprepared. Thepoari- 
billty of obtaining materiala having ehinging pMpertioi 
by ehangiiig tho raw material and the polymeriietion 
prnniM. that U, by ehoiee of tha azperimeatetlon oondl- 
tions, lad to the hope that it mnat be potoble, m In the 
(Md of dyeetuffa and odorifetoue lubatanoao, arbitrarily 
to obtain materiali of deSnita pNperties by moooi of 
lUght ohnagM whieh would be portieularly tultahle for 
deBalta pupiiHa. JuatMweMeablei,intheaoaeof 
dyeetufta to ehange the tons of the dyeituS at wtn by 
the addition of oertaln groupe, eta., eo it ritoold elso be 
poerible In a rimOar way to aibitnrily ohange the eieathi 
and eoUdity qualitiM of oaoutohoue. 

It b entirely different m regarde the eeonomle tan- 
portaaee of the eyntheeb of eaontabnue. Should arti- 
llotal rubber baoume a lerioua rival of natural rubber it 
mnit equal it in two tespeota: ptiea and toohnieal edapt- 


rubber. Tbaraaeonferthiemay be readily Men. Natural 
rubber, beoauM of Ita vegetable origin, eontainf a lariM 
of aooompanyliig inbetaaoee, for eiample tuein, albujiir 
inddf, eta., whkh must oerUinly Inffusnoe ita itaUlity. 
For 'til known that dwnriiiilled oaoutohoue lo far inoM 
readily attaskad by the oxygmi of the air thaa eaoutobone 
oontaining rerin. It b poHilde that tbe eaeompaiiylng 
subetanoM eat m protootive eolkdde whloh bHcn tbe 
MoribUity of the pure materiel, in a way rijnilar to, for 
example, the {weventlon of prsripitatkm of gold, ocd> 
loldally dbedved, by the preeeaee of eertaln protootive 
oollolda 

Another lOMoa (or the feet that eynthetio oaoutohouei 
in their mMheaieal pMpertUe are not the equal of the 
natural oMratotione may bo looked (or in the (not, 
eordiiig to Btoimmig'i" laeent tnvMripfloiio. that In 
oontoMt with natural omiu toh oaeo, moot lynthotio 
eaoutahooee im not nnifbrm eompoiudB but mixtnree. 
Aa Btaimmlg found, dtuing the oxUative opUtting up of 
•ynthetio oaoutohoue, there raenlt in addition to levunale 
asid and levuUnb ildshyde, iriiioh aeoordhig to HaxriM 
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The purpote of the BuppUment it to jmllM 
the more important amunmoamaatt of iitUn- 
guithed teohnoloffiett, to digeit tigniftoant arti- 
oidd that appear in European puMimUiont, and 
altogether to refieot the most adaanoed th^hf 
fit toienoe and Muetrg throughout the world. 


Bock NoMken of Iho Sdotolle AiMrictt 

SunuMiraif lbisSSf'kMSS?tariiiw thaa idaikto' 
3ra, int, can be luppUad by the a W. Wllaan Cle» 
peuy, Ip Ifanuuonach Avobim, White Platai^ H. T. 
PletM order lucfa baek anmben from Oe Wllaon OaWr 
pany. BnnilMMota for Jannuy Brd, Ul< aad ■Mn- 
qnent bsiiM can bo nwUod tt 10 ante oub by Ibnm 
A Oo, Inc., 388 Broadway, Mew Xotk, 


WawUhtooBUal 
poeWea to n 
of patott % tretomirk wwk. Oar itot la « 



oompleto reptaoement of natural rublwr by irtiflriol, H 
in the omo of Indigo, nliinrin, oto. 

Aa ngaida the pries of ■ynthatie oaoutohoue, tbb b 
flnt of all goTMoed by tha oust of pnperiiig the hydro- 
oarixme cl tha boprene eerbe whieh eerva m tha raw 
matoriab. In thb reepeet; great ptofreei hM un¬ 
doubtedly beoi made In the meet teeent times. A pro- 
eeM of the Bedbolie Anilln und Bodefabrik wUdi depends 
on oertaln (msttona ef pateelMim MRM to prombe qwelet 

Additional raw matoriab are among othen, etateh, 
amyl akulwl, oQ of turpentine, neetytona, ete. In spite 
of the great poina that have been taken in aedm to tat- 
creaae the yi^ of the various i w o o Miii, it mnit be nid 
that the derired goal hM not yet been laeehed. A* le- 
gqide the pries of a earioue eompetition of the artmeU 
with plantation rubber b not yet to be thought of. In 
addition also tbe nmoant of oQ of tarpMtliM wUdi would 
be required, b limited and its prise would war with an 
Inereai^ demand. In order to eaeuM the etateh nwM- 
■ury far tbe world’s damend of tnbb*. wUah dteady 
■mounto to mon than IfXMlOO Bwtrb tone yaaily, toUb 
of oonioJpotatoMwouldhavetobeptaatod,toeegtant 

•Am., tall. vWL Ml, p. us. 

•OaaneMBe<rietiJ:ewM.ateeL.ieULvm.lt.'‘p. lAH. 

>• g. MIM. Otam. IMA fSL IT. p. IM. 


tion of a emaD araonnt (SO per oent) of the 1.64ompoiiBd, 
by abnaraal emirtiiiieathm in addition to the n 
IMbrn. 


bby thadi 


dbenwed fainatoni aaontaheoa. V8«lVieii 
to w MttiMt the oontitiMi el poiytaerioalkri Ifa 
eynthetio eeoatahonci ebo ttoNW 
It be aMwetid t 
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The Chemical Industries of Germany—11* 

An Historical Review of Processes and Conditions 

By Prof Perrj F Frankland, F R S 

( onrliirlpfl from St ikntihc Ahrbilan fftiPPUUirNT No 20 W Page SOO June 10 , 1915 


dim uny apppan to be alone in powouinE vwit iln- 
(tmilH if potub lalbi while the enormou* value of 
llm U HEnoallun wai lint demoxutiaUii ly Utbis 
and made publu by him m hu Appluatmn of ( hem 
uti^ to \Bn<ulture and Phyaiolosy in 1840 rhii 
work may witluut quealton be raBaitlud ai tin founda¬ 
tion Hi ni in wliioh Bgruniltonl ihimiilry baa been 

II ill mU d leimaila of potaih nlta were ai idi nl 
ally dia i nil in 18fi7 when bonns for rurkaalt at 
Slamfuill near MagdibUTE ui Pnuaia Ihiir in 

Vegun III IHI1 b) (JrQnebiif and Adolf trank In 
1801 the ir III tion of irudi. potaiih nlu waa 2UUU 
Uon in lUU It waa 11 OOUUUU Inna worth »44 (U) UIM 
Niiutv I r ml la uaed aa manuro (about one third in 
dirmany ilmlf) and 10 per eent in induatrita (about 
two thinlM 11 iiiK wi rknil up m Qeimany for oarfaonate 
cauatu nitrah alum ahromate and ohlorate elo) 
Amen a it now ixiHrunenting with a view to obtain 
mg pafaaaiiim lidundt from feMapar by tha method 
uaed lu the laboraloiy for dehrmining alkalia in inaulu 
bte ulieabw and whuh laitialata m heating the nlioate 
with a mivlun of lime and oak mm oblonde Whithir 
It haa an} e minen lal futiin leinaina to be leen 
Ihia m a matlir if prune unportanea in the ITniled 
HtaUi aa potaali ealta am there uaad on an enurnHiua 
aiale eapaniallv fur agruuiltum Ihua they eunauinid 
lu ItMIO mtaaidurUi potaih aalta worth $4 2(g|(l(ll in 
lUlU S13,J1U00U and in ]»|1 9IAJOOOU)>< 
■xpioMivre 

I have airaady mi nttoned the importaooe of nitratea 
and of mttH and and hav< nferred to the amploMnent 
Ilf the great part In agmullura of the remaindtr Iho 
luaior part gow into the manufai Um of explomvoa and 
into the coal tar (iikir indualry 
Blank powder or guupowdi r u aai I to havt I w n die 
oiivervd by Um huglwh monk Uugir llama (lil4-ldlM) 
(lun-ooUon waa diwovered by SiliAnbeui in Baali and 
( bnatian BOltaw m kraukfurt in 1H40 
Nitroglyoirine waa die v< ivil I v Subroro in Pi louro a 
lalmraUirv ui l*ana in 1847 and nrat manufai tund 
on a large ai ale aa an i x| I euvu I y the 8wf.de Alfnd 
NiUI ID IWiJ 

The diarupUvu propirtHa of gun cotton are grealh 
nudutahd by gelallniring by iiuana of lolvinta (am- 
t< ne auetu cater al ohol and t Ihi r eta ) and by mixing 
with muoglyoetue balliali inalenali bki curdih 
and other anokeleai puwdera am oUlauud Ihem la 
ant thor ilaaa of expkiaivea win h eombins great lafi ty 
in handbug wiUi Huoruioue diamptive affoil Ihinc 
acid (diinivarod by Wuulfi of London in 1771} but 
Aral uaed by the kremh un ler the name nf MehniU 
for nUiDg eballi in 1881 and later by the kngluh under 
the name of lyddite More reinnUy thie hae lieen 
replai ed by tnmtiutoluene Unt iwapuaed by llaeuiieer 
mann in 1891 for flUing ihelli and uaed by the Hrituh 
Sereke under the mark 1 N T It h even leea em 
HiUve to ihook than pwno acMl Ammonal uaed by 
the Auetnana for ihalLtlling; la a miztun of T N 1 
with anunonium edtrate ofaamoal and aluminium pow 
der It u both very lafe and very powerful TNT 
la Diui h uaed for demoliahlng biUgm It la w imen 
aitive I > ihoek that it la not npladed on being itruok 
by a nllu-ballet and when in a ahell it wHbitantla the 
impai t of the latter puming an armor plate ■* 

Pi tra-nitro-anduu obtained by klOnoheun onjoya 
Uie unique pontion among explomvei of having been 
diwovired m Ihu euuntry It u Mid to be equally mfe 
and even mum powerfnl than truitratulaena 
Aueurdiug to the late Oioar Quttman the produoUun 
of oitragliraruie exploaivea in 1909 wai oa follow* 
United StaUi aotXX) (lennany lOJOO Kogland, 
8 100 Pranivaal 8 000 Canada 0 000 Hpain and Portu¬ 
gal 1 fiOU Auatriu-Hungary 2 NIO Frauoe 1 MIO toni, 
Switairlaul Auetria, Norway and Hweden, 000 tana 
oaoh Huaiia Italy Holland Beigmm SOU tana eaoh, 
Urewe 170 tone 

hxpkHivie am if enormoua impartaiioe alao u dvil 
bfo—in mining and engmeeniig modem oiqiiomvea hnvo 
grmtl) aocelaraUid prognaa and have remkrad poanbU 
aurh worke an the 1 anama Canal Tltfy an ahio bd^ 


now employed with great advantage in affon etation 
for looerntng the ground in which treee am to be planted 
the manufaoture u( exploaiviS in Utrmany I* very 
highly developed Pbo total Uennan ptoitaction of 
4U00U00U kilogrammei inslndM dynamite exploaivee 
lOUOUUOO ammomnmmtmteexploMvee lOOOOOOOaod 
black powder eta 14000000 kUagrammea Phrre 
were exported in 1908 exploaivea of a value of about 
•AOOUWU and in 1912 815000000 

The world productMn of exploaivea la now about 
400OUO000 kilogrammei or ton timea the Utrman total 
output Great Britain haa at Ardeor m SeoUaul the 
largiait exploaive factory (Nobda) in the world nov 
enng 850 airee (raplojing 1800 men and 700 women 
aud pniduuing an nil ally abont 10000 tons of all kinili 
of high Axpkiaivia 

ABTinOUl BIIK 

An enunenUy peaceful indualry which la rloaely ro- 
latod to that of explottVM la the produelion of arti- 
Ikial atlk and oeUnluid Phe manufaatum of artifloial 
mlk haa grown up during the peat twemty-flve yearn 
for thia produet waa flrat abown by Count Hilaire de 
(hardonnet at the Itene Exhibition of 1889 he dio- 
I overed the method of ite preparation while a eludunt 
in the kcolu Polyterlmique at Pane and in 1891 tumied 
a < umpanv at Bemoqon with a capital of 81 2110 000 ft r 
ilR Diftniifftoiure 

Phe rhid lunda of arUfloial ailk are (1) Nitrated 
iiUukim (aoluable in alouhol-etber) ailk (denltrated by 
anunonium aulphuii) (Chardonnet ailk) (2) Ammon- 
lucupne oxide aetiuloiu ailk (l^auly Fnaaery or Urban 
atlk of the Verainigte Ulaiuatuff*bnk Elberfeld 1897} 
(d) Viasoae^ (( 8i in proeenoe oi NaOH or Ca (OHi) 
on mlluloee) (1 roeaandBevan) (4) Aoetato-ulk (aoetio 
and on oelluluae) (Croaa and Bevan) 

Qeinuuiy preduiM about 2000000 klkgninmes 
vahie about lOOUUUUU exporto 000000 kdogtammee 
aud iroporta 1800000 kilagrammaa the unported la 
principally alcohol ailk due to duadvaotegeoua aleohol 
tax in Oermao} Uermany la the pnooipal uaer id arti 
fleial ailk dtbough the fundamental dnouverleR upon 
wliH h the maanfac tun w baaed are largely due to t renob 
and biigluh chemntc lh« worid produotioa » eati- 
niatod at about 7 000 0110 kilogranuiiea 

Ihe diitnbution of the induatry may be gathered 
from the fuUowiug Kraooe 7 factories Germany 8 
Belgium d hngUod 2 Spain 1 Auitn^Huiigary 4 
Ituaoia 3 Ammoa 3 J^ian 1 

Great proflU have been made out of artifloial nlk 
(wme of the oompaniei paid 50 to 100 per eent divi- 
denda) and the pnoe has greatly fallen since its intro- 
duatiuntrom87pBrklkigramineml9Uilto84in 1900 and 
8d (poorer quabUee 8160 to 82) in 1010 

The oellul m luduitnea furaiab a partnularly atnk- 
ing example of the manna m whioh ohemioal nweaitih 
and invention ore able to enhanee the value of the 
kindly gifts of the earth Thus 1 oublo meter of wood 
baa value aa fuel about 81 CO (after boiling with ImUk 
soda and sulphite) as papa pulp 88 ditto M papa, 
814, and as pulp oonvwtod into artifloial ailk 8400 to 
81300 

imramina DiraNnaire on awnaano onuAino 
omoaniT 

It ■ out of the profoemd study al ayntbade ngnale 
ehemlstry whieh baa baen mad* dnxnig the past aiitiy 
yeoia- that the induitriM of orttfleU dyas, dmgB and 
perfumaa have lusnlentaUy anaen The auUar aad 
pioaMniig aohievementa m ayntbetm nrganw nhamtatry 
an wall diatnbutod amo n g the notloBi of Bmopt,'* bat 
during the ma)ar part of the iixty ymrt Iha grM balk 
of tha diaaiivettei la tbia domain have bean made in 
Germany Otganie ehemiatry la. parbopa, tbs bcanah 
of aciaasa Whioh mort parfeotly aalte the QennMi mind 
and tenpoaioMit It invotvaa tha poaianoii of tbooa 
quabdea in wbMi Oannan* am m pn-emuMiit'-tha 
etimntr tor teUag on mflmtude of pains, th* wapawliy 
to aatidpato dUBaulties and organise m—M to eoenm- 
vent them It m, moreova, only po m th la to make sob- 
■tential advanoM In the problema of atgame gynfharfa 
If tiw maater hm at his d^Maten a Bomber cd bgfaly 
quabfled and doeila aaristaato and mnw m dem. >■ o 
word, the maater atmt be at Ihe head of a kige aad 
dBeieat aebool of riaaawh. It w m tha'poaaaamm U 
sneb aeboob of raamrah, both m the uair sB itl m aad 
In the o h e pu eal taeterfea, that OemBiqr baa by two 
gmoatioiiatheleadofaneifameoBatelmlathewarid. 


While moat of the profeanri of ebemittnr la tafaeb 
noiveraitiei and oollegea have nnda great ■*'T*"tlrtiT 
and without any tort of MMOurafsiMat been mom or 
IcM a u cDcerftil m bmlding up sneb Mboola of lemfnht 
whieb are howeva by no meaiia davlab bnitathma of 
the Oannan model the ohemioal maiinhwturers af In^ 
land have with aome notaUe axeeptlons, failed to 
eataUuh anything worthy of the name of leeaank 
laboratonee m oonneetion with their works. 

It IS In reepeot of the works leHareb loboeatory that 
thoe h the greatest oonbaat between tha ebemieal In¬ 
dustries of Germany and those ot otba oonntriM and 
It II not mirpTMing thoefore that the present war 
ahould have atrved to emphaaiie the olaaa of ntummiel 
products for whuh Great Bntein ii almost entiraly 
dependent un Uennaov ” It ii preebely Gioan produote 
—arUUcial dyeetuffa artifloial drugs and ortlfl^ pm- 
fames whioh are the ouhiinw of tha worka leseareb 
laboratonea that are now in many earn anobtainable 
in ooMoquence of the onttmg oS of the German wnireH 

The lenouiiieH of the aiUialion le apparent from 
the foUowliig flguree relating to dyaetufa akine Tim 
vahie of dyeetnlTs oonanmed in Unglaad anmially la 
810000 000 and the value of trade m whieh tlwae 
dyeetuffs are employed ii 8100000000111 while ap- 
warda of 1500 000 workmen are dependent upon tlwM 
Indiulnea rhe tottl valne of dyatanffi imported Into 
the Umtid Kingdom m 1013 waa 89400 275 of wfateh • 
Gremany oontnbutod 88 064 106 

Perfa^ts tha moat oonoiie way of conveying n nqia^ 
floial idea of these Industrial iiruduote ef oigania ayn- 
theau will be by means of the foUowliig olaaaiflostian 

I AritJleial IWnda—Colon lint obtained from 
aniline by Range in 1834. by the aalion of M—eMiiy 
powder Aniline oolon Mauve waa diacovered b^ 
I'wkm. in I860 and Magenta by Veiguin In 1850 Aao- 
oolon" were diacovered by Greiai bi 1850 and Intrb- 
duned on an exlended mile m 1878 'nw aao-coofa 
have aebieved an enonnons importaiiee and have prfae- 
tioally baniahed ooobineal and logwood fmm the dy^ 
works Some 2000 aw-eobn in nte Congo-oolors 
aubetanUve cotton dyes were diaooveted by C Bflttigcr 
in 1884 

It rauit not be snppoeed that Bntlab oolor mann 
fsoturers have been Idle from the days of Fertan Urns 
lu 1880 a very original dqiartum was amde by Meaws 
Read Hulllday and Sons who uUrodueed the pniH 
eiple of dsvebpnig anMiyemnfli on the fiber with 
their so-aalled ingrain or we eolon Bomo of tbew 
have aebieved a great sunewe, thni 2 000 tons of >-alt- 
taailuie are now annually mamifBetaNd fog ihe IM- 
duction of mtranilliw-ced Mid aumlar eolon >• Again 
the dwoovery of prlmnlm and tbe oolon whieb oan be 
derived from it by A G Qreea m 1887, ii aaotlMr 

Boom ookm were dweovMed by Caro In 1873 

II ArttJbitMgProJtietdXimtratPrBdiitU—nkgnap 
eontaue snbetanwiw oomrring in natnn and long vaload 
by man The ebemieal nature of time aubatanaea Iten 
been emeAilly aecertemad by ohambte who have timp 
doUbmatoty aet to woric to devm moaos for tiwir arti- 
floBd ptepaiatioB at widi a east as tp eonpeb With 
and ultimatdy aopplaat the aatml produet TInm 
eompaigiH apdiist tin eommarw la tiw pNdaate of 
nature undoubtedly eoaatituto one of tiw moat t»- 
marfcnblepbBnanawlatiwhiatoryartiwwoitil Bom 
In Buad. It H tiw paodnetiodaBd fupply to mota of tiw 
aetual prodonto oi Nntam, but aMie ehaaply tiiaa thay 
conbaptodiwadaadaiilipUbyNatiinlwnBlf Timm 
endaavots have ahmdy baso l u ccimful op a vii^laitis 

Akmrm (tiw aamotel pnaaqile of the awddm not) 
wm prat gyntiwamad by Omabo ami iwbaitan fa 
1809 At tiw tiaw af tin dlioovwy, tiw world ptodait 
tioB af maddar wm INIJMMQO kdoffamam nwU (IM 
pm eaat a hyiiO, rapnasatfag AOOjnO to rnWO 

ted^oSoLataafa (OOJXUaatai) tfader 

vatioa, whicii apoa iWmwmnd Mter the fateadu^ 

aftima rtU ^ptp dB Bt, _ “ ^ 

■> <Mr titeat ms Hath af the aaaaai voim rf dytatedt atmt 


aad MMawfteMMmta* MU 



SCIENTinC AMERICAN SUPPLEMENT Na 2060 


403 


It* pfoiMtloii of artUMal lUiHfai vm: 1873, 
100,000:1877, 700,000; 1884, l^BOiOOO: 1000, 3,000,000 
kUoonaotM (Tbur fiftbi of tbit «m prodiMod in Ow- 
■My)- 

, A gnnt nnmbtr of most vahinble irtifloitl dyettuffi, 
tion Qt Imp oloMljr rainted (o nliurln, but not onour- 
luff In antwe, have been prep w ed by ebemlite, and Ibe 
total vitipe of the atliarin-oolor mporto of Oermany at 
the pramt time it about 85,000,000. 

/ndtfo.—Tbb meet hi^ily priud Uue dyeetnS of 
both the aaeleiit aod the modm world ww Orel arti- 
ftdaDy tynUtulMd by Adolf Baeyer in 1880, but It 
iM|iilMd eeventeen further yean of nnremittiiw and 
laborioui inretUgation in the worke at the Dadienhe 
AAttin nnd Bodefabrik at Uidwlgihafen, and the In* 
vwtatent of nearly $6,000,000 Uftm toboratory lyn- 
thttii waa tmailated into a oommeroially eoeo c aif u l 
Indnatry, for It waa in 1807 that the artifloial Indigo 
waa pat on the market.'* 

In 1806 the world produetlon of plantotion indigo 
(100 per oent) waa 6^100,000 kHogrammea, value 830,* 
OOOAIOO; four flftba of thia waa Britlah, obtained from 
1^00,000 aiorea In Britlah India. In 1004 only 600,000 
aotea waa under onltivation, and In 1013, only 300^000 
aema (aee Table IV.). 


i88Aa7»i7jMa.au w.ito.ooo ti.aoT.TU 
iaa.ia7 s.eoi.iies a.onjao i.aei.au 

ae.7aa 0,174.188 e9i.7M t.eiajoo 

40.838 3.783,018 300.800 8,430^80 

33.4B0 3,134.348 330.800 0.803.780 

10,0Sel 1,1S8.000| 111 MO 10,487.800 


The price of IndlgD (100 per oent) In 1807 waa 84 per 
kilogramme and in 1013 81.76 per kHugramme. 

By varying the ingrudienta In the Indigo-ayntheali, 
Muny very valuable dyea related to indigi' have been 
obtained. Thun the ehlorine and bromloo lubatltuted 
indlgoa are manufootured aa oibarbliio, briUlanMndigo 
and twomo-lndlgo. Again with aulphui inatead of oxy¬ 
gen, thlo-liidigD-red, and thlo-indigtHHarlnt are ob¬ 
tained. Moreover, by uaing the anthraoene-groupiiig 
in the Indifpo-ayntheaoa a number (d moat important 
onion have been obtobied, e. g., Indantlmiira, M ox- 
taaordinoiy faataoaa to light; allxorin-indlgo; algol- 
oolon (Rob. B. Behmhlt), In aU varletlea of color, and 
of the gieataat foatneaa to light The diaoovery of 
thrae vahiablo dyeatuffa provoked aroloua emulation on 
the part of the auHMior ohomlaU, who reaponded by 
placing eome very exoeUent new produeU on the market 
under the name trf beniolight oolon. 

Anlifue or Tgrian purple waa perh^w the moat highly 
pr^ of all ooUwe In the anolent world. We know 
horn Pliny that tbla dyo waa obtained from a rather 
ram -"eH living in the Moditerraneon, and which he 
deanibra under the nante of "purpuma.” Paul Freld- 
Uadw, of Dannatadt. auoeeeded In 1900 In extracting 
thia oohw from oertain glanda of two different aponloe 
of mall—muTM braadane and muru traaeulve—which 
appeared to oorroapond to PUny'e deecription of "pur- 
puna." He removed theao glanda from 13,000 in- 
di^nal antila, developed the oolor by a abort expoture 
to niP>l g*'t, extracted It with aultable eolvonU and m- 
oryatalUied it from quinoline. In thia manner he ob¬ 
tained only m grammo of the coloring matter, ao that 
Ha extmne eoatUnaao, which Freldltnder eotimatee at 
about 810,000 a Idlognunme, ii not auipriaing. 

On Inveatigatlng the chemical natum of thia oolor 
he that It WM Identioal with the already known 

am Ita 

aebtonounU of otgaiile omthraia In ootmeetion with 
-.i..»n.i.«ntinel and perfumery prodneta. 

The pioduetka of wtiffcUl drafs and perfumM li 
In genenl only a bnneh of the artiflelal oolor Induatiy, 
(or In many oaaea the raw materinia am the mme, 
white the methoda of toveartigatlon and ayntheaia are, 
'of MMiae. Idantieal. But whetem the arti&olal eokw 
Indaatry.alarted In la^jaad, that of artiOelal druga 
}a entimly of German origlii, and may be laid to 
wHh the dbeovery by UaUg of ohlorofoim in 1831, and 
of ehlonl hydrate in 1833. It ww in 1860 that the 
woifa of aehrring, on the auggwtion of A. 
pipdnoed ehhml hydrate W a oommoreial 

*llaW bwan the dteoprary of artiflelal ontlpyretia 
draw, tha rivate of dm aatewl gnteiam The flaw of 
WM antiMtiiD. ,dm pfDkmrtlM of wbteh wen 


MToaeeoolyenppoeed to.u be naphthalene and waa aerved 
out na n h for oome phannacologleal expoimenta by 
Kahranad Hepp. On beinf taken, tetemally, ita antl- 
feloile effect wai obeervad. Fortnnately there waa 
ooouidi hft for analyme, and it waa found that the 
tuppocnl nophthatenn waa the long known ocetanllldo, 
whMi coon acquirnd a groat vogue for tliia pur^HMo. 
About the iame time aiilipyrin waa diaonvorail by 
Knoor, who crroncouely tliought that it waa uliiunloally 
related to quinine, and that It would, thcrafare, not 
Improbably iweeew antifehrile ]iro|iertln. Diroct ex¬ 
periment allowed Uiat it did aolually pouaocH theao 
propertioa In a high degree, but aubioquont rpMarrh 
ahowed that it waa in no way ohcmioally related to 
quinine. Thcie and numnroua other artiflelal anli- 
pyrelloa have been a groat aouree of Inoomo to their 
inventoti in noneequcuoA of the continued pruvaltmec 
of influenaa during the pact quarter of a century. 

During the period that antipyrin waa prota-trd by 
patent It waa sold at 830 per kilngraininn, while on tho 
expiration of the patent the priee wac nriuned to 86 
per kilogramme, whioh atiU allowa a good iiuirgin of 
profit. 

Theee diimoveriea have led to the ayBtemalio study 
by direct experiment on animalR and human Iwinge of 
innumeralile ohemieal oompoundc with a view of naoer- 
tainlng their ph^'iiologieal properties. The enormous 
amount of most labarbus work which has been oairied 
out in oonocotion with aynthelic druKH maj' Iw gathuml 
from the fact that up to 1913 about 6,UIIU artificial prod¬ 
ucts had been found to poasem therapoutioal value of 
ono kind or another, but, of eouree, comparatively few 
of these have pormanontly established thomselves In 
medloal practice. Time does not iiermit mo to do more 
than refer briefly to some of the simpler and Iieltor 
known lynthetio drugs. 

Thus of antipyreties, whioh havo or hare liad somo 
onnshlerable vogue, are: Antipyiin: tolypyrin (di- 
methyltotj'lpyrasoiouel-, salipyrin (antipyrin-^icylate); 
antipyrin mandolato (tusaol, for wliisiping oougli); 
neopyrin; pyrainidou (three times as strong as antipyriu) 
dinmthylamiiKi-antipyTUi); antifebrin; phenaccLln (chivip- 
est antipyrin excepting antifebrin, about 81.60 par kilo¬ 
gramme, and less pnisoaoiis than antifcbrui); lactophiiuin, 
iMtyl-p-pbcnetidine; aminupbcnaDuliu or plionoeoll (also 
has an antiseptic action). 

The above seriee derived from aniline affords a good 
Illustration at the dopendonoe of physiological prnj>- 
ertiea on clu'mieal eonatitutbn. Anilioo itsolt is a 
powerful antipyretic, but la extremely polsonoue, owing 
to Its tvwly abeorptkm and action on haemoglobin. Ry 
Introducing the acetyl group the toxic proimrlies are 
much reduced owing to its greater stability, alUiougli 
acetanilide is slowly hydrolysed with iiheration of una¬ 
line, so that after a time the B,vmptonis of anllino ixilsmi- 
ing may auiHirvone. The olssTvatlon that ais>lauiliilo 
is partUly oxidised in tho system to- p^minoplicnol lixl 
to derivatives of the tetter bring tried. Thus plienaectin 
has been found to potwess powi-rful aiiUpyreUiis and 
greatly reducod toxin effents." 

ffgpnriies.—Hulphonai was aei^identally disoovereil to 
ponnoss hypnotic properties in nunncalion with uxpuri- 
numls on the traiuformationa of sulphur coiupounda in 
the system. A dog, which hod boon dosed with 

the newly dlsooverod sulphonal, in Banmanu'i lahora- 
tory at 'KrribuTg. i.It., wns found to fall into a deep 
sleep. 

Morn powerful hypnotics were found to nwiill from 
Introduolng further ethyl groups: 

(CH,)tC(80..Cdli)i. (CIIs) (C.H,)C;(80,.(t:,ll.), 
Sulphnnal Triuual 

(CiHd iC(SUi.CtHi)i 
Tetronal. 

In conneotion with the manufoolure of sulphonal, I 
may nfar to an Intareeting difOcuHy which was oxpen- 
enoed by the Blberfrid Color Works owing to tho ap¬ 
palling amell of the meroaplan from which It Is pro- 
parod, and of which Bmil riaobsr and Fenaoldt have 
shown that the human uoao is still o^iable of appro- 
dating 1/400,000,000 milUgramme. In spite of this, 
Oennon thoroughneta has been tucoeariul in so perfeot- 
tni the apparatus in whiob the manufeotiim ia narrieil 
on that no nuisMoe b ooaaaioned. 

Veronal (dbthylbarbiturio acid) (K. Fisolier and 
Mwhig, patented by Merck la 1093) b ono of the most 
widely used hypnotics. AlthwiKh it was forniCTly aup- 
poted to be practically free from toxb properties, in 
raeent years oaoee of veronal poisoning have been 
known to oeeur. 

Antina«ra(fi«.—Solleylio arid, one of the first drugs 
to be artifirially prepared (Kolbe, 1890), ucetyl-aall- 
•ylte add (nqiirin). and alol (pbeoybalbylate), though 
iBttnnuly ifanple aynthetie products, an obnoat ex- 
eluatvily in Qeniaay, with the rarolt that their 
gtiaa hw now greatly innno^. Sven aynthetie phenol 
whieh b nanemary tor tho above preparations, waa ex- 
rinrivoly mods In 0«Rnany and kept down the price of 
phwol- The priro of phenol has now enor- 

nii r ‘1 -1-- "— " 


mously increased from 7 cents imr pouud to 33 cento 
pur pound, and b likely to gn liigbcr. (Phurm. Journal, 
1916). 

Anli-gnul drugs (Uric arid aolvonto).—IMperaxine 
(dbmvcrul by Hofmann In 1809), lyaIdJue, urotropiiK! 
(hexamothyicno tclreminc), aUiphuno (a-p)icnyicln- 
chiinlc wid). 

iSuproroiisf.- -This b of stMsiiul interest. The octivo 
principb of tho supnninal glands kioiwii aa odrcnalinu” 
had fur some years been found to bo of gnat vriue for 
iiicniasing the hlood-pressiire, vontnoting the liluud- 
vesseb, and arresting haemorrhage. It requine tiio 
suprarenal gbnds of 4(1,UK) oxen to prepare I kilngnuniuo 
of adrenaline, but this subslaneo has Imen orlifleially 
synthesised by F. Htolr., and is put on the market as 
suprareuilui liy lliu llOehst Color Works. Tho syulhiises 
of adrenaline may he pitsumtcil thus: 


Natural adrenaline is iBcv'o-rolatory; the synthetic 
eau be rusulvud by torlnto; the loevo ia flftoon times aa 
IMitenl as the duxtro. 

Thu German ixilur manufacturen ate organixod Into 
two prineipal grnu|M or trusts (Intorcssiaigemrin- 
Boliafteu;. (1; Badisehc C'nm|iauy, of Isidwigsliafon; 
Bayer Company, of Ulburfelil; Berliu Aniline Company. 
(2) ('asselte Company, of Frankfurt; Mrislnr, J-ueius, 
uitd Brauujg, of IIOclisl.'' 

Thu Bhsro-ca|iital of the abovu two gropus in 1911 
was 840,(IUU,U)U payiug a dividend of 26Jt per ooot, 
and probably now about K1U,UU),UU0, divulend 28 per 

In 1890-79 Germany imported about $12,600,900 
worth of dyes per year, white in 1912, Germany ex¬ 
ported about |60,nU),UK) and produced about 102,600,- 
000 of dyes. 

Tho compodlion of the pononnri wliu carry on these 
Gentian oolor works b at tho bottom of their suixiess. 
Take the works of Moors. Mebtor, Lucius, nnd Urfln- 
ing as an example. In 1913 tho oouipusition was as 
follows; Workmen, 7,tl80; managers, 374; expert uhum- 
bto, 307; toehnoUigisto, 74; uuuuiiureial staff, 911. Con¬ 
trast with tho above Ibu fact tiutl the six Engliah fac- 
turisH now produeing dycaluffs employ altogether only 
lliirly-flve cheinuto, white evidenoe of their relative 
activities is again funibhed by the riroiimitonee that 
bsiwHun 1880 and 1900 the Knglish firms took out only 
oighty-aix palcuto, whuruus tiui six principal German 
firms were leepunsiblu for 948 during llie same period. 

Having shown that these Gormau oual-tar cuter mann- 
fauUinirs are without nvob from the coinnuirutel point 
of view, I fuel it to he my duty to iwint out also that 
their industry is ourried un under uonditions of labur 
wliuih uro highly iinxlitobte to the management. 


Purchaaiiig Coal on Heal’ Unit Barie 

It Is (uevltoble (list Isrge users u( cuul wUI Insist 
mure uiid mure upon euntrueting lor tholr fuel suptilles 
on Home baste other thuu IbuL of a set prli« per ton. 
In spite of ivrtoln objcetluuable features uml seme uppu- 
sltluu, which Is nut without cuuse fur Its exlsteuee. tluTc 
Is evIdeiiLv of u steady lucreusu In the use al wbul Is 
gi-iicrally termed the "beat-unit basis" fur the imreluise 
uf coni, A Himpic lllUHtrutluu luuy aerre us an ei|ilaiiii 
tlou uf this tcudeuey: Three llUiiuls ritute lustJtntluiH 
with Mubstoiillully the sume shIppUig rate received bids 
un ixxU supplies (rum deulers A, B end G, their reH|H>u- 
Uve prkxM bring 11.46, gl.T2 and gi.43 per ton. Nuw, 
us MubsequeuUy proved to lie the case, A was able tu 
■lellver, and did deliver, cisil with un ueh and moisture 
eonteut uf 21 tier i-eut and s bvul-uiilt value which en¬ 
titled him to u setllMueut price under the contract uf 
(lJ2i per ton. The deliveries by B, cuutalned an ash 
and moteturu total uf 3U per eeiit and u beat-unit value 
which resulted In u setlliuuput price uf (1.12 per ton. 
HImllurly, U with u total ush snd moisture cuutent of 
XI per cent was entitled to u Hcttlameiit prica of (OUT. 

It is seen that dealers A and G estimated tholr ixsils 
at aulMtoiitlully the same price, say |1.46 per toiL I'he 
Intrinsic values, however, which arc at least relatively 
Indleated by tlw settleiueut price, nre ubuwu to have a 
dUTereuce uf substantially 99 cunts per too. StiuUarly, 
diHilcr H, who eHtliiiute4l hb coal as worth pi>r ton 
lliKls Ito actual value, or at least Its sottlemeiil value 
according tu tho terms of the contract, to be |1.12 or 90 
eiMits lues per ton. Tlie flgnras show alS4> that a dealer 
may name bis price per ton with very little kmiwledge 
as to the iDtrlnslc value of the materlnl. There U little 
If uny relatluu between the price usketl iiiid the aetuul 
heat value to be delivered. IlhistrutluiiH uf such dlv- 
crepanctea could be mnlUplIed liidelliiitely.—Bulletin 29, 
lllliiote State Uerioglcal Bnrvuy. 


■ "amia Oori Ter Oompaalim" Tunn Utrary, January Hh, 
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Forging Shrapnel Shells* 

Some Details of Modem Methods Now in Use 

By Douglas T. Hunilton 


WiTHin tbe last few mouUu, many meUtodi have 
Ih-<-u NURKMtnl fur making Mbrapiirl forgings, bnt a 
mni|wniilri-l) small number have bora pat lulo naa. 
Trutiloally nissiklng, no two govurnmeuta have adqited 
tiM! Huine melliud. Tbe Itiiaslau govummeiit uaea donbla- 
uetliig burlsuutal hydraulic forging lurfMwe In wbleb two 
uiicruUuiu are perfunned at tbe same Unie on different 
fiirgluga. Fur Instance, while the puiivb In one end of 
Ibii luacblne la pterdug a heated billet, tbe ram on the 
n^liirn stroke performs the hot drawing operation mi 
anotbcr shell bsaled at the oppisdtv end of the machine, 
III Ibis way a slicll Is cuui|ilvtcd at each cycle of the 
mncbluo—forward and n>lum atruke. Tbe Freneb gur- 
cnimcnt, np to a short time ago^ used ateam bammera 
fur this pnrpuso, and produced sbrapnel forgingi In 
practically Uw same matincr aa a drup-forging la made, 
the punch being carried In tbo ram of tbe preas and 
the lUe held on the bed. This Is rather a alow imioeiw 
oisl requlrce mura than one beating to eumidetc the 
foiglug. Tbe German govemment naea a horliontal 
hydraulic forging presa fur piercing the blUet and a 
sleum-drlven machine for drawing the forging, which 
receives Its nutUon from a rack and pinion. Thia 
method baa tbe advantage over tbe hydraulic prem of 
Is-Ing more eeimomlcil In the mnaomptlun of power. 

Tlie practice followed by different concema In ttala 
cunnlry and Lkmada, at the iireoent time, differs to a 
large extent Home manufacturen are using a method 
that ilatea back as far as ItieO. Others are using a 
mure Improred method developed nbont 188S, wheteaa 
abmit three concerns are using a atlU more Improved 
nwlhis! developed In the last three months. 

The Orsl method (known as the Calsy proceai) of 
making shrapnel forgings In this country bad Its lucep- 
Uun alsiut IhSO and was need almost exelualT^ until 
INtM. Thla comprised a aing-formlog and bUlet-plerdug 
openillon followed by a aocceaalve rednetluu and elon- 
gatlun of the forging throngh drawing dies. The order 
of these operations la shown dlagrammstlcally In Fig. 1. 
The Infurmstlun given herewith pertalna to the making 
of s forgliig f<ir I 8-liioh shraimel shell. As shown at 


It. a bUlet of steel 8M Incboa In diUmatw and aVi iDdM 
long was cot off from a bar with a cold niw, and ftmod 
Into a cone shape under a Tertteal hydnnUe pr«a biT- 
log a capacity of lUU tons. Tha bUlat was baatad In a 
fnrnace to abont 1,SW deg. Fahr., dropped Into tha las- 
premlun In tbe die and forced Into shape by a hydranlle 
plonger having a depreasloa In Uw lower and which 
centered tbe blank. The reanlt of thla operation It 
shown at F. 

The next step was to tnnaal tbe billet, after which It 
was pierced aa shown at C, and at tbe oame time 
slightly elonvitad. ThU (gieratlon was handled In a 
hydraulic prew. On a tt.TU per cent carbon steel bUM 
tbe presBuie on tbe punch in the piercing uperalion was 
191,0(10 ponnda per square Inch and the macblue used 
was a vertical hydraulic forging pnaa of the tyi« re¬ 
ferred to having t capacity of 100 tana. From tbe pierc¬ 
ing opcratlun the fuitdng was taken dlreet withont an¬ 
nealing to the horiiuiital hydranlle draw preas, and as 
Is shown at U was located on a punch and forced 
Ihrough a aerlea of drawiiqi dies which gradnally re¬ 
duced the ahM to the curruct diameter, S>A limhea, and 
drew it out to the miiilrad length, abont 8% Incfaea. 

A isilut worthy of attention la the pteporatlou of tbe 
nine-shaped billet The smallest end wss made slightly 
smaller than the smallest rednctimi dts In thu series. 
Tbe reason for this was that If any drawing were done 
on tbe end of the shell the front corner wou^d be drawn 
over and daformed, Increoelug the amount of machining 
required. Tbe drawing dies In this cniw were all In 
iinmber, oa shown at U, and were reduced on a sliding 
scale of tbe following proportional redactions. First 
I),1(10 inch; second, aU8U inch; third, OiOeo Inch; fonrth, 
0(MO Inch; dfth, 0.080 inch; and sUth, OlOSO Inch. ThU 
gave dies of the followlug slses, in Inches, starting with 
the lorgeet In the series: ailSS. aaTO, &31B, &1T0, aitfi 
and am 

The drawing punch was Inbricated occailonaUy with 
graiiblte. After drawing, the forging la annealed to oh- 
tsln the proper physical gualltlea. This method of 
making forgings fur a 3-liich shrapnel shell la capable 
of prodoelng 400 In ten hours. 


About 18B6 the toOowHiff uMOcia tuon ig tftai.Bol- 
Hums nrnn— iif laiktnf ■hraimil lUntnii iiii IlirlUiri 
Inataad of maUnt (ha MtM oouiggl tt biAiqi 
plsKlBc, thla pnilmliiaiF ega raa ou WMi 
and to fhcUltntB tho wortk un wd on to niuoo tiM Ado- 
tten o( Um llolring niotat tha arniuitaiM oC thofiioo- 
Ing punch and dla wu iihimMl l uoc — irimMB 
In 9; and woa aOHuiplUhad in a AydittHe ptOM 
prorMod wUh two eyUnden, oat loeatad at Iht bottoM 
and tlw othsc at ihe top o( tbo ptOM. 

Tha operotloa was as foDowii XlM Oo o ms bM In 
a movable flame A and the platea e noted. Scat Tbs 
flnt pooltloo after tbo hUlot wu dropped Into Ate 4fa 
la shown at B. Here the dlo a and punAi 4 rowslnid 
■tationery while the pliton o (taWMded, paSUag tbo 
blllat throngh the die and over tew punott. When the 
Iriatoo raochad the end of tte stroke; u aboini at 0, the 
lower cylinder began to act and tbe fraam eonrlng the 
dla wu rataed. This frame, u Mwwn at D, oarrlad a 
stripper plate o which rmnoved the idsrood UUst tron 
Hie punch and iueatod it ao that It eouM be pMwd off 
with a pair of tonpa A aubuqaant oporatloa of bot- 
drawing u sbown at B wu tsqulNd. whldi Is iliiillar 
to that deocrlbed In the drat astbod. The motbod Jut 
deurlbed ma naad chiefly fOr end fl-lneh dinpMl 
and proJoeUle forglnu, end at Uw p rw ent time In otUI 
need for 8- and B-lneh ahtil forgliiga It roqulrw aneh 
IcM power and turu ont a battw and men ecoeaiitilc 
forging than the method prevlouly d eecrtbed. Tht pro¬ 
duction on a-indt dwUa Is about 180 In ten homo, and 
8fi0 on the S-tnch abelL 

The tnenaead demand for abnimet within tha teat 
few months hu been Inatraawntal In bringing about a 
radical Isopiovamont in tbe prodnoteon of forged Sholla 
PrsTlaoaly, the ala wu to get the Intwnal diameter u 
close u posalUe to tho amsfaed atu and to do eoapan- 
tivoly Uttio msnhlnlng On It i in fhct, this la Mill, In • 
gnat nnmbar of ooiwa, om of tha xeqiilraiaMta WfeUe 
at Hist glancB this would appsor to be the logicnl way 
of handling the work, on farther Inveeltution K Is 
found that tbe forging of Uw aheU to tbe ednpanUmdy 
eorract alee It ranch morn expeudvo than to lure aufll- 
dent metel to machhw aU over. In tew And plaom g 


* Kcpradaced by nrartaj of ffse Ws ar r . 














FIf. 1<—HoUlat*' p row of moUnp nhrapMl forilnia. 


the HMMad triaeo U to owm oumutvo to operate. Hie metbod rarlea fnini 14 to A Inch on tbn iDtcmal and 
cbmtHMt metba^ of makliic a abmpnel forgitig to to cztenial diametenL Tbe (ocxins after aniiMillnK to t 
rouab-forpe U to auiroxIiMtelr tbe correct dupe and 
Hmi flntob to ezaot dupe and dtoneter In tnnot iatbea 
I nuehlnea Tbto atuplUka 


on tnrret totbae, oi 
matte chucking nuchlnea. The accepted method to t( 
drat aueiilne the Internal diameter and (hen bold thi 
abell on an expanding arbor and machine It on tin 


Ing 1411111101 obellB, and oa It has been coDclmdrelr 


r torger 


re|)Iniie« and the dtobotOar dU tn tnitU it oontaeta with In the forgliig machine method, a bar a 
tbe atop i. TIu praa la now operated, and aa abown than tbe flnUbed diameter of the forging to ent off, 
mt B, advanaei, ptordag the Ullet aad maUeg the nutal nuki n g a billet about 014 tnebos long. Thto billet, tar 
How tmanaodthowaltoof tbapWMto m S-Inch ahatl, welgba aboat »14 to 914 ponnda. 

Iba pueb now zetxeatn, eucrliiff tba centraUdiig Tbe btltot to heated to a white heat in a ftinuee, the 
gaUa e wttt it The dto-holdee to now drawn ont from tampemtnre being abont 2,000 deg. rahr., depending ) 


under the pgneh onto a braeket prajoettaif trooi the bad tba o 


thea drepa oat ad the die, aa to alao tbe oaae 
dntehnd fbfging. Hila Hock e, of eoong la heated 
to a to i ddi n i bto istaat doe to tbe hot metal raaUng 
o that aarafal Uitoka c< tbto kind are prorlded. 

■ n it 0, 


In netoal ei 


aUtiPb^toiantthptbaBtrlpperplate/aoUuttbagnlde tonger than tbe flnt aad anuMer In i 


ssa? 

'tbatetetofiBipf«natlf«& Tbe ^netlM irf Coer btown, being beU turn after tbe And blew to 


la Mde fMto ipMigI bot pi 


1^ lor Wa hiatbod ftir a »bid ihniaiel 
dil^Minii.knn, 

atomf of metal toft ftr 


to 450 perfcrtly formed rough torgliigx In ten hotirt, 
The dloH for thto work ere, of courRc. coiwlriictcd 
u|>un a Hoinewbat dlffereut principle from the onllnarr 
forging die, bccauee In thto enm* It to nocmaar; to make 
(he metal flow upon the puncheH. The itiwi, therefore, 
arc HO couatructed that they recede aa the pnnch ad- 
ranees, which tends to make the metal flow ep on the 
pnnch. The practicability of thto method to well lllos- 
tnlrd by tbe samples shown In Fig. 4 Hero P to tbe 
rnugb forxlDg Just as It comes from the machlno, with 
Hie exception that the mouth boa bi<cn trimmed. 0 to a 
Serllon of a ihrll nude from low-carbon steel about 
per cent carbon; ff to a abell made from OJIO per cent 
carbon, 314 per emit nickel stecL Thto hoa been rongh- 
tenied, aa tbe Illustration shows. The homogeneity of 
the forgings to clearly Indicated. A to a forging mada 


n content and other contflnanta In tbe ateel. 


of tba tbUM, Tba btob-carbon otaei, hardened bleak a nnd to than placed In the lower impresaloa of the foa- 


Tba machine used for tbto stoe of forglnf to 
a Btondard upaetting and forging macblna pnrrlded with 
g apecUl crankihatt Hpou bfdng operated, tbe lower 
pioneer, which to torger than tbe dtometar of tbe pow- 
0 to dar pocket In Urn aheli, adrancea and pieroea tho billet 
tbto Tba plareed billet to tban ratoad to tba naxt Impterntfon, 
d the macblna again opantad. Tba wcond poach to 


> Tbe 

g to focotd up on tbto pnnch, wUeb redncea It In 
n VM g fomb bentad bUlet baa baen dtometar and iMMaaea Ita tongtb. Afotr tba aaeond 

- -. Impreudon tbe paittolly formed abeU to tben ptootd tn 

tba third or Inal dto Imprwb m , wbera It Ja iItcb two 


fora It more perfoetlg' Tbo opemtloDB Inat i 
ace pwfonaad wUb only om beating of tba biUet 
and tba prodnctlan of a S-lndi aball nufas from 400 


One of the moet intermtlng polnta about tbto method 
to Its coat aa compared with slwlto made from bar stack. 
Tn produce a 3-Iiich abell from bar stock requires abont 
22 pounds of nutertol, nnd on mctsl coating 1A caiiti 
per poond, a bar obeli—axclDsIre of nuehlning—cosgs 
92.20; to produce tba same shell on a power forglni 
macblna rsqnlna abont 014 to 014 ponnda, and flgnrlng 
on 10 canto per poand the cost for material to only 9t— 
n saving of 91.20 on each shell. Furtbermnre, the pro- 
dnctlon of sbelto from bar stock on aubmutlc ma- 
ebinea to about twdve to afteen per day. Hu number 
of fMgloga that can be turned nut In tbe same llmo Is 
400 to 480; and tba number that can he machined in 
thto tluM varies firom forty to dfly for 
It to tberetoM evldeot that the production of si 
forglnf to for anparlor to the hur method, and (he forged 
shell to more aattofoctory from every standpoint. 


tbna operatlODi, and to handled Ipi a No, 8014 
ipaUa of axvting a pneanre of 1.200 tons. 
A billet 314 Indwa is dtomoter by 3% Inebca long to 
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FIr. e.—IMiRran llliutrmtliiic flow of hot mriol 
whUo betoi ptm«4. 

liNti-d ill II tiirniice to 1,BT0 dvR. Fnhr. nnd thpn quickly 
placiil III the (lie Mtaown at .4. The prcaa ia operated, 
and the iHimdi In drorrudluR plerc<>M the billot, being 
guided hr the giildn a, an ahoivn at «, which eloo acta 
aa a atrl|>iair. The forging relolna Ha heat to a certain 
eatent after thla o|iemtlun, Ihe tempcraliire bring alaiiit 
Ih'KO to l,12n deg. Fnhr. Thla la auftlrient to perform 
Ihe aerniid minor operation which, aa ahown at O mid 
n, eonalalH In forcing the liented billet Into the dic-hlock 
to redoca Ihe diameter ut the lower end and faellltate 
the auceeeding u|HTatlon. Thla reducInR operation la 


performod wttb the aama tn» ot paoA aa to oaofl In 
the aaoceatUiif (vetmUon, and the dle-tdoek to toaplj 
told on the top of a bototei while the tedndng to brinfl 
done. 

The flnal fomlng or dxawlng of the fbtging to aoooiB- 
pUahed aa ahown at A and F, the anna type of ttnm, 
being uood tar thla pnrpoae. 

In the mannihotare of ahrapool ahaU fhrglnga, the 
flnt operation to that at pUrdng, and to aeeompUah 
fhla aatlnfactorllj, it ia naceonry to nndendand the ac¬ 
tion of a piercing punch on a aeml-ptoatle billet of atael. 
There are oertaln fandanental town gorenilng the flow 
of metnto under preoMire and a atndr of theae to of es- 
eopHonal Interent An attempt ban been mode In Fig. 
0 to llltwtmte dlagrammatlcally eome of the prlndplea 
Involved, and In the following dtoenarion it ahonld be 
uiidentood that the billet to made from BD-poInt carbon, 
TU-polnt manganeee atcol, by 8A Inehee In dtometer. 

At A a round-end tapered punch to ahown In contact 
with the heated billet, and the llnee ahow the poaalble 
How of the mrial, L e., the material commenoee to 
“imck" at fho cod of the pnneh. In thla cane the walla 
of Ihe die are ntralght. At B the billet to bring pierced, 
and the reaullant elfeet on the flow of the metal to Indl- 
enled. Here It will be aeen that the pmanre Increnaca 
aa the punch deecenda, becanae of the wedging arilon 
oil the metal and the friction between the aurfAcce of 
Ihe ridca of the punch nnd die. The preaaure on the 
end of a punch of thin ahape to obout 30,000 pounds per 
Hipiare Inch. 

ny lea ring the aldea of the die of the same ahape aa 
at B, bnt making the end of the punch square Instead 
of roand and not tapered, different action to eanaed. 
When the flat pnneh, nn ebowu at C, first contacts with 
the metsl, the pressnre required la greater than at A, 
hut aa soon an the metal emnnwneen to flow aa at Z), 
the prenaure dccreaaea. FOr Inntonee, suiipono Ihe preas- 
ura required at 0 to pierce the billet was 100 tons; on 


tta MBM Mitoflal at 0 the raqiirefl prawn mtU bt 
only TO tona-to deereoat of M> ptf oaai ^toa toital, 
howwrar, doM not friloar (ha riW of (tot pWto u 
doaaly at 0 os at 0, and thla o eooanta la port for tha 
redoetton of power rogotoofl. Tilt aetion of hri flowtag 
motal on the Ihee of a aqnaro pauto la Jnit (ha rtTom 
of what would Bataralty bo txporiod. Inatwd of tho 
ponrii waarlsg awar at Ota odn tho oMtw flnt AoM 
rigne of woar aa Indloated at «. I l ia w e ore optoad nh 
In a ndlal dlnetion oaniad by tha hot natal attaekini 
the ooftoet parto In the face of Ow pmA. 

Again, a dUhront oondtokm aatoto to that ahown at 
0 and 0, when both tho dto and the punch an twnd 
M Shown at 0. Hare the frietloa of tba artr aded nwtal 
on the wolli of tba die and eldae of tha puneh la okooe- 
slve, and It to ptncUeally Impoaoibla to prodoee a eatto- 
fSriorlly pleretd bfltot In this maimsr. Fran a tbsoret- 
Icil standpoint, the condtUona ibowii at F ate Idnd. 
Here the ridn at the punch are etrolght tha end flat 
and the walls of the die taper or Increaae In dtonetar 
toward tho bottom. In thla case the frlcUen at Iht 
flowing metal to giMtly reduced because of the lenanr 
log of the wedging action. Other oonsidsratlano, how* 
ever, make thla method Impractlesbte. 

A Btlll greater reduction In the preamre nee ts sary to 
pletce n UUet to shown at 0. Here a square billot In- 
steod at a round one to being ptoned. In the pton view 
It will be noticed that the trlotlon on tho wnDa of tha 
die to greatly redneed, and the pieeeure oontlnnea low 
until the extrnded billet contacts all aroand with tha 
surface of the die. The completed product, however, to 
Inferior to that made from a nmiid billet. Fran the 
pievlous remarka It will be aeen that a punch and die 
that wmild best meet the rcqulreneuto to one having a 
ronnded end as at 0, straight aides as at 0, and straight 
walls In the die. The moot sattofsetory pandi and die 
for piercing shrapnel forgtnga when all tba variable 
condltlona are cmiatdered would be as ahown at 0. 


Plating by Impact 

An accuiiiit hiiH been pabllshed of a metal spray 
prucetw of plating, the Invention of a ttwedlah engineer, 
and from a intent recently Issued It appears that a 
alfflllsr pnmvtH luis lK<en tn conrsn of development by 
Ur. 11. Fmnels JeiikliM of Washington, D. C., better 
known aa the Inveiitiir of tho uow ntandard type of 
motlon-idetore projecting machine. 

Thla procem enu iierliiipa be bi«t underotood If one 
remembers that when hii electric lamp bulb given wny a 
discoloration of tho Inside of the bnlb occurs; nnd also 
thut when a fuse plug “blowa" the mica cover to dhe 
colored. Thla color la black when the fuse la of lead,' 
but It la n reddish color when a phee of cniiper wire la 


(liiuously fed. A iwlr of small rollers setuated by a 
motor inills the wire off the supply spool and projects 
It serosa the barrel until the end touches the nppnalle 
surfSce. The Inner lining of ilie lisrrel and tho pro- 
liellliig rollers are In series In an electric elrenit, thongh 
Insnlntcd from each other, so that a short clrcnlt Is 
formed between the rollera and llw lining, and the wire 
Is Instaatly melted, and Ihe heat of the wire ennsra It 
lo be thrown out of the barrel against any object held 
In iMHlUon fbr that purpciec. When a plurality of wires 
are used, or a flat ribbon. In order to cover a Isrgcr 
ares In a given Mme, It Is found desirable to add a pro- 
lielllng force, and this to done by Introducing Into the 
barrel behind the wirn a small charge of czplorive gas. 


of the wtrea I goea to tba totdi 8, which to an rieetrle 
switch controlling the motoc (not shown) whkh aetn- 
ated the rollera B through a flezlble abofL 0 to the 
wire to be volatUtoed, end if to a tube whlrii toada ea- 
ploelve RBS Into the barrel of the gnu. A mull tuU In 
tho enlargement of tha tube J near the npp« and lervea 
av a check valve, preventing “baokflra” down the tobe. 

The operation of the gun to portupe almoat obvlona 
from the drawing, the wire 0 being fed forward hy the 
rotation of the rollera H, soon cornea Into contact wUh 
tho Innor lining 0 of tho gun barrel and ibereopon to 
Inatontaneonaly melted. The mritljig of the wire ex¬ 
plodes tho gss which has oieantlmo entered the gun 


used. Thla would seem to Indicate some kind of e de¬ 



motor to operate the feed relle. 

posit KsnlUng from the blowing of the fUsei that It to 
not completely volatilised. Under a magnlflcatlou of 
SflO dlsmoters, or more, mlnnte particles of a copper 
wire aro dtocovered, adhering to the cover of the (use 
plug, and when a common vtoltlnR card to used for a 
cover Inatead of the mica, a derided deporit to attained. 
Bepeated chsTgea of aneh a flue reenlt In a complete 
coating on the card. When thla anrfSco to burnished 
Mth eome amuoth, bard object, a ahlny, poltohcd mrial 
snrfliee resalto. 

A fuse used In this manner to In effect a gun whldi 
thrawa out n shower of ndntoture shot so snuD aa to 
be Invisible to the naked ey^ and thla would operate 
ancoamfnlly tor covering almost any onrhue but (hr the 
annoyance of the frequent n'plaoemeBte with short 
pieces of copper wire. 

Thla led natiinlly to the devstotmant of a aperiol 
"gun" Into the barrel of which a ooppac vilta to con- 


L 0., oxy-hydrogen gas, gaaollne vapor, ether, or com¬ 
mon ctly gas properly mixed with air will answer. The 
melling of Ihe wire explodes the riuirge which projects 
Ihe mliilsinre metallic partleles, Ihnt are momrntnrlly 
snspeiided In the gas, against the object to be costed. 
As tbe wire to steadily fed across the barrel, and Iho 
melting Is Inrisntaiicous, there nro time Intervals (lur¬ 
ing which now charges of ga« are Introduced following 
snecoBMlve Ignitions, and a sncecsnlnD of miniature ex- 
plnslnns following each other with rnidd frequency, 
something like fho exhanst of an antomoblle motor. 

If has been found that objects of a great variety can 
lie coaled in this manner and that any eleririrally con¬ 
ductive material can be used for the ptirpnee. Coalings 
of lead. tin. sine, slumlnlnm, Iron, eoiipcr. silver, snd 
gold are rradlly formed In this manner. Tho different 
melting points of the different mrinia Is Iskcn rare of 
hy means at sn adjustable rheostat In the melting rir- 
enit. A roll is better than a grid, for reasona not necea- 
snry here to explain. 

Wood. iiielHls. fkbrfca, ptoster. wax, xtasa. In diet al¬ 
most any snbatanee, can be su ceewfglly cnatriL Metal¬ 
lic platIngB of one’a thumb can be taken In this man¬ 
ner, for It saems that the metallic partlriea, bring no 
very, very anwll, give up what bent they carry ao 
qnlcklj that no unploamnt senaatioD resnita. with wax 
or glae coata one can produce a dun of extreme thin¬ 
ness hy mritlng out the ghw in hot water. In Uke man¬ 
ner ribbona of extreme tblnneee can be nude aa a eon- 
tlnnooa proceaB. 

One of the meritorious features of this madiod to Its 
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great economy, for all of the beet devrioped hi the haml thronih the taba ^ and tha admrta HobnlM Into 
melting of wire to usefully employed; none of It la whlrii Hu metal fcnaa tassasdlatolj U to meltad on fiw- 
wasted. Artlries which would be deriroyed la on arid jsetod srlth vlolinn agriato whatovig la oit la friiM at 
elect wp laUng bath can be coated, and eoathif by tbto it and eflrii Ownto. flnluaqnMt tkaiflig d( tkto* Ml< 

PTOM to many tlmea mota rapM than etoctroptatliig. nnto paltoto ao iratf aa to ba tevtoUda to tfet tottWt* 
m newmpanyliig Ihu drawtaf innetratoe tbs gen- atriba on the oam iga^ timing a gMMtoato «<ll4 
wal roiyractlim of the gun. 0 being tha atoch, A the Irtft thaprSaedtogshaigwunma hi)to(<Tnwh>r cdiitfi4 
harrel, ^ wMh mtoa. a# Aown by Ihe haaty Maril any thtatara dedrsd raflHa. 
line 0, with a eondnelive Unliif 0 dnntflinllj eenaefitad ... 

throogh one of Ihe wtra f to the aonroe of earant 
AMthor of the wira / la qtHtztogjiy to tha 
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. ,^ AMricta Gu bgbH 

rVta ¥f|M4 teBdM gu Unwlog canine ertf 

to Um UbIM toatM wm on eaUMtloa M- 
Bt toa watfca of tlia Maito Uachlne Oompaiv, 
Waat WDaqatug, Pn. Tbo gaa qllaton are 48 ladica 
to atoflMtar. too ale c^Hiidar 84 totoea In dtonwter witb 
a Wto| i ctrota of » todna. Tba toslm wlU nm at 
al ipaairef ftoa 40 to SC coroIntloiM pet nrinuta, de- 
ifr fflliS ii|MB oparattof eoodttlaaa. Tho aoeompanTlDK 
UlMtntlflM ahoar tka gat aoatoa on the anettmr Soor 
oP tho Maito Maahlna Oanpanjr and alroa a good Idea 
ot How too angliie win appaar when flnalljr erected at 
t|M piant of the FaaiHgrlraiila Steel Oonpaiir. Steelton, 
ha, whaee It la'to bo anqriogred. beoanae tbe platform 
to too fbcegnaiid la approximately at door lerol rela- 
tlro to too engliia 

I inma gBa-Mewliig o&cllien were Brat Inttmlncod In 
too OnKad Btatea many ohlaellona were Tolecd on ac- 
toiiBt of tbe preat number of morlDa parte, but the 
etow of tola blf mochliie, which chow tbe valve op- 
cbatliiS aide, provaa that thla objection la no longer 
valid. 

, The air and la equipped with Heata automatic pUte 
volvea, which requite no valve gearing. Tbe uHe of 
tooaa valrea haa made poaalble tbe pUdog of the air 
cyltodar In tandem vrllh the gun cyllnden no lhat the 
px cylinder ptaton cen be directly driven throngh an 
ehtaMdon of the gaa cylinder platon rod. Tbie arrange- 
toont noted la mueb idmpter than that of plaHng tbe 
tor cylinder on toe oppoalte end of the bed pUte to tbe 
gaa eyllndein, vrUdi method baa been ao geonrally lued 
la tbe daaign of gaa-blowlng enginea in the Tlnltcd 
Btataa. 

The engine la of the center crank type. A donhlo 
bearing bed plate la need with thla crank and reMnlle 
In an equal diatribntlon of the atreaaea. 

At the preneot time a dnplicntc unit la being built 
and more complete Information, with teat rcaolta. will 
be available aa aeon aa toe engine la pnt In operation. 


Dcdth of Plen«<l!iiiilc Martin 

Pinnnn'ItMii.u MAwnn, the inventor of the open 
hearth procea* of nutidng ateel. died on May 23, In hla 
nlnety-llrit year. He wna bom at Bnigea, Auguat 18, 
1824. 

It waa only meenlly that the Iron and nteel In* 
■tltnte, TSmdand, had awarded to Martin the Beano- 
mer Medal In renognltion of Wa inrrieoR in the 
manufaeture of ateel; and the alaUmienla made by Dr. 
Arllrar Cooper, aeling aa preaidnnt of too Inatituta In 
making the preaentation. which waa through a ropr a nm- 
tatlve of tho French Kmbaaay, tell very nlearly the history 
«f the dovehqwnonta noeompliahal by Martin, aa foIlowB: 

“Ffa>ttV)-Rmne Martin (Fourohamhaiilt France), the 
reolplont of the Beaaomer Gold Medal nf the Iron and 
8tad Tnititute, is one of the laat nf the plonenra non- 
neeted with the great devtoopmont In the luanufaetura 
of stnd which took plaoe hi the Utter half of toe nina- 
teenth ooutury. He ia the inventor of the pmeens for the 
numufaoture on a prmotical anain of open-hearth steel, 
for whUh hla llrat piOent was taken oat In July, 1860. 
The p r o o eaa, whkdi oonsista of melting plg-lmn with 
seiap steel and iron oxide, has ever idHw been known 
on toe Continent aa the Martin prooeas, but In this 
country it is eonunonly oalled the ‘open-hearto praeeas.' 
The actual dboovnty that steel eould he made in thla 
way waa not new. Rdaumur, in 1722, hnd already 
produned nteel by molUng a mixture of phedron together 
with Homp and iron oxMe, but hla experiments had 
naver gone beyond the Uhoratory stage. Many meull- 
nrghita sahmisiiiently endeavored to follow the method 
lasted by Rdaumur, but the dlffleulty of obtaining 
a suflMeii^ Ugh tempeiuture In the mailing hearth 
proved aa ohstaeU which none of them eould overoome. 

“TTm invention of the tegenenstlag fumoee by Mr 
WlllUm Blemena pt length overeame tols dilllmilty, and 
in the emly irixUoa Pierre Martin began experimenU at 
BtrenO, In Fmnee, vritfa a SlomAns fumaee of 1 ton 
eopoeity- After many ttlala and dhappointmenU he 
''at length raeeeoded In ptoduolng open-hearth steel of 
ng^ quality and mmqNMlUon, and the prooeas wss 
up by two of toe leading Frcmtoi steel works. 
The mieesss of the new process natuntoy sRraMd too 
attautioB of Martln'i eompetitott, and it was not long 
(nAm too validity of hla patent righto wm altaeknd 
<m toe atnogto of Bdaumur’a prior puhUaation of the 
nsujta qbtained US yeoia aart*. attluiitoi toeae had 
UdtoMpmoMraMilt. hfartoi, not having toe means 
to dtomd toe UwMiito htought^agtonat Um, wm ootn- 
lltoM arttr two or toraa yaorf to give up tbe straggU 
totoM hto oopoMato and to retou into private Hfe. 
For toany »sara hk dUatnuN wba tefottao. altoougb 
^ pn^ ha4 always eoptiawd to ha asseBUtad with 
htofUMM^ WjMt Hbeoanw kwown a hw yetfu ago, 
, toe O^ta dto ttogM da FmMe. toto Mr. 


had bean denied to hfaa in earlier years, and at a banquet 
held in Paris In June, lAlO, the ste^.inB]nTs of Europe 
nnitod' to do Um honor, and be wm oreated by tbe 
PVaneh Oownment an OtSeer of tbe Legion of Honor. 

“By toe tone Martin had perfected his method, 
the B ense m nw stoel.ffiaking proneas, whkh had been 
invented eight years aaiiier, already 4wnipletely hold 
the Aeld, and too Martin prooom, eepeolally no aeoount 
of its highsr oost, wm unable for many years to mako 
muoh headway s^lnat Its powerful rival. The Introdun- 
Uon in 1879 of the baaio-llned furnaee of Thomas and 
GUehrist, by whloh phoepborie iron became avaiUble 
fur oonvonlon Into steel, gave a great impetus to the 
manufaeture of steel in the open-hearth, and the pro¬ 
duction of opon-hearth steel (Martin steel) began from 
that tone to Innmsse steadily. In point of quantity It 
hM now fnr out-disUnoed thsA prudueed by the Bessemer 
prooeM, the world'i production of stool for 1913 having 
been 74 million tons, of which 44 nilUlons were made 
hy the Martin pmocss and 30 miUiuni by the Beetirinnr 

U^t-Stroke* 

Tnne la sn Itallsn proverb, “All dleeasee come In the 
dark snd gel cored In Ihe nan.” Interpreted froni the 
Btaiidpoint of modern bacteriology and sanitary sci¬ 
ence, this statement has something to enrnmend It, for 
light Is tn-dsy recognised as a potent defense against 
pathogenic mlcro-organlama by virtue of the denlruc- 
(Ive action whleh It exerts on them. Light, hoavver. 
unquesHonsbly has pathologic es welt ns physlnlogic 
effects on higher organisms. Under ordliuur Hreiim- 
staners, we are expnaed to sunlight of mudemle or 
moderated Intensity for limited periods. Kxpnsiiro to 
Intense snnllghl, on tho other hand. Is by no means an 
Inuwnous inwednre. Freckles are a fomlllnr Imllrn- 
tbiii nf a physiningic responae to light, since they mske 
their HPlMrance on those parts of Ihe h<sly whleh nre 
exposed to the Man’s rays. Predlsissted Indlrldnnls 
react wllh more pronounced eutnneoiiH eymploms under 
conditions In which sunlight la helleveil to play a rftle 
as a causative agent. Indeed, the skin Is not the only 
organ whleh may react. 

In this connection, the phenomenon of snnslroke Is 
at once suggested. This term la. however, subject to 
much conftislnn and mlspmieepUon. Rome of the 
symptoms attributed to It nrt^ wlUio<it question, assn 
dated with heat exhanstlon todneed hy elevated tern 
peratorcs, IThere Is iwnie evidence la modtcnl lllem- 
ture of the pnssthlllty of what Msiumn has termed siiii 
trsumallsm. In which Iho lioat nvnilaHon may not ho 
alone at fhult; for precisely similar effei-fB have not 
boon ebnervnl aflor expengre to heat from stirh artl- 
flelnl nnurccH ns fomacee. In so-called snn traiimnllsm 
the morbid state Is rhararierixed as a mle hy Modden 
death occurring without a warning. The sense of dls- 
trees In a hot snn la not prsetsely like that provoked by 
a hot Ore. This Jusdflea one In raising the qnmtloo 
M to whether the sunlight sn nneb may not prodneo 
serious pathologic consoqncncca, particularly If the 
aubjectn have not bcoomo gradnally habltnalod to snn 
exposure. 

The photodynamic action nf certain organic snl>- 
atancee, to which attention has lieeii called of late, 
may have a bearing on llie problemM ralMed by aome of 
toe pathologic effecte of light It haa been shown that 
InJccHon of anltable scnalttslng enmponnds Inin albino 
mice (whleh lack skin or hair pisniPDlH to protect them 
against tho direct action of tbe light rays) renders the 
animals pecnilarly Irritable when kept In the light, 
tbmurti they show no untoward effects In the dark. 
ITematopotphyrln. a derivatlre of the pigment of tbe 
rod bleod corpuaclen belonging to the gronp of Investi¬ 
gated photodynamic snhst sn ees. Ih of special Interest 
beennae It Is adtwlly known to arise In the animal iMidy 
nnder patbolagle enndttinns. Tho sj-mptams shleh 
tbe animals treated with benMtn(»n>h.vrln develop In 
tbe light are nut due to any liihereiil toxlelty nf tlie 
eomponnd Itaelf. They ortUimrlly consist nf lesions of 
the skin, aceompanled by subeiifaneouH edemas and 
other aevoce effects, These mny assume an aeiile or n 
ehronte form and are not Infrequently hlal In Iheir 
experlmentnl outcome.' In IrlalH on himself, Meyrr- 
Retri haa aclually demonstrated the |)hotnsenslllslis; 
effect of bdmateporphyrtp on man. The most reeeiit 
pragiWM In this Held Is repn-senled hy Ilansmaun's 
ahlllty to senaltlae animals with imrphyrlna to sneh n 
degree that profound rvuctloos are prodneed lanaedl- 
ately on expoaare to light.* In his enriier work, to 
which reforeiice has already been made, tbs culanmus 
jaympiatM uanally were the flrsl manifestations of 
abnorawUly, dlatarbsnces of the central nervous sys- 

• Jssrssl of tbe AnMrtmn VeUlral Awmiitlos 

‘ Bassawsa, W. i DIs ssssIMIMsrMids WMrang dn Hlsia. 
toporphyrlns toochMS Mselir.. 18ia xxx. (76; Ktniilra. 
theraple, Uia. HI. tit. 

•UsywKBsfai Deataeh. Arch. t. kits. Hvd., Ult, cxU. 4Ta. 

■HaaaiMaB, tf.: Oebvt dlt mriMiWstvnde Wlikoag dw 
PMtoM fcate. UM Ixvil MB. 


tern making their appearance mnch later. If nt all. By 
IlaiMiMim’a new tecfanlo It Is possible to render aiil- 
mals so respoualve to the effocls of light that aa aeon 
os they are exposed to the rays they promptly enter 
Into a narcoata terminating fotally In a tew mhnites 
By Ireatment with the light of a quarts lamp, suitably 
prepared, mice manlfost the ehroDtc forms of this sen- 
sltlsatloQ. Tbe nttrarlolet light la also concerned in 
tbe change. Brief treatment sdth light from a qnarti 
lamp may lead to neerooli. 

This Intensely acute mode of death by eximsure to 
light has been expressively designated as Itght-stroko 
(LicktscAisg) by ITauanuinn to distinguish It from the 
manifestations of true heat-stroke. It offers an exisirl- 
Biental analogy, perhaps, to the ohseiire hanntul effects 
of snntight which still await a rallmial srientifle Intcr- 
pretatton. 

(SanTHttmtiifnrr 

[The ettton urs not raapuMAIs for otmtomont* mods 


nyliiC-Boat HoIIh 

To the Editor of the SonuTirin AmmirAx RiqnqjtMXHT; 

In the RrmsTWTO Aiiinui!AR RnrrtXMFST of March 
Ath, inin, is an article by Mr. Orl Ilntrps Bniraan, re¬ 
lating to experiments rondneted at Ihe Model Basin In 
the Washington Navy Yard under Ihe direction nt Naral 
ftonstmetor IT. O. Rlehanb«>n. and s neimrt, whleh has 
been published by the Tsingley Aenslynamlcal T,abora- 
Inry of the Rmlthsonlan Inslltntinn. 

Mr. Ttntmsn Ha.\s: “A model was designed to obviate 
the deferta nf Ihe Aat Henw-how type, by Introdnring Ihe 

V type hiitlom for perllng the water rather than forc¬ 
ing It aside. An earlier mndri of the V type caused a 
great smuiint of spray, sod to overcome this the V sec¬ 
tion was made foil, hill ns this only Incressed Ihe spray, 
the V sections were made hollow, which bmnght about 
the desired mnills; holding the spray down. Inerenslng 
fhr planing effect, and rednclng the resistance.'’ 

I heg to make the riillHsm that anyone ivadlng the 
slxive paragraph, and other imrtlonn of Mr. Bntmnn’s 
article, would get the Imprnwloii that the department 
at Washington hnd made some new dlseoverles and 
emated mdlmlly new drstgiis. m other words, that 
this detmrtmeiit hnd diHenvered the advniilnges of hy. 
drnpinne holla having a V seellon, niid preferably eon- 
enve V sections, ami, as a nvmll of stieh discoveries, 
had perfected models which olivialisl Ihe defects of Ihe 
Aat seow-how typo. 

II appears to me Ibst Mr. Biitman’s aiilele Is rather 
partial to the department at Washington liceaiisp. If be 
Is familiar with Ihe development nf Ihe hydroplane, he 
knows that the writer bail doHlgtied and produced 
hydranllc boata a mmilier of years prior to the dale of 
the experlmentnl work at Washlnglnii, mid that such 
boats had concave V secMona 

T have read Mr. Richardson’s report rmbllslHsI hy the 
Rmlthsonlan Tnsllliilinn. and also a Hlmllar paiier read 
hy him and pnhllMhed In a lechnical Jnnninl. and, lu 
view of Ihe foel that he altaihes ao miirli Iminrtanee 
to Ihe V type of hydroplane, think that It would have 
been only flilr and a courtesy In kis<plng with the 
etlqnellc of his prnfrsslon to have made Home reference 
to my work In this direction. 

Mr. Richardson In his paper gives Naval ronslnietnr 
Ilnnisikrr credit fnr suggesting a formnla, a mailer of 
liistgninranee In eompartson wllh the discovery of new 
prliM'lples and designs which have revnliiUonlaed high 
speed hnsiH, and probaMy will be of liiestImaMe value 
In dying hnata. 

Tbe writer s|ioiit aeveral years In France developing 
the ]i.idnqi1mie, beginning In lAOT, and wss the And to 
dlsisiver. design and hnlld hydroplane Imats having the 

V seetlnn, and Ihe Arsl to adapt hydroplane prlndplra 
tn h<«t shaped hulls. 

Aside from the dlHcovery of principles. I produced 
praclleal derigna whleh arc closely copied twday. T 
also imhllshed In English impers In IPOA and 1911) a 
nnmher nf nrtleles giving mindi Information covering 
the hydmplaiifl subject part of which has been vcrlllrd 
at later dates by different exiieiiments In Iho Model 
Basin nt Washington. Wilmam IT. FAimn. 

Brooklyn, N. T. 

A Correapondent writing In Power Mays: "A tale- 
phono rerelver has been my ronstant friend for years, 
for varioua uses, one nf which Is In mniicrtlon with 
cnllporing, especially the work InsMr nf eiwtne cylin¬ 
ders. His most ronvenlnt way la to have the two 
aldea of the calipers Insnlated from each otoer. The 
work tn the lathe enmpletsa too eircult causing a rilek 
In the receiver. An ordinary pair nf p.d1l|s>rs may be 
uaed wlto a cigarette paper between tbe work and one 
oUt oC toe otUpin. 





Renderlnc “Proaetheui’* with eolora. Ai the ercheetre plajrcd light of ehanglBg hoe UlBMlMd the m 


The Art of Mobile Color 

And a Discussion of the Relation of Color to Sound 
By M. LuckivHh 


Thk <ln«ni Ilf un art uf iiiohiki etiiur U liy tin iiii'uiih 
Ilf n<(tvnl liirtli. DouIiIUmw fur renluriue hucIi a 
biilty haa dwell in the imaginalioa of arlieU and in- 
veetigaton in color Hcicncv. Yet tlic realUaliun uf aueh 
a dream ii pertiaiHi many yearn in the futuK' owing 
i-biefly to the fact that doHiiite eumilmetivc inmtigaliun 
iiaa not been dirmted toward the myatorie* uf tlie eniulive 
and expremive value of oolon. That mobile eolorK may 
be vmpkiyud In aueh a manner aa to make a eomewliat 
aimilar appeal tlirougb tiaual pereeptiun bh Miund niiniie 
duea through the aural apparatua, mirlainly appeara no 
nnire impmimhiu than did the mlution of many ot the 
inyaleriea of yeateniay. The develupmuiit of eueli an art 
pnilHibly will not be lift to a Hingle brannh of xelenee but 
taperlmonlal iMyohulugy mual furnbih a large |«nrt tif Ihe 
eunHlniolivu data U|ion which eucIi an art will be founded. 

it ie the ebjoot of Ibia lirief artieie pi Huggext the 
general ln>iiil that the Inviwllgnlion muHl lake, ufpT dla- 
eiiiwing Mime of Uie Kuia'rfleinl nlleinpU that liave Inm'ii 
made to relate oolom and MoundH. Therefore the xuli- 
jeel will be Inukid fnini two view|Niliita; flnt a« to rebt- 
tion of cokira and aoundii, and aenond from the viewimlnt 
of an art of moliile color, independent ef any oilier art. 
The tnwtmenl from the fliat viewpoint ia not entirely 
one of elmiec. In fact ono inUireaUal In the development 
of an art of nioliilo oolor, indeiwndenl of any other art, 
feela laimpi'lh'd to dianua the imaailiility and jualiflcatlon 
of iueh a relation, honauan in the fow Inalamica that tailora 
have la«en relaUal to aound niuaki the Miiperfk'.iallty haa 
la'OD quite ^parent. It ia aigniAcanl that the narmw of 
llicae "inventura" are net fuiiml among llii) laperimental 
liayelHilogiata-aod other invealigalora wlio nro nmiartliing 
InfnmiHllon that may aoitie day form the roiinUalion 
of an art uf mobile eolor. 

In 1N«H J. H. Maclkmald in a laaik enlithal •‘Hound 
and Color, ” alleinppal to n-lale aounda and eolora by 
aflixing to lliv "aevi'n eolora of Uie nunlaiw" tim "aoveti 
iKiU-a in tlie nniaieal aeahi." lie ho|Hai IhnI liy aueli a re. 
lation lliey "ndglil prove to Iw perfwoly analugoua In 
tlieir relative properlica and effeeU dtlier in aingio it.- 
qiienwi, or In numblnatkin." Hia uhjont waa lo make 
pm-tical uae of the principlea of muaical harniuiiy in 
jiainting, or in the aaaocialion of oolora in inaltera of 
dnwa nr deeoratinn, I’ainting aa an art la on a par with 
miiain, Init the bitP>r aa a nience ia oertainly In ailvanoe 
Ilf the line arU 

KIniinglen. a few yeara ago, in a book enUtlod “Color- 
Munk!.’’ n'lHwtedly enmparat eolora and aounda owing 
to the fact tlial both "are due to vibrationi which alim- 
ulale the oplie and aural nerve leapootlvely." He 
further atalci that “Thia in ilwlf ia nvnarkabiu aa ahow- 
Ing the aimliarity of tlm action of aound and color upon 
118." He proaenta other • ainiilaritlca'’ but in fLirmaa 
It ahould he noted that he atalea that too muoh weight 
ahoukl not be gtvwi to them. Nevertbeliiai, owii« lo tk 


repeatcti eilationa by Itiniington of llitaai “aimilariUea,” titled "Promuthoua" waa rendered by a ayrmphnoy op- 

tiiie (•ont'ludtw that they infliinnee him conaiderahly in chostra (aa dnaetlbad in the Seuitt(/U AmfHean April ID, 

developing ilia wM>alle<l "eolorairgan." The aame gimerul 1016, p, 343) with the aceompanimont of coin** aeeonUiig 

eritleiam applica to MaeDonaM'a Ihtajiy, aa well aa to to the "Luee” part aa written by tha oompomw fpr Iho. 

pruclieully alt of the anritiiiga upon llu' relation of eolora "Clavier .a lumiera." No olue if givwt ia tlw 

and muaie. wore regarding the colon repremiiited by the ootai in 

There la no phydeal relation hotween aounda and tlie "Luce" part, or the maaniw in which a '‘color ehoed'* 

eolora. Htiunda are traiuniilla<d by wavm in a miUeriol la lo be played—edwther by Juxtapoiltion or aupery 

inediuin, oa proved by maoy expenmenta. Light raya podtion. The latter ii of fundamentd iinportanea 

are au/ifumed by many to lie tranamitted by a kupolkrlicnl aamueh aa the eye ie not ualytieal, a mlxtnn ef 

imHlIum called the eUicr, but aeientiala do not agn« the oolon uf a "oolor ohord" ncnlU in a dngle hae. 

aa Pi the extdmee of an elluw. Kurthermure, the two Home of thoee rtaipondhie for tiia rendition of iUs nude 

kinda of wave motion that are uiaal, for oonvonicnoo, to with the' ooior aecompanimant had at dlihieat — 

repreaent aound and ligiit rtiHpoellvidy are nnanartly previoiii to the final proeentation, awieptod both tin 

dllTcn'itI, laa-aiiae the fornicr ran not lio (wilariaed while iUmington aoak) and the code (the latter having 

tin- lullcr can Im>. Theae few fundametilal ililleronero been tUfooverud after the agperimenti on the “oolor 
on- Hunicieiil. PI prove the futility of any niainia that iDctrument’' werq, well uwhir way) ac being pniidilj 
aeiinda and mhini am prodiiiaHl in diiiilor wayi. rebled to the mudo. Thino eodoo M cbown in the tahia 

Now h-t tig winaitLir Urn imnielving orgami. Tim i«r ia are quite difforent. In foot the ookin r^moonted hy 
unalylii'al Ihvbuimi a iiiuHleuI ehonl can be analyxod Into ouTlain notec are cumeUmea eotaally eomplmentov. 
tla <aim|Kiiii>iita. Thin ia nut true of tlio eye; that la, the The origiDal aoooptanoo of the Uimlngton OBalo, in the 
eve ia a Hyntheim iiulruuuuii iii«a|>ablo of analyxltig ahaonoe of Sainblne'a aode, oi bei ng ndapted t» the 
a color into iu euiiiponoupi. Many colon can lie pn^ inuaio, and the *"»t aoooptanee of the 'tMrr aode, whioh 
dmmd by varioua mixturca of apcetml oolon. Kbr in- waa iiaed in tho publio pmentation, diowf that nt tha 
atanmi a apiciral yoUow can Iw inatebed by a mixture preaeiit time there ie no definite niaiioo hetwoen OokiB 
of red Mid gnam apectral ligbbi. Tho eye can not die- and made, even In the of artiatie intafpntan of 

linguiali Imiwwn ihnac two yclIuwH. Thia dlireruooe in mudo. It muat not be- tt'* that the aoion t» tho 

two organa muat iieeeiiiiiiriL' influemm the ohuieo of a tabb bear any ah^nto nlatioa to tho etgtapoBdlflg ‘ 

funduimiiital mode of pcuduciiig "oolor inuaio.'’ noteo, for they do not. ThoM with tik — 

liuuuully a niuaiod compodtiun hy A. Boriabinn wir of aolur would hardly It ptotmUa that A' 

poaer of minb wunld bold the key to''eoloAwitb'' 

they freely noknowlodgB ibelr h^icoanafip in 
ndatlng eolon and murieol Mnnnia. Wo on 
Ignonot uf the p h Hooophy of 
legurioal pownr of nui^e.inid 
power of oolon b alnUMt Jnfinildy 
painted to a fOUun in Iho mndilion 

with the aoeompaniiiieiit of oDibn, Odd 
with the oridM. Bftat^,Mfig(ora 
of oounnyrtiiin and ioortia. tho 
and tradool aoqado: trao 
ingi and nnaatMMtory. 
nentol wert hao not y«l 
abnabte 
ofodon, 
toaonad 
tUibo 
aa 
9* 















scninmcAiffixicAN suffumentnoimm 



■one of Uw «rtpn o( tiw pMt, aad lo Nowt tiM pn>- 
oodun for ooMtraelfo* itodj whh tho hops UiAt it wiU 
fold to • doflalto art of mofaik oolor At itraiMit tiion 
ii ao wt of nobtlo oolar, moapc ooBo tonetiv o data an 
aTailable than ban boon haidlj non than HperlMal 
atUaipto made to pnaoat it poyaholaciaal itadln moot 
be nlied upon to point the way toward ita de v eto pu ieot 
the fleU la worthy of onltivatioD then an definite pnb- 
loma that muit be itudied In order to obtain foundation 
matorial for huUdiBK np an art of mobile oolar 


UnpBad Rod 

rriOBoa VlulM 


"amothranlM'ofeidan ofahnultaneouaaodnueeaBriva 
aoatraala in brichtneaa and boa and of ihythmia a^ 
g oonooa in huaa, tinta and ihadaa it in intorertniR alao 
to enparlmant with otdon m niataon to muaie How* 
a*W. a oafa eltmentaiy praeadun in the latter ezpeii- 
ONnl tl to naa eoiond hght nwely to provide tiie at- 
BUqihen,'* and indiially to Introduee the element of 
vailad intamity and pooilbly rtiythm Certainly It n 
hr Ian pnaumptooua to ue oolor in thin manner m the 
aboMioa of expecfanentol data tiian to attempt to play 
a 'tana* inaolonanapartaf amuaiealaoon In pro* 
vtiBni “atwOpiMra’ for a partlenlar motif aueh onper 
ftsW aaaoototlonal nlatioM aa Une-gnan for npi^ 
watar and oraqfo^ed for An (beeann ortiata point them 
thua), are inanllleimt It la the deeper enotwnal nla- 
tiOB that ie daaind whMi oaonot be detennined with 
eertainty whhout many eanfnl eaperimenta 
Indovaloping an independent art of mobilo eolor what 
pneadnn dull bo o^tedf Certainly the fmid^ 
awBlal Mtoortoienta will ba found In the rmlm of payoho* 
bey Tito atm of the modern artot w not tot^ un- 
relatod to tha eohjeet. and a group of aueh artieta pv- 
hapn would fom a moat intereating audienoo for them 
aapmtatoBti The new nwvean«it in the theater which 
la tWvlac fog harmony In tetfam, faghtug and aatting 
la ant u nr e lat ed to tha aubjeet under eonnUeia- 
don Thn atudy of the ovofaitloa of aound nude u 
Bltowlna ptoStabla and anammgiiic A thought that 
natotoBy aomen to ua u thu b Qmm aaythiiw In Na- 
tura that aaniah whir undBr Pethapa aaenaa Adi of 
flofiirBuy be aiigyliva ef the "atmoaphen' aolora for 
■ a d tol aempoutiaue. Portupi d the ayele cf anwar- 
■naai at Utah a aeana thronghoat a day were ewnp r emed 
lato a period et Ava minutoa it might tuggeat what a 
orinpertlBB In tha art of mobile aobr wouH be bhe 
Whnu oaa bevM theahperimaatal work ha la appaOad 
atfltolUinitiriH cf thn work to be dona Tbeavniinbto 
ihNhtbJttl Bteraum yWdn aonae mtortating iidonna- 
iku tab tretk pm affeMloh partafaliac to eolon hna 
tneddnhto tata dtoirarit wUdi enwttoally win form 
a dblatla bMb for dmtoptv ad aH of nwUla orior, 
lubtaVrM|li hegtok At an Onnlrallon of tha ahaN 
nrijr of thn btadtiiiy Iitft ri mru to baptribnned 
the tndm Wtoito nbtifnid ta Atai bbeertim on the 
Mtana hr Ita nllM an <ivnu to tho aoomnfwv- 
ln« tavL Tta - 


total to* toellhilltota N««to ttt dw aotorn 
n ga to ttot l i * (ta) » taftto)_ ntottawlen, 
iitota'tota lltai WtoMtobti.tad • wta ni>- 
totlltotatWtaM ft mto WNbtawkndto 
ta <1 thrir 

Spta n^taftoAtoftatatottitotoiha 
iSlWWdt i to dlto ta btd tota. ta taw 
bdtta tolto # P! Ita of the 


whieh to ehooae The moet eatumtod (pun) luIou 
wero pteferrad and theae were near the enda of the 
epeetnun and aloo ineloded the purptm Thein multa 
agteo u gonerml with thoee obtained by Cohn Ilndford 
Titehanar and otium although theae vanoue invMU 
gatom need diflennt mathodi Thero w anme evidenoi. 
that aubjei ta who are leu oapabla of uolatiiig the eolore 
that io, more mohned to aaaootate them with utlur 
azpeneneea prefer the tinta ami ihadee Bpaoe will not 
permit of a detailed aeeount of lueh ezpenmenta but 
the foregoiiig ie oited aa one of the umple meaai of at* 
taeUng the problmne to be arived before the art of mobile 
ookar can be lupplied with a foundation 
An the known iwind^ea of harmony and eontnat 
of oolon ora avnihibla for me by the pioneer m the art 
of mobllB oolor The * amoUvo value ’ of vnnom buea 
tinta and diadea of aunultaiiBom and aaoaaamve eon 
traata In hue and bnghtnaaa and of rfaytiunw aaquanoea 
In hue nnd bnghtneaa muit be detarmlned VHifle a 
oolor may be moat higfaly p referred amonga large nomber 
of oolon tha emotive value ’ of thia color w perhapa 
rather low ai oompared with many other onperteneea 
For matanee a deep bhe oolot may he liatinetly more 
piefomd than any other oolor in a onrtain group yet 
It ean hardly be eompared in emotiva vnluo to a rong by 
one of our operatie ortiite Aa Titohener atotea whn 
eompared m plaamntnam with a good dfamer or the aoent 
of a flower the oolor patch will aaem praetiaally mdif 
ferent Of eonne the reaulta of nnprewone are only 
nhUva nod then ta pethnpn eoSatoat emotive value 
Ineotonntonetobtliige un BeeetoedormnMe However 
the fongoing point la of Intamt in eomUniiig eolon 
and tound mmu> Certainly a 'eohr inatraaN nt ean 
not eompeto with a tympbo^ oraheatra. whieh leada to 
the tentativa aonelmioa that eohr in endi a relation 
iboatd be eubrndbutod to the roh of merely providiiig 
"atomidiero A eohr hatrument of definite form w 
aontohuow ■» it* feehlenem whan in the midet of a 
eympbony onheataa Bueh a entielBi appbea to the 
reeant renditwa of Promatham 
Tha inewhamnal oonttonotioa of eanier u naotal opponr 
toe for etudynig color pbiaaea ’ ta dmph Two genenl 
matboda mmt be am]d(ta at toft la one tbevaitoua 
oohn eompoung a oolor ehotd ’ are eepaiated idiyde* 
a^ by plpjlito Riem on diffemt pacta of a white eemeo 
Unto wtaodneud the faetar of harmony and ovenoimag 
the laek of analyth otoUty of tbo eye In tha other 
the omnponent aohn of a eohr ehord are ndiad ])y 
i U parpo d twn Obvhudy u the latter ean harmony ■ 
Unutod to Iba praae nt a t w n of oohn eueaeadvaly nsd the 
pradomtoMit footor m emnpoBng eohr mnaia to be read 
■ad fay nak utament would be that ootor^ 
m ta ta u a In the hew oan Iba pradomhuat foetor 
would bo that of tha hanmuy of juxtapoaed aolora In 
both fuwtduM the ahmwt of rhythm and variaton 
to toi ll hf atm ha lataodnoed Both typn of lartra* 
auAti tona bwu anpertaitod with by the writer, but 


Tito abta «f tti tita ta ta ta potat out britly 


Radium Trealmeut of Cancer 

Tul Vmortcan Hucloty for the Conlrol of (ancer 
Aare that exaggirated Idena of the power if radlnin 
In the Irratnunl of cancer may nwnlt from the recent 
publicity given to thIa agant In the dally ptoea It ap- 
pearn hlafaly Important nt the preaent Hme that tha 
llmitatlona of radium In the control of enneer ahonM 
be emphcalmd aa well aa ita fovonble effects In cer 
tain caaca Otherwlae tha familiar atory of new bcpni 
dretlnrd only to dtaappolntment will again be rceonled 
at the irianHe >f many unfortunate anffireni 

I he luniUvL dTrcta of radium are pmctknlly limited 
t Hlay to RuperflcUl cancen of tha akin to mperflclal 
grtwtha of mneom membrane which are not trne can 
cere and Io aome deeper lying tnmora or boor etc 
ahicb arc not very malignant The problem (4 the 
i iiHtiIntlonal treatment of adianerd Inopemhle ranerr 
Im Nttll untouched by any unthod \rt dertard or likely 
I be devilled for admlnieteiing radium Keen among 
the MKalled radlnm cure* It idlll reoulm to be deter 
mined In many canea whether the farorable remit la 
liermanent or la to be followed aooner or later by the 
nanal recurrence The m Mt competent rarneona db not 
dare to prononiiGC a caae cured until Ora yean have 
ttapned after an apporentli auccemtul operation Hie 
aame teat moat be applied la.fore we can finally diler 
mine the nal value of radlnm 

It alHuld be emihaetaed eaiiectanr that radlnm can 
n It at pn aent exert any liermanent benefit on general 
lied iBiKer and alnce laiiecr In n very large proportion 
of caaca la widely dlaaomlnated In the body early In 
the counw of the dlneaae thia entire group f caaea am 
expect no Important relief from radium \nnther targe 
gronp of cancera la compnnitheh liwereiadhle to the 
appllcallon r f radium no that the iilllm ite ‘oume of the 
dtaeaae ta not iffeeted R)thini,h eerlaln ifrtlona if the 
tumor may be reduced In alie tgain many forma of 
canecr although Incallacd and acceaolblc to radium 
grow yer) rapidh and reabil the cuntlie at linn if thta 
agent no that no ml benefit can he expected from Ita 

The heat mnlta of radlnm thirapy can be aetured 
inly wlHD comparatively large amounta are aiallable 
for nai anil the pr e aent limited world a aupply tf thia 
metnl placea It out of reach tf the gmt majniily tf 
paHcnta. It la to be fimred that much harm may rmnll 
from nialne rellanco upon amall inanlltloa tf l>w grade 
radlnm when other methoda of tmtmeul wtuld be 

FyMence of the ptaariblo exti nt if popular mliwt n 
caption ou thia aabjoet la ftaind In a pnthctic letter 
recently roealyed at tha New ^ irfc Health Ilepartment 
from a anfferer la Callfirnla whn had aimehtw ob¬ 
tained the Imprerolon that the t nited Rtntea (.oiern 
ment wia about to purcbaai targe quanlltlea of radium 
from abroad Amnming that tbo New York elly 
phyatrlan would bare a plentifni anpply the writer 
aaked that Rome ha aent to him r O T> without drlRT 
lug to adrlae him aa to tiia coat 

Tinder the term iranrer are commonly grouped aev 
eral dla e aaea whkh differ widely In nature cauaatkm 
nnd oonrara. and In their teaponac to radlnm It re- 
qnlrea both akin and experience to determine Inat what 
type of cancer one haa to d«al with ta well aa the 
Rdrlmblllty of mdng radlnm Hence It la extremely 
dlOeult to formutate an amnte atatement of the trne 
poriHnna «t radtom therapy hot It la quUe dear that 
tha axrinitota of tUa reaady u n con of onnear la 
ftota to to Iw taneta 
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Floor Surfaces in Fireproof Buildings 

Reconimondations in Regard to Material and Methods of Construction 


In Breiiniiir inuNtniillun, ^hrllipr It be olBoe building, 
fuclory, or liihlUullun, the ijucHtlun of Ibo t)po of floor 
HUrfoce to splpd and tin- method of caoMtrnctlon lo 
Hibipt bi a moat ImiMiitnnt one The cuiwtant tread and 
uhullllug of feel etiuiie a frtelluu that It It dlfllcult to 
wlUmtMDd nlthimt lerlou* wear 
linini the conotiuellon HUixtiiolnt, In a ntmeombua 
tihle Nil ui lure n lemi-ut tmrftiee Im In kce|ilng with the 
reHt of the building and la natunilly the Uiot euiudd 
eied III many lUHlauics llie cement eonerete or giuno 
llthle llooi tiBN proied exlrcmely aatlafnctiiry, while in 
(ilherM iHHHUHe of (he uw- of Impiuper ainatlluenbi, of 
InexiN-rt conaliuellon or of IIm lelectluii for places to 
whkh 11 Ih nut ailuiited, It hiui iirovcd a db«|iiKilntiiKat 
Ah a nuillpr of fml, no one (y|ie of floor MUiface la 
adapted to all condUloiui, while for any t\|ie tlial la 
properly aeleeli'il, Ibe thnoHliig of tho mhlerlal and the 
manner of tho (iHihtruillun will govern lo a large extent 
the dumblllly of the aurfaee 

II la llie piiriiOHi- of Ihla |m|Hi to dlmiiMa lirletlv the 
dllTeniit IiIimIm of floor luirfaewi, and to romiMre Ibelr 
varloUH qUHlUlea, tlnlr tool, and their adaiUalilllty to 
iiwrine coDdllloiiH This la followed by a more detailed 
treatment of the melhoda of coiiHtrueUng the concrete 
nr granolithic aurfaco wblih have produced aallatactory 
muIlH 

All riigliieor In eunaultlng praillce la callid iilion fte 
queiilly not only to diwlgii and lunatruot but lo Invea 
tlgale defistlie eonatruclloii and alan to make apodal 
teata for the determination of the beat melhiabi to em 
ploy III 0 partlculHr laae In thla tiaper are embraced 
not only the reaulta of experience In flour couatruetlon 
and reiialrH, eopeclBlIy aa they relate to gntuolltblc anr 
faroa, but alan the coaclnalona derltod from hiwcUI teati 
and Inveatlgallona made In connection with N-rvlccs aa 
conanltant on Ihe aupenlructuro of the New Todutology 
bulldIngN hi < amhrldgc 

The aelcetlon of the tyi« of fliair la d« pendent on the 
rhamefer of the atrueture the nalnre of the wear, and 
the arehltoctuTHl apiawraucc htery bnlldlug mnat la- 
coiuddenid b> Itarif hiiggcsdlona for Ibe type of aur 
fare to aeled are lovored In the following imgca Aa a 
preliminary guide, Ihe nmlerlal anllnble for different 
coadllinna may lie given aa. 

Haaementa tiraiiullthle tliilah with troweled aurfaco 
made with apiiroied materlala and workmanahlp 
ITactory friiaira (Ironollthlc flnlidi with trowcleil anr 
faoe, hardwood 

Machine bhuiM tlranolllblc lliilab with tiowcksl aur 
face, liardwnal on anbatantlal haae 
Omnnil kliKira fur Heavy Manufacturing Wood 
block, granolithic 

Warehouaea (Iniiolllhlc with troweled aurface, 
aaphalt cimipmiltlon, hardwood 
timeev Hardwimd, linoleum on couerete, magiawlum 
(umiKialllon 

I'orrldora and llalla for liiatltutions and oflk-e hidld 
Inga: Terrarin, granolllhic flulah with ground aurface 
Kntrance I’avlUona Terrarao, muMlc, llie, nainrul 

('laaa Jbaima, ra>cture llmuna, and Drawing Kianaa 
l.lnoleum on mnerete, giannillhic wilh ground aurface, 
liaidwond maKnealuni composition 
raihftratorhs Uramilllhle with (niwebsl aiirfaen, 
inagiHsilinn eomiavalllnn , tile hardwood 
laivatorlea Terraaio, granolithic Oulah with gruunvl 
hurfaie, tile 

The ulaivc aelisIlona aio given In IIm> older In which 
I hiilce might la- mode fur the average building or room 
of each claw 

(iiAaAiTEMHiira or yuioa anarAira 
(JiBMolithk fmirelcd Aa ordinarily laid In build 
Inga giHiiolllbIc or concrete mirfueea are aiibjcst to 
duatlng aiul under heavy traffic, aniii aa trucking are 
liable In aerloua wear fin the other hand, experience 
with Brat I laaa mnatructlon and tcata of artiml flnora 
abnwa that It la imaalble, by proper aelectlun of the ag 
gregatea and expert workmanahlp, to tedace tho dnaUng 
to an InaIgnIBcant nminnit and to prodnee a aurface 
hard enough lo aland even aevere wear 
Kor factory flonra, notwllhatandlug many caaca of 
Inferior cnuxtrurtlon, tho uae of granollthie la largely 
Incieoaliig It la becoming recngnlaed that tba duia- 
hllllv OC granolithic la In a very large meaaure depon 
drill iipatl the aand or other aggrtgatm mod In the 
cwnairwdlon and the methoda nf laying It 
The chief objection to concrete or granollthie aarfhcaa 
^•nam a paper rwd belert tba AoMCkaa Maty tt Ma- 


By Sanford E. Thompapn 

for ofllcca, drafUng rooma, claw Moma and certain 
labotalurlea, la that it la dnU in aWMcanee, hard on 
the feet tor men atnadlag all day, tooda to braok toola 
dioiiped niwn It, and la not adapted to attaching aanta 
iiml other fnrnltoto readily, eopedeUy where they have 
lo he ahlfted occnidanally In eertalB coltagea, howerar, 
coiurete aurfaces ate naed widely and highly recont- 
mended At Bowdoln and at the Vnlvonlty of Wlseon- 
Hill It la eonaldered aatlafautory for all paipaaiia. At 
llie I nlverally of Mlaaourt tho newer boUdlnp an all 
In Ing built with granollthie anrfacea In nomo eaUegea 
grauulllhtc la being aallHtactorily uaed lor corridon. 
UiMt of the rollcgm (kvnr granollthie for ehemlcBl, 
inliiliui, and aieefaanfcal laboratorloe Th4 TiOliii& Ktan 
fold, Jr, Uiilveralty alatea Hint In tho mechanical and 
iiigliieeilng labontorlea the men comply of bardnew 
ami titldncNv, requiring wood platformH la giaiiy plares. 
In IhlH unlvendty, however, graiioUthIc been mwd 
III Hie chemleul Ialmratnite« for BfIcen yoon with ex 
iflleiil MitlafaeUon It ahould bo noted, further, that 
III the mechanical and engineering lafaoiHturiea the floor 
icNlH directly on Ihe ground, while In the ehemIcBl labo 
iiitory there Is a warm room or haaoment nndenwth 
'I he life of a well laid granoltthte aurfaco under toot 
tiullh- la praeltoally permaneoL 
(hannMhu irUh Otonnd Surfato Kx|ierluiental aur 
facea together wtth laboratory leahs made aa a cheek, 
slanv that a plenaing aurfiieci aiqiroacblng lerraxio In 
ipiasirance and fiillv aa doroble nialer fool liaflic, can 
In obtained bv plating granollthie with acareely any 
trowelling, and thin grindliqt the anrface juat enough to 
tximae the gmlna of aand and atone The gralna which 
ahow are flner than In lemiao and darker colored. The 
appearance, however, la pleaatng Removal of the aenm 
takea away the monotony of the plain gray cement aur^ 
face, aliKT thla ta relieved by the varloua color* of tho 
aand and atone A ghmty effect can tie produced If de- 
alred by the grinding which permlta of easy cleaning 
and gtven a anrfhee auttoiile even for a lavatory at 
much leaa coal than tllc or trriarro Htlll Dirtber to 
give variety to the apiicaratae tile can bo idaced in 
imllcrna or aa a border 

The Hnlvenilty of Mlmourl. whlih n-fCra to the dual 
from graiinllthlc floora, lielleves (hat (hla dlfflculty 
would lie Mlved by grinding the anrihee Inatead of 
trowelling Kpecldeatluna giving the melhnl of laving 
(lie concreto granolithic and grinding It ore prraented at 
Ihe end of thU paper rnim olaiervatlona of Ihe time 
ixsiulred for grinding the aurthfssi and allowing amply 
for delavH (ho extra coat for giliiding la ndlmated not 
to isipvsl n ceata per winaro fool of aurface ereo 
ftaohata Tho hardneaa and iiuler eharacteriatlc of 
graiinllthlc flalsh are o%prr<tmp bv covering the aurlhrc 
with llaltleablp linoleum In the few mllegee where 
Ihla hna lieen adopted they are verv enthoaUmtIc over 
the mnilla In other pUeea, auch as utBeea, Ihe wme 
tv PC nf ciMiatmctlon meeta with a groat deal of favor 
Vt the I'nivecalty of Obicago cork Cbriieta are need, 
which anawer a olmflar purpooe 
Umikniffl la laid on a eonerete aurface, which need 
not be hninght to a flue Bniah, and therefore can bo 
cnmpletod at Ihe time the haae loncrete la laid and at 
a low coat Any marring of the anrfnee or atidden raliu) 
will not affect ita nae for (he linnioum Bniah 
The llnolenm ahould bo atuck flrmly to tho granollthie 
aurface and preferably a cove haae ahould he ran 
around the room and ailla ptovhled at entrancea no that 
Iho Hurlkee of the granollthli! will be fluah In thla way 
the edges are prevented from fravlng The life of Brat- 
claaa quality Battloohlp Unolenm. If edgea an> not 
friivad. la pl^hly from Bftsen to thirty yean, doppod 
Ing upon the amount of travel Theao tgoi are eatt- 
maled from recorda of Unolenm now In uae 
Twlnnlcum, after allowing for the better Bniah required 
on the cooereto ecats auhatantlally tlw name aa a olngle 
floor of birch or maple, but tt la nnlielcan, mote onlfiirm 
In apitearanee, and requires lea* labor for maintenance 
In good condition Ita ■uperiority to wood la ladleated 
by Ibe fhet that wood Boon are froqneatly covered wtth 
Unolenm 

Onrdw Odd Floor* Khmra of maple, Mrcli, beech, oak, 
or long leafed fkmtheni pine are naed moot larcely for 
oBIm, oloa* Tonaa, or iretnre rooma, and lq,inany of the 
older eollega* for lahoratorte a and halla A xrond Nt^ 
face, however. Is not natmUy Rmaldrred enllrrly ratle- 
fhciorv rllher In grae ra l appetranoe or to wooitog 
qualities. If one p arae g free* • oorridoc with a gnno- 
Uthle, tornuan, or tHa floor, teto a raoii or an dl to ftora 
bavtag a wood floor, th«M to ■ aaihad oCtot tC toiki* 


orlty and ebtapiwM. Thera la Jaot aa iincfa daagH o( 
poor maMtoli and wcrfcaanahlp with wood aa wtth 
otlmr ktodi of floora 'Ualora tho graatrat can to tohoa 
In MioetloB of mataflala and workmanitolpt tho an 
Uablo to ihrtok or owtU and oonieWiiwa to iquoak nadat 
toot If at aU hollow nndeimath. thqy ara amn wdv 
than a concrete eurlMe. The floora of tho Mew Orand 
Oentnl oflice bnUdlnge ara an annpto of thto. 

Vor eorrldon, wood to betog largriy e ap eraodad kg 
giBoolltble, terranov or Uto IV« labofatattoa other 
materleh are being mibeUtated for wood to nioat of the 
newer atractnne, elthongh wood la oocutonaUy pra- 
toned. eapeclaUy for phyilral laboratorto* and for labo- 
ntorlen when men atand for hmg perlodt. Tba lino¬ 
leum on concret e wlU o v et come pnothmlly all the ob- 
jectkma that ore made to wood floors, with a ooat 
Rnbotantlally the rame. 

IlicrB are various methods of laying barfwood floora 
For ctoHs rnooM a Mngla thleknera of moide or blrdi 
nailed to aleepet* with cinder ooDcrete between ahonld 
he aelliiflietory Another type of ow wtra ctlon b to nee 
patented metol aereeda embedded In the haae concrete, 
and nail tho floor board* to Rpltoos In the Mretds. Tor 
rooma lobjeeted to heavy tnfk, 2-lneh or 2Hlneh 
plank may be plaecd naderaealh the hardwood floor. 

Of all the different material*, oak la the moot rxpen 
Hive and the flneet In appearanee at the begliiniiig, but 
under heavy tnflle la more llalde to nplinter than the 
flner grained woods neorgla pine, if of bent qnaitty, 
makfw a durable floor, and la pretonble to tly flner 
grained woode In wot ptam. aa It doea not edMI and 
warp ao badly H to leaa dnnble, however, and then- 
fore not Tocominended tor the greateto permanence to 
rooma euch aa ctoaa end lectnre roodm Maple, bitch, 
and beech aU make good floor material Theoe ora 
uaiially laid to atripi % Inch thlek by laobea wlda 
The quaUly variea largely, ranging to coat from 122 to 
175 per 1,000 

Tmmo Trrrano la made by epraedtog npon the 
base concrete a mixture of neat cement end marble 
ihipa and grinding the earface to a depth HUflIcleat lo 
int Into Rhmea and expoae them on their largeot dtom 
cter* Marble. aametlDieB white and aometlme* eolqred, 
IS iiaod, and atooe no rand to employed thq particlea 
may bo of telrly nnUorm itxe Tho Jotato between the 
pertldea bring of neat cement are bard and even more 
dnnble than the pleca* of the marble tbeawelvra large 
plrcea of marble, tram % liieh to 1 todi to dlametar, 
give a more dtottactlve floor bat coot tome than a floor 
of the amaller atones, from ^ todi to H toeh to fltom 
eter, becamw the large etonea require m^ mqra grind¬ 
ing to get dowii to the Urge dlometen of tltopartlelM 
There to more tendency to enek than to a good gnno- 
llUUc properly bonded to the bora but If told with the 
bent workmeiublp, thie cneklni to reduced to a rntnl- 
mum Terrano to totgdy naed. eapectolly to the newer 
oflice bolldingi and to toaUtutlcNra fW corridon and 
baU* It also to aattotoetory for taratottoo, iltbongh 
mote expansive than granoltthte It appear* from onr 
InvrsttoaUnn that for both of tbaoe nsea coocrata with 
a ground mrfoce can be anbatUiited et leaa ooat and 
with aattotoetory reanlte. In eertoto eaaea objeettoa— 
which applies atoo to any bard matoftal Uhe granolithic 
or tllo-h railed to tmeioo breenae of the naira and 
even oorrldma an ooverad with Unoleiim or rfiritoe 
material 

Jforblo jroMicL Mosrie eoMdrts of Oman aqimna of 
mariile told on the emnent brd, acanetlilnB Hke torraira 
Hnrtoeea air groand raough to moke all plecw true and 
level The price of naaoto ta too Ugh to be ce tw ktoted 
for torge am* and to mny raaag the ptooae of atcMa 
pun out from the nirtora Uorato to aUUMe to etftoto 
cam tor an eraanmtol border wUph to not mUeet to 
wear. ? 

JNgnMtom OMipoeMra Whra toU with great can, 
eompodtlaa to a rattotoetray and durable watoetoL 
noon elz or eight yrara oW bara ben —wtof d ggd 
fltort bt dan ^ a 

even wtth ^ gmtoot eua Ihe weric to moMii—H y 

Imperfoet The taiptrfoeOora hewover, era apt to ihew 
wltMa ilM Brat ywf of avelra OeanatKIn ta raora 
rraOtoiit ttan graaelltoto aa ttat toara era law earn- 
Ptatotoeffhardoara ntoaaadikMa(it«itta,aaflelw. 

TarnitaM ata ba ainwafl fltoaefltt ta fha aeiflraillbfl. 
Odrapmdiita haa aac M ban aaafl to a fltilU MM toi 
eoltoflaa. Ito floora tfOtNVtolTliMM Ww XtokM 
af fbM eoraiii 

iMIfltotraflMMM. 
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Wa Ktem tibontwlai, mli m pbjnrieal uid bloioilcal. 

iUrM OUmMmIMm. AqdMlt eoaporitloB b loltalila 
(or «erUlB plaM when no bwTy toob oc macMnca are 
UaHe to PTM Into Om Mft mrfhoa Itbm&bntnoa 
obgr to walk ud ituMl npoa Tba cate b not pbaa- 
Ini, a daad Mack. In a low eolbsea It baa been 
noed ■yaetortly for cbemtel bborktorbo. At Har- 
«ai4 f« oiannitat avbalt maotle on top of wood baa 
bets In antfatettory iwe for many yeara. Johna Hop- 
kina ronaldarad tbb material for tbelr now cbemical 
h bo r ntorlci tat abondooed it bceanae of lb rbeoiu 
iMparllta, iabatltvtlnf ■tanoUtble flnlrit, wblcb boa 
prorad aatbllutecy. 

TVm. man of rarlona ootea b an oxeellent material 
te eorridora, bratorba, and eren for bboiatorien, but 
b too onpanalTe to nae except wbere required for arehl- 
tectnrol tnatment Tbere are rarioua typea and qoall- 
tlea of tile, rnnfbg from quarry tJb to cork and robber 
tUoL All of than, boererer, are expenalrc. 

ITood Bhtok. Wood Mode may be aoibblo in certain 
coaea for a baaoment floor haring aerere UMano. Tn the 
Untveralty of Olncinnall wood block b need In the 
mechanical and electrical teaUng bboratoilea and ap- 
peara to be ntbbetey. 

mna and uimnaATioHa or oiaholituic riooHx. 

The material imad moot btgriy for flCor anrbem In 
factory conatnettei and etao to a conaMerable extent 
on other a tr oc tur ea b what b temed a gmnnlltble mr- 
bco. Tbb oa geoerally undentood, b a byer of mar- 
tar or eonereto from H bneh to 3 Incbea thick, nmialty 
about 1 Inch <m top of the eoncrele abb and bonded to 
It. Allbcugh granolithic or concrete floora are no widely 
employad, neitber the materbb nor the mclhoda of 
fMiMtmetlon are atandardlaed and aearcely two enntnic- 
tnra or englneem adopt tbe aame metbodo. Moreover, 
tho matorble avalbbb la a given locality brgoly effect 
tbecbolea. 


In order to eompare tbe materbb, that la, the aagre- 
gatoo, aralbbb for new Technology, and to determine 
the beat propartiena and methoda of bylng thcoe matc- 
riab a terba of aampto tarface were bid at the factory 
of tbe Simplex Wire and Cable Company, In Cambridge. 
Alao, comparatlre teati were made with almllnr mate- 
rlab In other locatlana. A tew preliminary laboratory 
teata were carried ttaraugb, end certain tcafa to deter- 
mine the beet method of bonding a new granolltble aur- 
bce to ■ hardened concrete baae. Aa a reanlt of theoo 
experimenta. the following recommendatlona are made 
for tbe granolithic nntab of floora for wbleh thla oMto- 
rial b to be uood. The coochiolona apply alao to atmv- 
tnrea In general. 

ITetorMf. Tho rarlona aggregatee uacd In tho teeta 
Inelnde three Unda of tend mixed aa mortara In dif¬ 


ferent propordona, and comblnatlona of theee mnda 
with Mmplea of different granltea and Irapa. One nr 
two aecUmw were alen bM with a patented cianpound. 

Careful examination and eomparlmna of the varione 
eecUoua of abb with refeitaiec to hardneaa and appear¬ 
ance led to the oelectloa of PInm labnd aand, which 
abouM be apeeUbd to bare not mote than 10 per cent 
of Iti gtalna poaa a ilcre baring no meahea to lha linear 
Inch, and not mom than 2 per cent paw a aleve haring 
100 meobae to tba linear inch; and croahed granite of a 
aba which ^a paaaed tho K-iuch acreen In a eniabcr 
pbnt and been canght oo the A-toeh amen. 

Aa a reanlt of tbb aeleetlon, a abb of eonaldemblo 
area waa bid at a later date at the Simplex fhetory 
with the ariected materbb and proportlona, and In n 
poalUon where It would recelro rather hard naage. Tbe 
Simplex Company hare recently adrlaed na that they 
eonolder thb abb Ou beat pleco of granolllhic that lua 
bocB bM In Um bototy. 

/V oporrtoac. Dlfferait praparthHH of the materbU 
were enplived in the rartoun aample aeethma, each of 
which waa about 3 fOat wlda by n feet long. The prin- 
ctpal proporttona taated were 1:3, with aand alone; 
lilH with mud okme; 1:1: arlth aand and flne 

eruahod atm; ItlrlH wtOi tba tame materbb and 
1: K: lU- Aa a ramdt tbe proportlana oeleetod oa beat 
ore oua part cnout to K «art Plum laland aand to 
parirf erinbad graaMe. 

Watted 0 / tagttg OnmoKMto; limtoad of naing a 
oeCt, flowUit mixture, tta hett rooulto were obtoliied by 
w ring a lalrty atW arixture, attff enough to be rammed 
til plaea by a ammn-boad rammer, which would bring 


ttia mortar readily to the nrttco. la ttib way tbe anr- 
ttce ddii b tblnaar, tbara ta tea Ibbfflty to dnat and 
ibd body of tba eoBerata, wbtitt to of a bettor quality 
udtb a wottor mix, to caoebad wHh oomporatlrriy 
wa«r. ao that (be dtiMbg dote not eeuttanm. 
ff r i ^ tt iaat Pf 0prf^ Mafliig to biaiwTamy over- 
eoaim by paint, but ttda to alrraya itenttoflaototy be- 
etttof to teart irir vdar utfllBgiy ttnrri. and it the 
iMt of to* bmit. qaauty it tten begUm to 

tog data 




menta ibow that tbeae can be overcome by grinding tbe 
anrfkoee wHh a carbomndum machine. Thb method 
waa followed on a aoctlcm of abb at the Simplex Wire 
and Cable Oampany. 

The general adopted b almllar to that uani with 
terrano Ilniah. Inatead, however, of grinding off a 
cooalderable thlckneae and tbtw entailtog a largo ex- 
pcluw per oqnare fCot, only a very thin layer b taken 
off ao aa to ohow the gralna of aand and the pleeca of 
eoaraer aggregate. With thb treatment, the anrfaoo b 
at a varied texture, and ahows the rarlona nilored 
gralna, and permtti of different effeefa by ualiig aggre- 
galea of different colora. While the effect b not ao con- 
aplenona aa the torraxio, tba anrface b of a quieter 
tono, and ahonld be aatbfactory for ordinary mrriilora 
and halb. The grltullng reiulera tho anrface more 
gloaay and denaor, ao that It b pnaalbln to une thb 
treatment with good reaulta In a lavatory or other 
lilnisH where frequent waalilng and deiiiilng b required. 
To prodnee a more urnaDieutal offoet, b)rdcrH or pat- 
tenia of Hie may tm ptaml la the concrete. 

Hrmd of arannUthtr la ttaae aom-rrtf. A la'rtb-t 
bHid hetwoon the granollthle and the tmao ennerete b 
olilnined moat caally by plHi-liig the granollthle liefon- 
the haae oonerete haa rcnrhnl Ha ael. Surfimw thus 
laid are liable to Injury from tho workmen who luive 
to go npon them before they have liardenr<l thonnighly, 
and oeeHHlnnally an unexiieeleil ahower will nnigheii tbe 
aurfiiec In mich a way that It b very dllilenlt to repair. 
To determine the b«t method of bonding, one wlileh 
Would give thorough OMauranco of perf(s-t adhisdoii, 
leata were made and then trie*! ont in the lleUI on .1 
large cMH-reto building. 

I-ahoratory teata were made on bnmilitg fie»v niortnr 
tn an olil concrete aiirfare, ualng varloiia melhnib of 
treatment of Miirfnoe, Including ncid trentment, rongli- 
enlng, and no Hiirface treatment whatever. Aa bniillng 
material, neat isMnent waa need In dlffen-iit tsmdlltooM 
of pbaHelty, alao eertaln patented compoutKla. Aa a 
reanlt of thoac teata and cxiierlenfe In the Held, a rongh- 
ened anrfaee of the oM concrete, with neat cement paate 
brnahed In, b recommended na an effeetlve method to 
prodnee a poaltire bond. It waa ahown In the teata thnt 
with a pniper neat cement bond on a roiigliened anr¬ 
faee the break under tenalon waa fre«|nently through 
tho concrete rather than at the Jolot, 

Pirpatine ConerHe Hose for other Purfaro ilati'Hnh. 
If aomo other matertal than granolithic b natsl for the 
wearing mirfaee, the haaa concrete moat be left In h 
< smdttl<m aatbfaetory for placing the aurfnee. Kor 
mead malerlala, auch aa hiinlwtaid flnbh, nmipnaltloii. 
naphalt and almllar trentmenta, the anrfMee of Iho luiae 
moat be brought more nearly level thnn wbere graiio- 
llthle la nned. Thb can bo nreompibhed by very enre. 
ful aereoding of the aurfaee. trowelling of roiigli plneea. 
and ailing holca made by footprinta before the esmerete 
haa hardened. 

For linoleum, a real granollthle b not nsjiilred. hnt 
(he anrfner rauat be level nnd true. Tlib ahonld be 
aissimplbhed by apresding a thin layer of niortar be¬ 
fore the baae oonerete Is act, lint thla mssl iiol la- of 
the very beat quality of granollthle nnleaa wllli the ob- 
Jisd of naing lairtlona of the floor wllhoni lliioloiiin. 
Thb thleWneaa of the mortar may he % liieh to Ineh. 
Thb ahonld he troweled at the proiier prrlnda. hnt with 
lean rare thnn fur a granolithic that b U. b* iiaed ns 
wearing Hurfnee. Some form of rove bnae nniiiiid Ihe 
walla b advontagmua to oae with tbe llnolenin. 

Hlgfa-^wed Engfaies* 

Poa tho loat four or flvo yearn wo have lasm pro- 
duolnff In aome of our raotorica on tho other aiile lilgli- 
apead ongliioa whioh wHI run auaeeaafully In louring nulo- 
nuihite without any mure trouble than the orHimu-y 
ahnr-apeed enginea. In foi't. five yean agi> Uni ntmpuny 
T waa conneetad with were In a poaltion to give a threo 
.veon’ guaranten with their Mitnmnbilea, llte enginea of 
whieh ran at a maximum apeed of almiit 2,r*1U tn 2,111X1 
ravoluUona par minute. Within the loat two or threo 
yoon wa hare been pisnlnaing enginea which havn lienn 
davrieping maximum power at 2,400 revolutlnna jmr 
mbuta, and thaaa have aeoeleratad to 2,snn nivoliilioog 
per mlinito on tha lUghteat down grade. Theae par¬ 
ticular automobite have net only haen aiieeeaaful in 
tha BtithOi late, but hava haen highly nUafaetnry and 
au e e c ari u l ta our eolonica, neh aa Auatralb, Kow ?!ea- 
biul, eta., who* tha rooda are, I think, pretty much on a 
par with Amettoan mads. In foot, just hoforo leaving 
BQ^Bod I inqwatad a report from onn of my arabtonta 
who waa in Auatralb looking Into tha matter. Hbraport, 
oa w^ oa tha agant'a report on tho bohavior of aulorao- 
faflaa tboce, not only our own imoduotlon but of bigb- 
■paad-anflliMd eon jmidnaad by other flrma, waa to tha 
affect dmt they wore antlrriy aatfriaotory. 

I on atadiig timae poisto bacauae h dhnnaaiiig them 
witii aooia of flm iiMliinm bora I bavallouiid (hat^qulto 
atatarm^ta D. MaCWtWteaiadaaWMiJb tta 


an orroneouB idea aacmi to eilit regarding tha durability 
of tho high-apmsl engine fitted into a moderately light 
chaaau. The oliaaala whieh thiiaii onginn are oallcd 
upon to puU ara nut light, being in moat caaea of about 
tho aama weight aa some of tha mudorn ohoaala here. 
Theae nliaoBU atand up not only in Britain but also In 
the oolunte. A horso-power roprcoonta 33,000 fuot- 
poundi of work, whether it ta davelopod in Britain or in 
Amorloo, and if the raquired horao-power can be obtained 
with a amallcr engine, greater economy will raault. Ai 
an example of what haa lieen done, I have deoigned a four- 
oylindor engine of 2 Il/lO-Inch bora and 5-innh atroko, 
which developed 30 braka-hotao-powCT at 2,600 revolu- 
tiona per minuto. It woi fitted to a llO-lnoh wheoihaae 
ohaiota wiiigliliig l.UHU pounda. Tliia automobile could 
imll on lop gear at 10 milea per hour on a very deoenl 
grade, in practically the aune manner aa a ab-oylindnr 
automobile with an engine of .‘l>^-inch boro and 5-lnah 
atruko. Ilio wheelbaae of the aix waa 120 inohea and the 
cliaaata weight about 2,632 imiindH. Both ohaasta earried 
a load of liriver ami one iNUMiiigcr, plua a weight of 806 
pounda. Tlie anmll automobile waa only Ihnsi in- four 
milea an hour aliiwer liian the large env. Olivkiuoly, 
tho anmll engini> wita man' olficient and dnvelopod a much 
higher mean effiH-tive preaauro than tlm lurgi'r engine. 

lludoubUslly, tile moat efilnicnl valve meohaniam 
wliii-h can he dealgnisl ia tho overhead ayalein, Imeauae 
tlie oombiiHlion iihumlM<r ia more perfoet ami praaenla 
Iona isMtling Htirfacu to a given voliunn of gaa than any 
other oirangi-ment. Thla arraiigeuionl haa, however, 
an inclinniiun to iMieoiiie nniay, aa, due to the inertb of 
the valve gi'or, whieh ia iiiidoiibtcdly graator than with 
any other typo and naturally mquirea oorreapondlngly 
atrungnr apringa to prevent valve ulmlter, Urn rocker 
pina, ele„ MHin develop a iwrtain amount of play or wear. 
ea|Mstially it the engino ia of Uio efileiont high-epissl type. 
If tho engino ia not of Ihia lypi', them ia no nueuaaity fur 
ovtfhead valvea. 

One can 01I liighly Haltafaetory raaiilla with tho exhaust 
valve in the ortlHidox poaltion and the inlet overhead. 
>\ilh this arrangi-meiil about IS to 2fi per oont mom 
ulmrge can enti-r tlin cylinders for a given atae of valva 
than with the UliOBd typo of motor. The power of a 
motor deimmla larguly upon ita vnlumetriu offioionoy. 

I have been aatonlahed to find bow many of the 
engiiienra on thia aide atiU favor tho T-head type of 
motor. I have found tliia arrangement to bo tho loaat 
effleiuiit on record, it laiing noaoaaary in order to get even 
muilemte elDeieney Ut uao a two-apark magneto with 
Hiiark pluga on either aide of tho combualhin chamber. 
I have pruvisi thta nontuntion mom Ilian once. It haa 
olao bti'n pnivim liy tho foot that two aimrk phqia make 
very little differenwi iu tho ledusad tyim of motor, no 
inalb-r in wliat lamilwn they are plamiiL 

For onlinary aizes of racing niotora it ta, in my opinion, 
ciitwely nnneceaaory to fit miiltipio valves unleaa it ia 
ileaircd to run tho engine nomew hern about 6,000 revolu- 
tiona per minute, or unleaa the boro of tho cylinder bo ao 
large anil tho atroke ao long that two ordinary valves 
would Ihi entirely too large. Kegardiog the deaign of 
valvea and valve gear generally, I would nay that bUily 
I look part in aomo exporimonta with aa engino running 
ul 4,(XX) rovoliilkma per minute ami developing power 
nl tliat aptsxl. Die valvea being nido-by-ride in the eon- 
vimtional L-heailod manner. Tim rneulta wore oertainly 
aHtoniahlng. 

I Iiavo been imiiig in my own automobile an engine 
wliieli developed full power at 3,600 rovululionB per 
minute, tho bore Iwing 3 1/8 inch ami tho atroke 6 1/8 
inuh. The whisilbaao of the cluwiiiH waa about 126 incbea 
and the weight about 1,000 ikiiinda. Tide aiitoniohile 
could touoli about 70 milea per hour in Inuring trim, 
with open torpudo taaly liul no wind M-nwn. The ao- 
coloralion waa good from alxiut 7 milea per hour an hour 
on top gear. 

RaflwBjr Rail Production and Failnrca 

Buuxtin No. 170 of llip Aniertenn nallway niiglnrer- 
Ing AaicclalliHi disill with alHtlallcM of rail fHlIiinw fur 
niahed to the Americiin Itallway Assodallnn by vnrluua, 
hnt not all. of the rallwaya In the riilted Staten and 
Oonada. Theae ahow that during the year ended Octo¬ 
ber aiet. 1013, llicre were (B,-I72 Iona roIUsl im the Ite- 
aemer procena and 703,067 Iona by the npeii-heaith 
prociwa. tn 1000, when about the Hamc total tonnage 
waa rolled, the dgiirea were 4.T!,1S6 for nememcr and 
401,2fll for open-hearth. The fnllurea In 1011—tbe yenra 
1012 and 1013 are too recent to nfford any conelualons 
aa to fHlInrea—were 37.1 |ier 10,000 tons of open-hearth 
mile and W.2 lier 10,000 tona of lleaaemer ralla, which, 
tnking the open-hearth failnrca aa 100 per cent, meana 
262 per cent for the Ihswemer. In 1000 tha open-hearth 
ralla had 100 faOnrva per 10,000 tona and the Beaaomer 
2124, which, again taking the open-hearth fkllnrea aa 
100 per cent gives 106 per cent Sir Ihe Bcaaemer. The 
petenutagn In hvor of open-hearth ralla have Inercaaed 
year by year, which, the report oaya, onigeata the 
tboi«ht that Ihera wen fhulty praetkaa In tke wly 
roUlnia of oiMBdMaitli rafla otoca tintamd npoo. 
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Automobile Lubrication—11' 

How to Test, and How to Ubc Vanous Classes of Oils and Greases 

ByC W Stratford 

Coniluilul from ScisMTinc Aubuoam SomBiailT No 2089, Pa|e 393> Jooe 10,1016 


Thmb in*y I o tn »tnil undor thn» hiadltiKH (I) Divi 
non uf lubn BlitiK KMlini (2)01 ralinK h miH ntunii 
of motor pnrtB (I) (hqumlti |ili}iuinl pniMrti ■ and 
tlHir offm t upon moti r op reti in 

Ouwum oj IvbnrUing Httnu—X thorjuRb analyilii 
of the Inbneating lyitenia of autom ibiki moton with all 
ttuir peouliantiei of denim in nonneotion with oxhaiu* 
live bHU mado with iile m nanh ah iwa that prootuallv 
LViry lubnnatinR ayatum in uae to-day can bo inoluded 
in th< fr UowinR diatlnot typoa 

(1) >uU Hplaah (6) Hi inraUi Fune Food 

(2) Splaiih with Cinulatlmr (7) Fi n hood 

Pump (N) Full horoo hood 

(f) Pump Ovi r and HpUwh (9) KniRht Hhde Valvo 
(4) honi Food and Splaah Mitor 

(6) Pump Over (10) Oil hod with Fuel 

The reooon for ohooeinR aui h a fixed numbor of lubn 



catliiR avRtoma u to facilitate their proper lanufli ation 
and ha auae of tho t Ifoi t wliioh tho dotaib of them lohn 
LatioR Riatenu exert upon thi flow of oil to the movliiR 
parte liuofar aa the prim iphn involved ru lubnoatinf 
■vatome without exiiplion can bo divided into two 
Rinerol Rroupa (iroulatiiiR eyahma and All loaa 
avatema By all Ioob ayatem la meant a lubruatinR 
avatem in whhh oil u fed dientlv into tho irankuaan 
or thmuRh the ImanoRi Into tho orankroae from an out- 
aidf aouno Oil thua fod into the looe never retuma 
to lu aoureo In all loaa avatema the luluneation of 
Uu porta m i oiitai I w oenompliaheil hy (a) aploah only 
fnim tho I innia tiuR rod i niU and by (b) oil under prea- 
aun aa well aa by aploah (rum tiu oonnoi tinR rod onda 
In m iton i m| loylnR all k aa ai atoma oil u filled up to 
a flxnd level in thi orankiaar Iho lubnoatun of all 
parU H then mode oi ntinu lua by aploah and by foodiiiR 
I il from an auxiliary routlo into the tranlunw when it 

IB I onauraiid at or about tho aame rate aa Iht fn il All 

I Ml BvaUuna on howi vor muih hiaa fool pniof in many 
waya than are tho oiroulaUiiR There la a puaaibihty 
with the fomu r of foodioR an ixi eaa of oil uito tho crank 
Loie whKh may oauie a rapid oarbon depoait in the 
oylindt ra or on the othir hand of foodiOR too littb ml 
then 1 y (auaioR unduly rapid wear or pi rhapa ainoui 
injury to Ibi iwrU from want of lubneation 
li) cirLiiIaliiiff ayaUm la meant a lubncallnR ayatem 
in which a quantity of ud la flUod to a flxid k vil into tiie 
rankeaai aump whenoe it la oiroulated bv aome type of 
pump or bv tho flywhei I to oil porta rsquinnr lubneation 
tn I imulalinR ayatema the oil u applied to the movlnR 
t arte by (a) eplaah abine from the aunneetinRHnd onda 
or by prexann and aplaoh from the oonneoUnR rod 
enda A dram iiooket or oavity ahoukl be piovldad at 
the kiwoot part of the onuiknaae aump m eueulating aya¬ 
tema to that all metoUn aediment oarbon heavy ear- 
bonaonooB or fnro«n matter will aettb and not ra-onttr 
the eueulating pump Fine maoh metallie teteaiB are 
reRolorlv fitted between the mam erankoaoe and the oil 
aumpbekl* orover the inlet aido of the eiranlatuigpnmp 
aa a poaitive meant of aeparating aohd matter, eottor 
puia nuta and wnnehea from the tubrloatug oil. 

Before leaving the anbjeot of inbeteatug lyrtaiiM, 1 
with to atate that during my own experienee at a datvaor 
of internal rombuatlon (nginea 1 have frequently been 
nailed upon to aedve many vexalmua and balfilag proh- 
kma moat of w hie h had te do with tho proper form and 
• A tmrtr pr— e taa at the aMl-taeBBl ■eadeg e( iba 


arrangenient of the lower erankeaao oil aump and ita 
ti (caaorka Vory eanfnl attentmn horn to detalla 
invariably paya in the long run Tho very aueaeaa or 
failun of a motor in the handa of a eateiiiaB pnblie may 
dipt nd wholly upon theu exneHenoo 

ornaATuro TutPHATUkaa 

Automobile motor oila are expoaed oontinnonaly to 
muili higher tompmturaa In aa intemal ooanbnatlon 

I nRUie than they were m the heat teat alnady mentioiied 
kBiMB tally u thu true wiUun the exploeion ehambera 
upon the upper anrfaom of the ojrUiider waUa and upon 
the kiwir Burfaeea of the piaton heada For ehaneaB 
let ua ixamlne only the funatloiia perfonned by the oil 
and the ohangea whieh it undergoes above and below 
tho piston 

on for thi luhmaiion of pistons and eyUmien Is 
Hplaahf d on tin lowi r eylinder waDa and horn there it la 
uarrlod upward and spread ow the eylinder wall ana- 
faoe by the patona and paton ringa A emtaln quantity 
aa weU a thrown off the piftons on theu aaomding stroke 
and projeoted onto the eotm etpbeion ohamber walk 
If the latter quantity la small and the fuel mixture a 
at l on the lean aide it will be flashed off, leaving no ap- 
pnciablo deposit But when an ovarabuDdanea a 
Uimwn up the heat of expkaion eaa only vaporlae the 
expoaod surfana or outer layeti so to apeak of the oil 
film bocauae of lie poor heat eonduotivity and blow 
It out with the oxhauit gaeoi m the form of antoke leav^ 
uiR bihiiid heavy end-produola of doBtruetlve dktiUa- 
tion iheae an rapidly reduced by the mtense heat at 
opt n thrattle expkmoiia into a oumulativa inernatation 
ealled carbon depoait in common parlaaee The actual 
fn« > arbon content of thia carbon depoail may vary from 

II as than 1 to aa high as 7fi par cent Other ennatituenU 
pnaint are metal oxiike mostly iron from a tmee to 
approximatolv 6 |Kr onnt lanro pom ntagea of Inactive 
earthy matter (raiul dust) and aoUd blaiJc larhoneeeona 
or aaphaltk oompaunda aooording to the oil used An 
analyau of i ranknaan aadimi nt taken from a laboratory 
motor ahuwiil ftee uubim under 2 per oent metal dual 
lesa than 1 lar lOttl the rnmalndar being nearly equal 
quantilNs of i arhumu doub matter (1) adublo in naptha 
and (i) m luble in iiarhoo disniphid And the analyais 
of dipmat taken fhim the irankiaae aide of the puton 
hiada showed appiuxunatuly the same percentage of the 
above oonitituonts exocpting a alight inoreaae in tree 

Qivin an oil of good quahty oarbon deposits reanlting 
from Its uai up to the point whore trouble oeonra can 
and should be earaly avoided between annual overhauls 
bv thi maoufaiturer a piop« design of motor porta 
Whik It iH a fa< t that muih ean be dono toward the snp- 
pnasK n I f meehanual defeota omimtoiiB of deaign and 
larhi n lipiaita amruing dwrefrem by oormet od apeei 
fliatiina to suit the oaee in hand it la deododly unfair 
to suppnsi that oil alone can aatafaotonly replace leaky 
I hU n nuRB or to burden mokw oil with a more axaeting 
teak in the cyllndcn than that of good hibrioation with 
Its hilpful seal againet ah^ gae leakage 

Bi low the piston heada, tbongh the beat eonditaoia 
there are aomswliat leas aerere than above whiwnieei re- 
aituins within the oil are just as inevitable and eoatini^ 
ouB No hibnoatiiig oil exiato tiiat will not ondeogo a 
ehomiealand naturally a phyaiaal diaage when mqioaad 
to the high tenipeaatures on both sldea of the pbtona 
of antosnobUe moton In other words, there h no motor 
ml known that will not depoeit eedimeat In the onnkanoe 
A very marked differeaee doer however eikt in the rate 
of sedimenlatioD of oOi of good and of poor qnaUty, used 
In the MUM motor nnder Uw mbw iqwntiiw eonditinii 
It eeeoi logianl to eonelode therefon that ths rate of 
sedimeeitatkm mnat ha a d^wodable aeamn of dniabO- 

Ity and efificMncy 

>or tha papoia of the faOowug tnto, kt msmum 
that two yellow efia of tha aama vaeoaity ny, batween 
aoo and 800 aacoada B^liolt at UlO deptM, be aatd. 

Oeod Oil gaaeWawa—When a motor la nn an tha 
teat stand or in a ear thr a few boon with a lllnai q| 
of the UgkeM quality and a nrapb lahm tor ■nalaa* 
turn. hwrilbatasallnttlMoahaa ehaagad frm |to 
oclgiaal yidow to a gnylMilw by itfaqtifi 
After ruimlag aevenl it wiB ha (oi^ that 
has turned entirely blaah and beenatoopaqaa AakRtalg 
diatned tom the motor lata a tatg namnr tahOMfil 
allowed to stand 91 houn aft AgF a UMfe MillNM 
althabottaBk ntoliMdiotfilhaaidSto 


vleeable as when fmA Tha vutama ef thV •tdhMafi 
depends npon the opetatmg t uup eta ta m «f ndtpr 
parti with lAinh It has eome in ootttaot, pertHUtelr (Ita 
tvmpentun of the paatoa heads upon the poStoUM or 
abaenoe of meehaffleal drfeeta (leaha) to ths motor okd 
upon the qnehty 1 e., dagM of purity and tiabini/ of 
tha otl need 

Peer Od—AMoMeaf ^Lel a poor ofi he turn m tha aama 
motor under Uhn oomUttoni of tmia and tatpenMIw 
and lamplea exandned At As aud of a few udMtat 



Pig ISc-Preper dmign for goad Inhrkatton. 

the oil will turn to a dense and hnlTCua bfawh After 
standing 84 hours tlu sample used aevetal days wOl 
show a vohinitoouB blank aadunool, aovaral tmuw grenter 
than that of Uie good oil 

In the interpretation of theee reenlti lot ua Baanxu tha 
most favonble ease for the poor oil—that the poitloB 
lemaiiiingabove theledimeotbetiauaabk thomdiBiore 
often It la not Tha good ofl la atlll vastly >nan durable 
and economioal Upm the poor (VV H) ClMmiiMlty, 
this tow nabtanee to heat ahowu by poor ob b aAtt 
traoeabto to the nefarloua and dertinetava eftoet of “lal- 
pb) eompounib present Regarting the prnbaUe 
iffeet whieh their pr aee n ce mlAt have upon tha twtirnga 
and othir parto within the motor, whan deenapouid by 
beat into toe autohurie aoM it may be aqieetod that 
eorromveaettonwould beafanoat Aegllifiile naeOaet 
of hot aulpbuna add gaa upon Ughty haatad auhanat 
vahrea and Mato b vary notieeabla, hawovar , aaodag 
rapid pitouiK of tha aurfaaaa and leakiib 


•me mammun mOeage per idlon of oB to the beat 

modm AQtonolHk itwiiT ii tinh* Abiw LODQl MaiMk 

pared to toat of tha avatage moaor Wfatoh laoba^ «awr 

exeaeda 900 Why aimh a wide dUbnmaa ^ dWauayf 
The annrwiB not hard to find. Aa aiaiatiuiHnn at (he 

lI)0()HBlto motor dHdoaea ths idbnf «||(lit pkbto 
tawge eeDtrifnfd ttogi oa «ha Utea tt paaaas 

tbitmgb the earn aw* apg^ ias to 0M pMfiaa, vaifig 
betweaa the tudgaaae dma^ aad lha 

has bsaa pt^a^ l^lpaartMt 

mtatotm*. Tbamnltvaaitorltodl * 


at *a bsM of tUi (NM* 
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tioB of Mtr oil with oo dium ot potMihm hydnuildo in 
ttepNMMoofwntar Whtn tho lopoiiiflwrtfan io aoa- 
platadf oO of the wit« h boiled out end » hTdio-eeriion 
ed li then edded Venation in the qnentHjr of tho eon- 
anbla the mannlbotan of li^t, 
Thu snaeo wbm boated up 




4 fauboe, thin oooliiiff woba oboiild be provided m the 
bead ao M to hilly utilue the eooHne ffhet of the oil 
The idaal piitani ftnn the viewpoint of noobnc, u of 
ooune that made of alaminlnm aOoy 
The eeaHnc of oil in the nunp oan be aneompluhed 
moot oSeetlviely by ndiatlns dni on ill outer ouifaee 
The lower muifceeer iboold be fuUy lapoeod to the outer 
air A oettlinit baain for erdlment ehould be provided 
having a onbto oontent of not lem than one tenth of th< 
total ml eapnnly The depth of thia bann ibonld be at 
leant 8 inebm and ito walk vnrUoal to reduee the munat 
of aediment with tin ml In ehonlatlon The inkt to 
the oil pump ihaald be near and above the top of the 


little to ha anid, aava that their anna ihiraM he ample 
and the mmb ooaraa CBoiiidi (one mxteantb Of an ineh) 
to offer no eenona naiataiiea to the fbm flow of eoM or 
heavy mi throng tium, otberwiae the oil in the onuilc- 
eaae may build up abova thai\ to an nudanrable bvnl 
The neesBiaiT ftwiaeiMy of drainInK and fluahinc out 
the od aunp dUfen vnetly with (ho age (ecmdition) of 
the motor and the nllabtU^ of the oil nied In broad 
tenna, the oil iniap of a new motor ihoald be thorooithly 
drained nod fluahad wHh karoaHM at the ond of the fliat 

aOO milaa. neit at tba end of MO mdea 


Now, to anawer a leai _ 
pnaad over Bifatly, namdy ' What la tiio beat typo 
of htbrioatUB qwtem for antomobno matanf’ With- 
ont hadtatwa I would any fone feed, I e, a omulatinK 
ayatein with feed under pomp premure to all oimnk and 
munihalt benringe Tbk lyatem fonuahm a oopknu 
npply of ml ffar oanying away the fnetion heat of beei^ 

a and for eoolliiff the platen hendi In fbot, the large 
r of oil In eoBstant oinuktioa offari the heat oon- 
teyanee ftw impfaN htat to the outer mr Onee the oil 
mimp baa bten flilad, so further attanthm la raquhred 
Thma k no daagtr Of burning oat beatinga or nooting 
- B hmk of OH, feaUng of ptaga or oaibon 
rthenncm, BO toag (here la water m the 

__Bta and oO above the oU pump inlet, no 

a ef pmUilimant by hard woric «i Uu toad or high 



Fig 18—Proper deidga for good Inbrleatlon 

with rap groaee to form dilToront graitiH of graphite 
grreara 

Semv-fuid OiU —^Tbew arr modi in the "uuni manner 
aa cup g n a n tht only difftnner bring that a Hnwllrr 
qoantitv of naponiilrd fatty oil m mmbinid with thi 
hvdn-earbon ml 

Qear ( ompoutidt —The no-mdled gear rnmpnnndii arr 
gpnrraily manufantuml hv blending fllNr giHtw with a 
hydrosarlmn oil Infinor gnuini ant madi from a 
nurture of paraffin wax and heavy oil I’aialUn not 
bung a lubnoant the lubnoating et^ienrv of aurb i om 
poundi u thenfore nduned in proportion to the quantity 

Trmmiuum OtU —Thdwi oib nonnat i itherof a hMW 
atraight oyhmkr atork (hydro-<arfaon ml) ir of a blrud 
at aame with a amall pemntagi of fatty oil and an uanl 
for the mnat rflloinit luhrination if both tranamiaaniD and 
worm- and bevel-grar reaMule meohaiiiaroa hor (lio 
lubrieation of worm-dnven roar adra ohrmioaily pure 
aBatnr Oil ia amnetlmni uand in apitn of the fai t that it 
iiffera no notioealih) advantagm ovnr tratumuawnn mla 
and in the fane of an almnat pnihibiUve ooat 

UWITIKO rONDITIIIHH OV OPBBAnOIf 

Doubtkaa wme it not for the froqui nt aenoua leakago 
of lubricant wbinh oooura horn the averago onnuncnial 
tran<niii«ion or mar axle no other modiuro would be iiaod 
than tiumunHBion oila The beet body of tin ao oils for 
UK m both winter and aumiBBr Imm around 140 aooonda 
at 312 degrnea (Haybolt univonal laatnunont) la okage 
doea nevertheleaa ooeur and m oomoqurutly one nf the 
ahkf fantora if not tin leading factor governing tho 
apemflnatlon nf lubnoaule for theee meehaoiama It n 
geuraUy raeogniied to-day that avra a nudium inp 
gneae h nnmtufmtory bocanie of the fact that the giara 
«ut irMfca into Ite body Uiua pfwenting anything 
mote than momentary eootaet with their tm Ih and the 
other parte requiring lubrieation On the othir haml 
a tbm ml rapidly laaka out throngb the jomte ot tho caao 
and ahmg ^ ahafta As a eofaition a eompromiae lute- 
neaat b ohoaen winafa offers the leaat imdstaaoe to movu- 
ment and diawt a minimum kwa from leakage Often 
a heayy graaae mired with wood flbo', aebemoe or oliior 
aohd matter, m need to aupprem the imUtlng none of 


hihruatiiig proptrtue an I wlight bndrnrv to leakage 
Till V ins) In hul in ounNiKli ni len aufflfHntIv h(BV\ to 
Mill lunililiuiH nf ihi liakiiHl (uw without poanning 
an\ of till diNadvoDlagifi if hlraiglil i up nr AIn r grnMU 
Lrakagp with any luhnraiil tao In rcdui hI to a minimum 
by tbr apphration of centrifugal rings to all HludtR or 
it tht RjiaiL b< too IimiUd fur tht appluatum by ft It 
pat king and by proviilmg air vt nlR at Ih Uip of tin raat 
M) BN It) mainiwn almtmplieni pnNHurv abovt Iht luliri 
cant within Iht ibm All hihni intR inmnurr a (airiv 
high totlDfionl of lucpaiuiiun anil whin filled told up to 
tho ffutir of tho ehaftR will In i\|iaiiiliil hv fnitioa 
hi at and tho Icvi I rauod thi n hv to rui h an i rlent that 
llm hut mr alNivi alto ixpauditl will Tint thim out 
ovon through tight joiuIh 

Ar to till niruiRori fnqiiini) of inspiiling I hi level 
of the lubnoant m tranMniiHRiun and nar axhe or of 
draining tod fluahing oul Nairn it wouU be mi rely a 
WMte of worilR to give any ilihnile flgunR Tht re an 
intarely Urn many vanabliR involved Suinmi it to 
ear that nnaonaiily fnquint alUntKin ahould bo givon 
to maintain a uniform h vi I in theai mn haninmR and to 
dram thorn win m vi r a namph of Uu liihni ant HhoWR tho 
priMnii of I inHiikralili niitalbc dual wliio ixamined 
by TofliN led Huiilight A thuniugh pluanaiiig of llie cane 
hotwoon <vir> tlino to Uvn thousand niiliB will nhiy 
rcipay what it loste lu hibntanl h} Ihi ininancil life of 
tha parts 

I HAiieiH 

Cup* C ommi n lal riip gnaiR of a grade auiting the 
BPiiRon ahniihl U iiwil ixiiptioii In ing maih only of tht 
greaw ■ ii|M fis ling Ihi wallr pump In annkR anil gianda 
whin gnpliiU gnaniHhivi le Itir Niryiii 

Slnniq (Irtr Ihi womi an I w lor lu tin nliinng 
gear hoiiMiig nqiiin a mp or niHr gr aei or a liiavy 
gear lonipnund ilipiniliiig a]N>n tin liglilnimi of Ihu 
liouRiug lYifutnn ahoullhf xiyi n the latter whin vir 
ita uao IS poRsihli 

Whul* —With anil fru li in In unnun a medium grade 
of fiber gieaa will givi i ntin batnifui turn In laee the 
wheela an fitted with plain Imaniiga a auitalile grade of 
aemi fluid oil ahinilil In uri d 

Svipnuum Spring* The bladi e of aiinpi nuoo Npnngn 
where they nume into contail with each nthor oan be 


tomndein^dM^BoritflkniildavleiBfatntatn- 
(ImMfleiuria w^ (hd drivMki^ PM tinmid^ 
^>as»l8ir»i>mWy tdslRamftiiakfatwdiietfmi of 
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luLmalid miMl iITuotively by paiuUnx tiieir wirfuei 
Willi a heavy graphite gmuB One appliration only will 
lx iimneary be tween annual overbaiili the improvement 
m tbi miing qualitioi of the oar eannot fail to In ap- 
preouitwt 

iloctng I'arta I xpeie I to Ihul —Miwn llaneoiie moving 
parta expoMil In duet (an biet be luliruaUnl by Ihi 
applaalHin of a luitaldi kmdn of grapliiU gnnei 
eoNn leioN 

Then ih no valid reaeon why mtoli grtaler ivnnomt 
and IflhMil V of lubniatioii innnol In oltainid in all 
aulomohik mutore li> the iimpU nppli alion of a kii iwl 
edge of (auee and (ffiv t of oil dialni in n Ni itlor u 
there anv Iniurmouiilalih diflh iiltv in thi wav if aiip 
pTtimng uwhm end luetlv hakagt from all aiiU inoliik 
mi I haiinuuB CirUunlv tin almost unhtihiahh drop 
in yiarlv mainUuanii loele and thi bilal ihiiimalinn 
of all lulinialion aiinovamie eliuuld nwlu tin etuih 
and HUKeeeful eululion of this problem oni of aheorhing 
Ink net and prutll to iviry inanufaelim r and to hie 
luet iiiim Intelligent io-uiM.rallon Ih-Iwiiii nil re 
IliHni and aiilimiohUe nmnilfai lunre w mid eiinl> di 
mu h along tiue line 

Meunrlmg Growth of a State 
nm EauBMratliM Solely to Provide for Potitml 
RcopporUoameat 

1 nr cinaua enumeration of New York State prnmime 
to he m xt to that of Ihi (Initeel SlaU a the lar|^at and 
moat I xpe umve eingh Blatutinal i nh rpnie in tlie countn 
In DO utlie r State an there an many people to be t numer¬ 
ated while the fait that tlie numlxr and complexity 
of the inUiTogakiniawiUlN more ixUiinve Ihiaviarand 
a lompklion willuii the ihort bimui of two inoiilha act 
by the (omtltulMD n neeeaaarv a large nuinlHr of 
nipt rviaon ami e uunioratom i h rka and inin pn U n «ill 
he requirud 

Ibe taek in ita aimpkel phan liivolvii the counting 
of upwaiela of t Ih II milhona of mhabitantii now oat iinati d 
to be in Him Stain 

riBHT HIATF OIKBOH IN 17«2 

Uader the drat Mtate ( oualitutmn a eenaua waa taken 
In 1782 when the Hhenff waa required to din« t the loral 
eoMlabha to taki the number of white lobabitanta in- 
ehiding trfugeea vie Uma of the iiivaaion of the em my 
at the expenae of thi i ountie a Theae relurni wi ro to be 
aummarlxid and Dlml with the Sot retary of Htalo to be 
tranamilted by him to C ongriwa A nimlar ouumerotion 
waa taki ii again in 1780 but it waa nut until the third 
Bute oe naua waa token in ITOTi that the law n qiiir d the 
Hoerotary of HtaU to pn pare the hlanka eoiiUliiiug tin 
queationa eoverud by Ihi i iiuracratiOQ Thw State lltat 
inaugurated ibe dixeanial or penotiKal ayatem of eniim 
enlion of Uii population and reaunnNia In ordir not 
In loofliet with the huderal avaUm the Htate ( onalilii 
lion provided lliat an enumeraUon oould lie taki ii in (lie 
yeara in whab the unit Bguro five wraa prtaeut 

Dunng the eulnnial ptnod the pmvimial govirnora 
were rmiuired to gi\n aeeount of the prognaa of llio 
■ettlementa and in New York niluny at kaal fourtoen 
iliffinnl eoiinta of populnlion win taken before the 
llevoluUunon War Siuee thi iniriHioii for )MrHHli 
imuMunmintH of Ihi Slate a gniwtli waa inaiignratud li\ 
Hu fnmen of tin Ural I niiatiliilniii many finigii 
count ni a Slate a anil lirritiiiiH have luloplid himilnr 
mall Ilia and at the pnmnl (imi Hu lawHofuthaMt Iwi 
fonigu enuiilnea require an iiiiiiiiiralion of tin popula 


Ihe Hrat iinaua enumeraluiii in Niw 'kork Stall waa 
iDUudiil auhly fir pohtkal nappiu'llonmint Cnnai 
quinlU till iheliral eciiaiiHof 17S2 17S(i ITIN) 1705 
ISUl 1807 l814audlS2l laki n under the lonHiitiitiunal 
pruviauiii of 1777 liinilml ihi acopo of aurh inf|uinia in 
foot the flnl three of tin hi win fur the eoiinta if theae 
I lee bint diatnhuleil mUi four property eloaiuH Thi 
eenaua iif lOU however wau the tint to ileiiart from Ihu 
rule of me n e uumt rat i ni of the i kittoni and to prm uie 
other auelol mformatuiii At that time over a dorin 
inqiiirui wire wldid lOniirniug prupertv qualilHaUona 
age aex number of alavi a e t 

rhi I enaiia id 1H21 n quin d aelilltmnal inquini a in- 
eluding agTHultural ami iiiaiiufaLtiiring quiatunia and 
othir inalhn eonaHlind of nlativi importami it llial 
limi III IS25 othir qinati Ilia were aeldid lo thenenaiia 
of that year whi li waa Hie llpit to lie (akin under Ihn 
aeiond (uiialitutiun of IS21 lliiHt iiHiuinia ion 
mmed the e niiini ralHin of defntive nml dipenihnt 
Buehaathi ihaf dumb libnd iiiaane and pauperi 
aU luiee (hat time c in haa Imen taken to obtain in- 
(urmatHin lonuirmng phyuially and mentally defee-tive 
(huiwH Another He in lueludid niamagia, liirthi 
deallue and in the m xt (i uaua of IS.il> htUe i hange waa 
mack in ihii acope of Him inquiry exeopting that eortain 
queatKiiu wi ro edilt d i emu nuug tbe fai Uuy and mauu- 
taotunng Ink n ale 

TBADL INQUIMia INrMASB 

The eenaua of 1846 introdueed many inquinea eonean- 


ing trade oommerew, uewqiaperB and periodwali It 
uenoaed the numlier of queatlo|i refaduig to agrieul- 
tural mtonata The oonaua of 1866 under the tlurd 
f'onatitution of 1846 diffond radioaUy fhim all pnviou 
onea in that for the flnt time the Reotetary of State waa 
oalkd iqain to undertake the diraotion of all the work 
In the |tr vkiua eiiumemtiona the retunif were tabulated 
by (Ih liaal eniimenkira wlio were required to report 
till tolola to tbe eiounlr nlirk who in turn fonranled a 
Humnuirv to ihe Secretary of State a offlee 

The next two cenauaea wen taken m 1866 and 1876, 
whe n the i numi ratorn anting in Hio plaoea of Hin mar- 
■eliala wen called upon to oDunl the populatuin Thaaa 
ei naua lake n warn allowed 83 per day to lie paid by the 
I ounty and I hia waa the laat oei aaion m whioh the eenaua 
waa lake u at the entire expi nai of the loeahtv although 
Hill State al that tune eontnhuted thf 665 whih at the 
einmiH of 1876 the drat to be undertaken by the Stale 
alone the appropriation wraa doubled totalling 1138 (137 
Till iieuaUH of Ii5 provided for a Urge number of inquinea 
I eiiine rning anidii n and aailont engaged in the Civil War 
Ihen waa nppoiutiun agauuit the enumeration bee auee 
of the fi or that aueh information would be uaed to draft 
■oldiera In mi and I8II5 no eenaua waa Ukon al¬ 
though in IH'liamin eountionnatingofaevenqueationa 
on popuUtNin waa mode when an appropnation of 
82(15(1(10 waa allowed Siiiio (he puhlioaHon howover 
of the laat ei naua taken in 1906 the importanee of Hu 
auhjni t haa bee n mote fully reeagni/ed and the amount 
of alle ntion paid to the m naua tanmil be be tier ohown 
than in Hui fl^na for tho number id luquunee made iinee 
Him loot eenaua 

1 lie eonalitutinnal prov laton limiting the tune dunng 
whuli eenaua nturna ore lo lie made haa froquintly 
pruveil ki bo inaufAciint to eomphui Ibu taak though 
(t laexpnrtad that the coming cniimnralion con bo oom¬ 
ph u el within the inoniha of May and June aa tbe Ckin- 
atituUon require a The ayatem uaually adopted in thia 
eountry of exlendmg the pinod of enumeration over one 
month haa been knmd the in naua da jun aa compared 
with Hie hngliali ayatem whiih la LoUod tho eenaua da 
fulu mirthod whieh Ulkr avatem hegioa and compUtee 
the < numeratum wilbm om lUv after a previoiu diatn- 
Imtitm of the liUnka to be fllli el out by eooh houaeholder 
8iieh a method while rcdneing the numbev of erron 
eauoul by dupluaUon to the minimam oould not be 
employed in thia country Ihcoiim many aeotiona are 
thinly popuUk d and dlffle ull of ooooaa 

As itaUxl 1 eninui onuim ralon originally wren the loeol 
ennatabha Later the Uw privieM for apeoial taken 
who wen eoJIod maialiohe and appointed by the 
SeenUiy of Htate At the pnaonl time those individ- 
nala an ealh>d superviaora ami e numnraton and the Uw 
now imividca that the Scentary of Stale shall appomt 
and pn senile their dullia and have dlnx.t oonlrol over 
their work I iiruUni of iiialnii Uoua are providud and 
all mtiinia an to lie talmUted anil arranged aeiording 
to Ihe uuinlita of inhabilonu ixcluiuve of aliens and 
Hu numlHrof aliens in coih village town county city 
Uiniugh and the want ii( IIhi Htate 

UAI HINa TABI LATION 

labiiUting to-iUy a popuUtron atatuitios within a 
noannalde length of Him would be pne tv ally unpoaaiblo 
Wire It lint (or Hie moelern maehini method neoeaaarv 
fui lahiiUting the eliffe nnt tlioractinatics of the popuU- 
liiiii for wlihli inquinea are mode and wluih must be 
pr w nh d in v on me i umbinationa with one another Uv 
Hu me I IiimI iuiw id vogue all the numi roua faeta appe anng 
upon the IN he dull a ore tranafomd lo the laiiu each 
Uing npreai phid by a punohod hok the aqpilSoaDoe of 
whuh H ell h rinmed by its location on tbe cards whlob 
ore nin raiudlv thniugh tobuUtiog nuuhinea to register 
the data in a vonoty of eombuiations 

With IhiB meehanMal aid it w possible to eomplete 
the tabuUtion of all the lUta within Hie tune apeenlM 
bv Uw 1 he Constitution in about one half of tbe Btotea 
rcquiiee the enumeraUnn of the pupuUUon every tea 
years but leas Hum halt of Ihe Stales oompUted thia 
work lu 1SU5 The original nturna of Uw ennnwraton 
during tho past century wiwv deposited in tbe State 
library but unfurtunatily Huai were doatroyad lo the 
fire of Hill although the tummonew made from these 
nturna orn now on deposit in the offlee of the Heoretory 
of suie -N 1 /'oat 

PmtMU Boiler SettlBgi 

rii» heavy brick settlug of • ateam boiler looka ae 
MiUit and suUitiiiitUI tbot not only la the average naer 
of Nic«m deceived us to Ita ability to kaep out air but 
Ihe (X|Nii who ahnuld know better haa bU attaoHon 
eoally illveilid from a very importaut Iralnra In aae- 
tiistrul la Her upiration lo lusnro efllUeut and eco- 
iiamhiil iqurullon all air reochlug m bcdler fnniaoa 
ahouhl U sdmllted at tlM propel place’ and fat 
the iiniper quautUki, If ecunomlail eeunbeHtloo of 
the fnel U to be aec u red and any oddltknml air that 
Siida Its nay Into the fnniacc through caanol on* 
trancet attaply latarfena with both tlia dnivtat and 


tlw pniMr combBoUoa It has mm M to mUh 
nload that Mck toUar fHagt to ao Msai •l^ 
tight, hot an actually dacModly poraai ogd tkk toct 
waa recaatly vlalUy d iai oto tra tad at *a oUcMc poMT 
pUat lo the HlddU WMt Ueo wan lot ok ttoik point- 
log a boiler ortUag with astca hoary fflack potot, and 
before one side bad beeo eovarad an tmproTMMOt lo 
tbe draught eoald be oeen at the dranght gago Wtoo 
both atdaa bad baen polntad tha nataiml dnosht iHd 
iDcreoaed by 010 iMh 

That tbU point U ao commonly oterlookad la not auc 
prUIng when we eonotaptly aie tha rutwNaly crookad 
brtofcwork around ball«a that U alknied to atcnd yaar 
after fMr wtthant oUenttou 


SCIENTIFIC AMEMCAN 
SUPPLEMENT 


NEW YORK, SATURDAY, JUNE 881^ 18U 
PnbUalMd WMkly by Haen A (.oapaBy laesrponM 
ariM Alisa Hdu FtmUmI rndarieik (knvenw Btae 
Hccrelary Onoe 1 ) Uubb Irtaaunr 
all at J3S Bieailwar MrwVsck 


The SticatUc Amerteaa PubUeatlou 
a liatlUc Aaecrlraa thipplciiwnt (aateblliliMl ISTS) pw yaar |S <W 
s IraUlk AiMrtcan (mUbUahad 1840) 8 00 

AecrleMB lleaww and Oardeu 8.00 

1 b« HNiil iBcd aebacriptloo iwtaa and ratal to toialfn caaaMia 
iDeloellnAliBada wUI be furwlahad apra appUoatloa 
nenltlrpottolorexptyHBaonrjeinlcr bank dieft oe daefc 

Mmu ft Ca, Ine., 2U BiohdiniY. New York 

JKt fiutpOK of the Supplement i$ to publish 
the more mportaut announcements of dutin 
ffuished tcchnoloqists, to digest signtfleunt arii- 
iles that appeal m hutopean publtcatfons, and 
altoqethei to reflet t the most advanced thought 
in St tents and industry throughout the teorld 

Back NaaOken of the Sacailiflc Aneiku 
SajtoleBeat 

HimjmbNTB bearing a date earlier than January 
hd 1014 tan be auppllcd by tbe H W Wllsbo (can 
pony <18 Ifomaroueik Areoue White inaliw N 1 
IMeoai order aueta back niunben from tbe Wilson tiom 
pony Bupplemeuto for January 3rd 1014 and anbse- 
quent haeuw can U. aupptled at 10 ceglP each by Umm 
A Co Inc 2J3 Broadway New York 

Wa wish to eaU attention to the tact that we are In a 
lieeltloD to render competent aerylcm In every branth 
of potent or trade mark work Our atoff U oompoord 
it mechanical electrical and chemical experta, thor 
iiughly trained to prepara and praaecnte all patent ap 
lilhaltinis trmipaetlve of the complex nature of the 
Huhjeet mailer Involved or of tbe ivecUllard, teebnlcal 
01 actontlOe knowledge reqnirod therefor 
We bIbo have amMUtca tbronghoat the world who 
BiwUt U tbe proiircnthin of patent and Irade-mark ap 
pllcalloiw died In all conntrlaa foreign to tha United 
■states 

MuHa A OoL, 

PmsmBoMtort, 

SS8 Broadway, 

New York, N T 

Branch Offlee 

Oaer Rtreat N W, 

Waahlngtoa, D o 
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